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in every respect similar to that produced by the dis- 
tillation of wood in close vessels. 

Such are the improvements which have been effected 
in operating with the ordinary meiler, having no regard 
to the perfection of the process by turning to profit all 
the products afforded by the wood ; but, from the num- 
ber of these, and their utility in the arts, tlioir waste 
could not be long permitted, especially when their value 
became known. To submit the wood to distillation in 
close vessels, however, would involve a considerable 
outlay in costly api^aratus, which at the same time 
would fail to furnish a quantity adequate to the re- 
quirements of the trades which consume it, and hence 
more simple, as well as more effectual methods were a 
desideratum. The conditions required were, to a groat 
degree, fulfilled by the processes proposed by Foucand, 
Baillet, and Schwartz, but others have been sug- 
gested and acted upon. 

Foucand’s method, which is the simplest of these, 
is founded on the principle of sheds ; all the other de- 
tails being much the same as in tlie common pile pro- 
cess. A covering is provided, which, while it affords 
all tlio advantages derived by the use of sheds, adds 


the means of collecting the volatile products in stiitable 
condensers ; and to render it more efficient, it is so 
made as to be simple and economical*— the diameter of 
tlie base being thirty feet, at the top ten fe^t, and tlio 
height eight or nine feet. To form this shed, frames 
twelve foot long, throe broad at one end, and one foot at 
the other, are constructed of bars of wood two inches 
square. Upon these, stout twigs in the form of wicker- 
work are woven ; wooden holders are attached to each 
frame, by which, and the use of an iron or wooden pin, 
they may be joined together. Before putting them up, 
it is customary to coat tliom with a well-tempered 




meiler being ignited passes out; and after this the 
condensable products are drawn off through the third 
opening by a pipe bent at right angles, and condiictod 
into the first of a series of condonsers, R R R. This ar- 
rangement is shown in elevation in Fig. 28, where 


Fig. 26. 

loam, with which some chopped grass is mixed. Fig. 
25 shows one of these frames, and Fig, 20 one side 
with the holders appended. 

When a number of those are adjusted together, they 
form a frustrum of a cone, the top of which is closed 
with a flat lid, ten feet in diameter, and made of boards 
well connected. In the centre are three openings or 
trap-doors, o 0 r, as seen in Fig. 27. Through two 
of these, o o, the first smoke which is evolved on the 


muy lie seen the opening, T, by which the workmen 
can enter or go out at pleasure. When the object is to 
collect the acetic acid only, some have proposed coat- 
ing the mould with a species of mortar made with 
quicklime ; the acid unites witli this base, and forms 
acetate of lime, which may be treated as indicated 
under Acetic Acri>. 

Baillet’s form of earbonizer, reproduced with various 
improvements in the ajiparatns of M. la Ciiabeaus- 
siERE, consists of a cylindrical cJianibcr, covered with 
a plate of cast-iron, and furnished with orifices, for the 
admission of air to support tlie combustion of a portion 
of the wood, and also for tlio passage of the products of 




tlio decomposition of the contents. It is constructed 
by digging a circular cavity in the earth of any conve- 
nient depth ; or, where this cannot be done, building a 
mould wall round the space corresponding to the size 
of tlie furnace'. When sunk in the ground, holes are 
made perpendicular to the base, and at a distance of a 
foot from the facing of the wall of the cavity; they are 
made to open inwards at the base. In the other form, 
the perforations are fixed at the base to open inwards 
in the same way. Fig. 29 represents this kind of 
earbonizer, half in plan and half iu elevation, and Fig. I 


30 a section of the same. In tlio first of these, A 
denotes half tlie plan at the level of the base, and n 
the other elevated portion under a vertical view. The 
same are seen in section, where c indicates the half 
section over the chimney, and n the half over the air- 
channels. 

The bottom of the furnace, E, is constructed of re- 
fractory clay, well beaten, or of bricks ; so also are the 
side openings, G, of the air-channels in the bottom. FF 
indicate the mouths of tliesc holes, H is the briok-thest 
or pipe for conducting the ^oke, and I the casing of 
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th^ upon Tiyfeli vorge of the lid 

re^ This furnace is con- 

structed of trrought-hfoxi p^e8, boimd by clamps or 

Fig. «o. 



hoops of sheet-iron. Its form is a segment of alsphere, 
its diameter is ten feet six inches, being six inches 
wider than the pit, so that it will rest tlirec inches over 


Fig. 30. 



the edge of the wall. It ought to be sufficiently solid 
to bear the weight of a man witliout being injured. A 
perforation, a, Fig. 31, is made in the centre; this 
opening, which is nine inches in diameter, and closed 
by a movable plug of iron, serves as a vent for inducing 
the ignition of the wood, 
as well as for introducing 
red-hot coals for that pur- 
pose. There arc four other 
openings, h hj equidistant 
from each other, and six 
inches from the rim. The diameters of these are only 
four inches, and they are intended as draught-holes for 
the escape of tho first heavy vapors that arc given off 
when combustion sets in. In diameter the furnace is 
about ten feet at the base, being a little more at the 
top, and it is nine to nine and a half feet in depth. 
About six inches thick of solid flooring, compOvSod of 
refractory clay, is laid on the bottom, bringing this up 
to the level of the inlets. It should bo well beaten, in 
order that' it may the better resist tlic heat, as shoold 
likewise be that of the walls of the furnace. Tho air- 
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holes are generally about two to two and a half inches 
in diameter, though openings of a less calibre would be 
sufficient; but by placing^ a tile upon the oriiicei tlio 
volume of air may be reduced at pleasure. 

Tho outlet through which the volatile products pass 
is introduced at about nine inches below tho ledge of 
the furnace; it is nine inches in diameter, and in^- 
dines towards the body from the further end, which 
abuts in a rectangular box, eiglitoen inches in length, 
twelve in breadth, and fifteen in height. During the 
distillation, tar and portions of tlio acid condense in the 
box, the walls of which arc made of brick, the cover 
being a movable plate of iron; and when nearly 
filled, or in such a state as that it would obstnict 
the passage of the vapors, the excess is drawn off 
by a stopcock in tlic side near the bottom. A 
cast or wrought iron pii)e is fixed vertically in the 
lid of the box, and at Uio height of about four feet 
it is bent horizontally, or slightly depressed ; the hori- 
zontal part is about fifteen feet in length, so that 
the contents may be cooled during their passage, and 
l)revented from spontaneously igniting. The far end 
of this pipe discharges itself into a wooden sluice or 
covered trough, which conducts the products into suit- 
able condensers. Before putting the furnace in opera- 
tion, it must be well dried by lighting some brushwood, 
and keeping up the heat till the bottom and sides are 
thoroughly baked. The charging is commenced by 
fixing a round stake four inches in diameter in tho 
bottom, and of the same lioight as the furnace. Around 
this, some charcoal is jjlaced to keep it upright, and 
tlieii logs of wood are arranged horizontally, radiating 
towards the cireiimierence and between the air-holes, 
observing that the ends reach neither to tlio cential 
stake nor to the wall of the furnace. The spaces iiii- 
0 (‘cupied hetweeu the radii, fonn so many flues from 
the draught-holes to the centre. Another layer of logs 
is laid transversely upon these spaces, and close to 
each other, thus leaving os few vacancies as possible. 
Other layers are placed upon this snoccssivcly till tl»o 
furnace is filled, and all the spaces round at tho circum- 
ference are charged, cither by alternating the logs, or 
by employing smaller wood for tliis puqiosc. 

The next step is to withdraw the cciitral shaft, and 
to fix the cap in its place ; tlic latter operation is facili- 
tated by the use of two iron levers and wooden rollers 
twelve feet in length, which pass over the furnace and 
j rest on tho ground at each end. All tlie openings in 
this cover are left free, and the remainder is coated 
with a layer of hiosc dry earth or sand, two ijiches thick, 
in order to cause it to be as retentive of tlio heat as 
possible. The drauglit-holes round the circular wall of 
the furnace are likewise opened. At this stage, some 
rod-hot embers are poured down the central vent-hole 
through a kind of funnel, and these falling tlirough 
the space previously occupied by the stake, which 
acts as a kind of chimney, come in contact with the 
combustible material at the bottom, which is soon 
ignited. For the purpose of diffusing the flamo over 
the contontB of tho furnace, the central orifice is 
closed as soon as the fire has acquired sufficient 
strength. After tlic bhiish smoke which escapes from 
the charcoal changes to a whitish shade, tho draught- 
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holes in the cover are partly closed, as are also those 
loading to the hasc of the famace ; atid when the com- 
bustion is thought sufficiently brisk, tlie openings in the 
cover are entirely stopped, and the vapors allowed to 
pass off to the condenser. Sometimes tlie draught pro* 
duced by the chimney at the end of the condenser is 
not poweiful enough to cause a rapid transmission of 
the gases and other volatile products from the furnace, 
in which case the fire is apt to flag or become ox- 
tinguishedi This state of things is detected by the 
vapors being driven back in the outlets through which 
they ought to proceed. To remedy the evil, the air- 
holes at the top of the cover might bo opened and a 
portion of the products allowed to escape, rather than 
smfer the fire to go out ; hut the best (loiitrivunce is to 
have a second opening at the top of the furnneo, to 
which pipes may bo appended for conducting the gases 
oft to the condenser, but capable of being closed when 
not required. 

The charring generally requires from sixty to eighty 
hours to produce a good quality of charcoal, but the 
period is, of course, variable. The attendant examines 
the state of the interior by thrusting a pole into tlie 
furnace through the central (ipcning, and obserriiig if 
the reduction in the bulk of the mass be equal in all 
parts. If this bo not the case, the draught-hole is 
opened near that part where the subsidence is least, as 
also tlie air-hole opi^osite to it at the base, and in a very 
short time the oquilihriiiin is re-established. As soon 
as the charring is thought to he completed, cither by 
(jxamination with the pole or from the appearance of 
the smoko which may ho evolved, all the air-channels 
and draught-holes in the cover arc opened, with the cx- 
ceyition of the (‘ontral one ; a brisker combustion ensues, 
and some hydrogen which has been hitherto rctaiiKitl 
is given off. In conscquorioe of thi.s, the charcoal 
changes from a reddish-hrowrk to a black color, and is so 
far rendered more marketable. Immediately on the 
surface of tlie c’harcoal becoming incandescent — a state 
which may bo observed by looking through the orifices 
in tlie cover — all the openings by which air entered or 
vapors escaped are carefully closed; the tesmporary 
covering on tlie cap is removed, and replaced by a 
coating of thin loam. Thus secured, the whole is lefi 
from seventy to eighty hours to cool. The furnace is 
then uncovered for the purpose of removing the charge 
of charcoal. 

It will be observed that the contents at this period 
possess no more than half the hulk of the wood origi- 
nally introduced ; this rediioiiou ari.sos not from tlie 
contraction of the matter in charring to that 
extent, but from tlie filling up of tlie interstices by the 
hurnod materiah 

A workman now descends into the funiace and emp- 
ties it of its charcoal, by taking the pieces up one by 
one, using as much precaution as possible? that they are 
not broken. The smaller fragments and charcoal dust 
are removed with a shovel, and collected in a heap to-- 
getber. Should the contents not bo thoroughly cooled, 
the ivorkman employs au iron tool which protects his 
hafldi from the heat. Any live or half-burned char- 
coal which may be present is assorted by itself, then 
spread out and occasiorvilly raked about, by which it 


becomes extinguished Its own ckltd wldiout 

the use of water ; it to have 

some at hand, in whidh > to imuc^rse any pieces that 
may be detected burning, which is known by the ap- 
pearance of white spots. When the furnace is emp- 
tied, it is re-charged in the manner already descrit^ 
and all the operations are repeated in the same manner, 
and proceeded with as previously detailed. 

Five active w^orkmen have been fouyd sufficient to 
superintend successfully eight such furnaces, working 
without interruption, and producing on an average 
twenty per cent, of charcoal throughout the year. 
The following statement of the work of these furnaces 
gives a fair average of their annual produce ; — 
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5000 Bt^ires of oak, weighing 

123 

0 
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10 

10,000 hectolitres of char- 





coal, weighing 

2i 

12 

0 

21 

Impnre acolic acid, 

Yielding upon distillation a 

22 

0 

0 

17 

pnritied articlcanarking 1 2° 





Twiiddell, weighing from 

J2 

15 

3 

21 

To 

13 

15 

2 

14 


The ‘outlay in the construction of each furnace is 
said to be four hundred and fifty francs, or about 
eighteen pounds fiftcc?n shillings, of which sum six- 
teen pounds lliirteeu shillings are paid for the cap, the 
balance being ample for cousti noting the body of the 
furnace. The condensing apparatus is not included in 
tliis statement. 

On reference to the? article Acetic Acid, Vol. I. p. 
18, the apparatus of Schwartz will ho found fully de- 
scribed ; and, therefore, any further description of it will 
be here unnecessary ; but something may be added as to 
its eflicieucy compared with the others. In localities 
where there is considcrabie demand for charcoal, sucli 
as in some parts of France and Sweden, where it is 
largely consumed in smelting operations, the apparatus 
of Schwartz is better adapted to yield the requisite 
supply than La CliAKEAUSsiihtE’fi; it likewise answers 
b(?tter for coniferous "woods, as the largo amount of tar 
which these yield is most cflbetiially recovered by it. 
On the other j)ari(I, it must bo admitted that the wood 
is more completely" charred in the latter, arid tlic time 
occupied in proportion to the hulk is much shorter; 
that the cost of Schwartz’s apparatus is much gi’cater, 
and that it does not admit of removal like La Cha- 
nEAUSsikiiE’s, except under an outlay as great as the 
original cost of erection, namely, from eighty to ninety 
pounds. Tilt? advantage of using cither of these forms 
depends r^eatly upon the facility with which the wood 
may be conveyed to the inciler, as it is evident that, if 
the distance were great, the cost and difficulties of the 
carriage of wood over that of the charcoal would more 
than balance the value of the products of the distilla- 
tion, and, in fact, of the greater yield of charcoal. In 
this case, the first method of carbonizing, in large 
meilcrs, errclosed in easily movable sheds, will claim a 
preference to the otlicr two ; but sometimes, when the 
piles are required to be very large, the removal of these 
becomes more diffit?ult and troublesome; bo that their 
advantages are considered inadequate to the .labor,* and 
they are consequently dispensed with. It is evident, 
therefore, as Dumas remarks, that in such districts all 
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to bo fliado in the mauufacturo of 
tarn upon the better workinj^ of tlie 
meilet' or pilo^ as being the most applicable ; aud hence, 
the hrst tiling to be aimed at is to render this more in- 
dependent of the cares of the workmen. Upon this, 
the difference between Uie pile system and that of dis- 
tilling in close vessels turns; for, by tlio former, the 
most skilful practitioner may be baflled by circum- 
stances peculiar to the operation ; whilst, in the latter, 
the smallest amount of hand labor will always serve 
to prepare tlie charcoal, aud in the largest qiuintity. 

It is clear tliat the first consideration on the part of 
the burner of the pile is the lighting of the fire, so as 
to spread it over the largest extent of surface in the 
shortest possible time, aud with the admishion of a%| 
little air as possible. This is usually done by igniting 
the mass at the base, ostablishiug a draught at the 
same time from the exterior aud through the eoiitic, 
os seen iu Fig. 32, at^> m a, till the upjier parts of the 
pile arc on the point of entering into incandescence. 
Ily closing tlie chimney, and opening vents at the 
points, a around the iiiound, a drauglit will be formed 
tlirough p m a. These jjerl orations will in turn bo 

closed, and new 
ones oj)ened in 
succession ; and 
as the carboniza- 
tion advances in h 
c aud d, care must 
bo taken to bring 
tho force of the 
combustion in the 
direction of p m 
p rn. c, ct ceiera^ 
so as to char tlie 
whole in zones 
proceeding from 
the axis to the cir- 
cumference, and 
tlicn downwards 
towards tho base. 
Such is the course 
favorable for the char- 
ring; but it is evident that this docs not include ail 
that is deserving of the operator’s attention. Aii 
object, indeed, of primary consideration, is to reiulm 
as much as possible of the caloric disengaged in the 
proc ^ss available for decomposing the molecular ar- 
rangement of the matter of the wood. Could this 
end be fully attained, it is evident that the whole ol 
the carbonaceous matter might be obtained in the form 
of charcoal. How far this is from being accomplished 
in the meiler system, those engaged in the business are 
best aware ; as likewise how great a loss the slighUist 
variation of temperature inflicts upon thorn. This re- 
gulation of the heat is, however, a probh ni, tho solution 
of which would involve the removal of serious difficul- 
ties — a fact which will be readily admitted when the 
amount of water to be discharged as steam, the volume 
of gases liberaUid, and of air passing througlf tlie pile, 
are considered. 

A method adopted in Sweden, which soems to be 
an improvement on tho common plan, is to conduct 



which is deemed tho most 


the draught downwards instead of in Uie ordinary way; 
and if tho pile were constructed upon a base sloped 
from the centre to the exterior, tins would allow of the 
draining of Uio tar, acetic acid, water, et ceteroj into a 
fiuitiible vessel. Pipes might be disposed through it, 
so as to conduct tho draught from the vertex to tho 
base of the cone, and all converging into a tank, where 
tho vapoi-8 would bo condensed as far as possible, the 
remainder [)asBing out through a flue into a chimney of 
sufficient Leiglit to generate a draught powerful enough 
to carry on the combustion. By this course all the 
heat would be utilized, and tlie moisture disengaged 
would be prevented from pas.'iing tlirough the ignited 
wood — a circumstance which causes considerable re- 
duction of the cliarcoal left. 

Another species of charring is that in which the heat 
is exterior to the wood which is to be earboniz<jd, and 
is {iroduced in an adjoining fire. Of this descri])iion of 
earboTiizors is that represented in Fig. 33, a construc- 
tion of biickwark, having apertures suited to the con- 
venience of the workmen for charging and witlnkaw- 
ing the products. Of those, A shows the orifice tlu‘ough 
wliicli Hie wood is iiitrodiice.d till it rises as high as this 
opening, after whicli it is closed, and the remainder of 
the interior eliarged through tlie siiporior aperture, n, 
and tho orilico for (he passage of tlu^ products of dis- 
tillation is through the pipe, u. The fire whicli serves 



to bring the contents to the point of decomposition is 
made on the grate, I), and the air which is to mainttiin 
its conibuBtion enters by the ashpit, and is regulated 
by a door, E. When the kiln is charged, the apertures, 
A and B, are hjocked up with bricks, or closely fitting 
lids. As soon as tin' walls have acquired so much heat 
as will bo necessary to complete the charring, the com- 
munication with the air is cut off by closing the door, K. 
In carbonizing in this iminncr, the eharriiig is more re^ 
gulaily effected, aldiougli the siipcrvisiou ol the attend- 
ant cannot be so well exl^^ted as when tlie urdinaiy 
meiler is resorted to ; in the latter, however, tho influ- 
ence of the weather can scarcely be controlled, however 
watchful the workman may be — a condition effected by 
the walls of the kiln, and hence its superiority. 

Differing from the kilns of this description, but still 
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less advaiitagoouB in pomt of execution^ are those kinils 
of carbonizers which char the wood whlTout allowing 
the products of the combustion to come into contact 
with the materials to be decomposed. They possess 
an advantage over others, inasmuch as ^1 the volatile 
products are recovered in the condenser, without any- 
thing being lost from a combustion taking place in 
contact with them. This advantage is partly neutral- 
ized by the large amount of fuel which is required to 
biing their contents to the proper working tempera- 
ture, and the necessarily smtill volume which must 
be operated upon, owing to the non-conducting qua- 
lities of wood and charcoal. No less than a quarter 
of the product in charcoal is consumed for this pur- 
' pose, oven when tlio combustible gases which pass 
j through the condenser unarrested are economised in 
the grate. 

The close distillatory apparatus or retorts are the 
most eligible for the decomposition of pine wood, and 
such as contain a largo amount of resins ; and though, 
at a distance from the site where the wood is felled, tliey 
are generally composed of iron, yet near the locality 
they are sometimes constructed of woll-temj>ered clay. 
Those known as tar- l o torts arc coinposwi of two hol- 
low cylinders, one within the other, and diflering six 
or eight inches in diameter. The iiiiicr of these re- 
ceives the wood, and is a* little longer than the outer 
one. The Kjiace betwoon thorn is appropriated to the 
I fire, which is maintained by a current of air rushing in 
i j through apertures in the outer walls. A funnel Hha))e 
j is given to the base of the retort, and this is made to 
1 1 terminate in a pii)e which traverses the outer cyliiuler, 

' and abuts in a tar cistern wliero tlio products of dis- 
1 tillation collect. By means of an aperture at the 
top of the inner cylinder the wood is introduced, and 
i I after the (jharging is performed, and all the outlets 
I closed with the exception of those at the base, the tiro 
, ' is lighted in the iuteV veiling space between the outer 
; 1 cylinder and the retort, and the heat continued as long 
' I as volatile matters pass over to the receiver. When 
, ' thcho cease, or sooner, provided the walls are hufllcicntly 
liot to finish tho distillation, llio fire is extinguished, 
and ih'j ap]>aratu8 allowed to cool. 

A very good form of retort for tho distillation of wood 
find tho production of Isirand charcoal, is that shown in 
Kig. 34 annexed. The body, A, of the retort is of east- 
iron, imbedded in masonry or brickwoik, so that the 
I flue from the grate courses spirally to the top, where it 
I turns off to tlio chimney. In the upper part of this case 
is a movable cover, ii, through which the wood is intro- 
duced, and by which tho charcoal is removed when tJie 
charring is finished. An outlet is made at the top under 
the rim, to which a pipe, c, is fixed that communicates 
with a large condensing vessel, D, covered at tlio top ; 
this is connected with another, E, wheicin all the coii- 
densablo matters which escape from the iiist are arrested 
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and conducted to a recj^ibil by 

whilst the non-oondeni^kg^i^atia i^^ by a 

pipe, PF, over Uie grate of the fufiiace, 43^ to V burned, 


Fig. 34 



and thus economise the fuel. Tho fire is made of 
iaggots and brushwood, and is maintained till gases 
and vapors arc abundantly evolved, at which stage 
a stopcock in the pipe, F F, is opened, and tho in- 
flammable products of the distillation are allowed to 
flow in over the fire, where, in burning, they produce 
as much heat, with a little addition of fuel, as will char 
the remainder of the contents. After the condensable 
matters cease to flow over, this tap is slmt, and the 
retort is left to cool for a period of sixteen to twenty 
hours. 

Such are Uie principal methods resorted to for the 
manufacturo of charcoal from wood for the require- 
ments of the smelter, the powder-maker, and others. 

It is o^^clent, from the nature of the several processes, 
that considerable diflcreiico must necessarily exist be- j 
tween the charcoals produced, as well in their intrinsic 
value as in their physical ajipearaiioe. This pailly 
depends on the species of wood cmjiloycd ; but nil the 
dilfcrcnce is not to be attributed to this circumstance. 

The study of charcoal, with a view to its application 
ill tlie works where it is chiefly consumed on the Con- 
tinent, has led to a modification of the iwual mode of 
charring, by which a larger volumetric yield has been 
insured, answering all tlic purposes required. This 
product is designated torrefied wood^ or red cfiarcoal^ 
from its reddish-brown ayipearauce. Bektiiier was 
the first to call attention to tins variety; but lately ^ 
Sauvage conducted some experiments, from wliich he | 
deduces that the amount of combustible matter ob- 1 
tained by the charring of wood does not increase after 
exposing tho material to a suitable heat during a stated 
period, but tliat, on the contrary, a loss is sustained in 
tho quantity, lie limits the jiroper period to five hours 
and a half. Tlie results of liis experiments are trans- | 
cribed in Uio annexed table, which shows the loss 
sustained in weight, and tlu volume at tho inlciTals 
mentioned : — 
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. the 'Allowing numbers are coiiBidcrod in connection witli the preceding table, t!ie loss suBtalncd in 

matter will become apparent 
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The usual method followed in Franco and Belgium 
for manufacturing charcoal, is by a kind of meiler or 
pile lengthened out, and having a channel cut in the 
tloor, 08 shown in transverse section in Fig. 35, and 
longitudinally in Fig. 30, both in elevation, Tlio fire 



species tlian in others, and, consequently, those will 
yield a product containing more combustible matter for 
the same bulk tlian lighter woods. It is difficult, how- 
ever, to make experiments decisive of the relative value 
of the vai-iouB systems of charring in relation to tlie 
yield in carbon, or the relative loss of carbonaceous 
matter which woods sustain while undergoing decom- 
position by heat. Indeed, it may bo said that most of 
die results of the investigations hiilierto undertaken 
ufibrd only approximations to tlie truth. The most 
accurate, perhaps, are those obtained by Juncker, who 
endeavored to determine the yield of charcoal from 
saiuj>le8 of diflerent kinds of wood, all about tliirty- 
two years old. The woods were weighed and charred 
in heaps of equal size, using all possible diligence in 
the operation ; and as soon as tiie charring was tinishod, 
and the product cooled, it was weighed immediatiJy, 
and before moisture could bo absorbed. I'ho weights 
taken afforded the annexed results : — 


is made at ii, and the warm gases are forced along 
tlie channel, A, by die fan, c ; those products of com- 
bustion spread through the heap, and heat the wood to 
the point of carbonization. Generally, the manage- 
ment of the pile is the same as when working in tlm 
ordinary way. Much difficulty is cx])ericnced in jiro- 
perly conducting the process to produce satisfactory 
results ; and frcijuently it happens tliat nothing but 
black charcoal remains. In the department of the 
Ardennes, where Bmelting is canied on, the waste 
heat from the furnaces is economized by making it 
carbonke the wood and convert it into red charcoal. 
The course adopted is to place the material in 
cylinders, conducting the healed gases of the furnace 
through them for a certain periml. By the heat thus 
communicated, the wood is made to sustain a loss 
varying from thirty to fifty per cent. When only 
thirty j>er cent, is lost, the substance is merely dried, 
and the heat must bo prolonged till the charring has 
reached to the proper limits, discerned by the color and 
weight of the body. It would appear tliat although 
there is generally an advantage in treating the wood 
thus, yet the red charcoal is very seldom homogeneous 
in composition. In tliis respect, the best results hitherto 
arrived at are those of Violette, who employed high 
pressure steam, having a temperature of about 672°. 

Charcoal, in whatever way it is prepared, is depcrnlcnt 
for its quality, as well as for the quantity, first u[)on 
the wood, and secondly upon the course of operations 
to which the latter is subjected. As to the foimer, the 
details already given of tJio composition of the diflerent 
kinds, will be sufficient to show, tliat tlic amount of 
carbon in a given weight or volume is greater in some 


Grwm red beech, cut in May, 1 832, 19 7 . . 0*6 

„ ,, „ „ wilhoutbark, 23'() . . 0-3 

llry red beech and oak, two years old, 24*(> . . 0-3 

Dry oak, two yearn old, and without bark, 2.0*7 . . 0*31 

Green oak, cut in May, 1832, 22*4 . . 0*3 

„ „ „ without bark,, . 21*2.. — 

„ tf with bark, 18*8 .. 1*0 

Erjual parts of barkless red beech and oak, cufl or. . /^.r 

in Jim., 1831, ond carbonized in Aug., 1831,.. ) *’ ’* 

Green red be-ech with bark, ciiarrcd’immedialely, 12*9 , . 0’3 
Green oak iinuiediatcdy charred, 13*5 . . 0*4 

The first five experiments were made in August, a 
season most favorable to the charring, and the others 
in January, a time less propitious ; but when it is con 
sidered that the amount of water in the woods at the 
period of carbonization was loft undetermined, and that 
this exercises a powerful action upon the charred sub- 
stance, diminishing considerably the product, it is 
evident, from what has lieeii previously said, that some- 
thing is wanting to render the results conclusive. 

IicBearcho.s of a similar nature undertaken at Eisle- 
hen, whore the operation of charring was effected in 
piles thirty feet in diameter, afforded the subjoined 
numbers: — 

ContevtmaUy. 


Fnun Oiik-w'ood in split logs,. 

,, J{<m 1 Itoorh, 

M Birch, 

„ B(*uch, 

71 Bine, 


Other experiments with the same object have given, 
by the meiler process, results varying from twenty to 
twenty-eight per cent., and averaging twenty-three per 
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cent of the wood taken, whilst the produce of the kilns 
in the same quarters has been shown to bo only a mean of 
about twenty-six per cent. ; and this, w^hen the quantity 
consumed in the operation is deducted, leaves only about 
twenty*two per cent., or rather less than that afforded 
by the ordinai'y process. It must bo remarked, however, 
that the iheiler yield was in tlicse cases an exception to 
their general produce, which is found much lower than 
the numbers so given, even when thick wood is operated 
upon; and the proportion is much further decreased 
when small wood is charred in them. It is a well- 
known fact, however, that none of the methods give, 
in the form of cliarcoal, more than two-fifths of the 
real amount of carbon in the dry wood. Accord- 
ing to Eoelmen, this loss is occasioned not entirely 
by tlie products of the distillation carrying off portions 
of it in combination, but by tlio direct combustion 
of the cliarcoal in an incandescent state, caused inci- 
dentally by the oxygen of tlie air passing through it, 
and converting it into carbonic acid and carbonic oxide. 
This he proved by the comparative analysis of the 
vapors from the temporary chimneys in the meiler, and 
of those developed in close vessels, where contact of 
the firo was entirely excluded. Of course, if the por- 
tion of carbonic acid which must necessarily be gene- 
rated is permitted to traverse tlie incandescent charcoal, 
it will suffer decomposition at that temperature, and as 
much more carbon as it contained will bo assimilated 
and lost to the charcoal-maker, tlie whole passing off 
in the form of carbonic oxide. The charcoal-burner’s 
efforts should ])o directed to prevent this, by con- 
ducting the air which enters the moilor over the un- 
carbonizod wood ; and after it passes that part of 
the heap where combustion is active, withdrawing it 
by means of the temporary openings in the cover, over 
the portion yet undccomposed, so as to be out of the 
reach of the made charcoaL It is almost impossible 
to effect this thoroughly, hut the efforts made with that 
view by thoso engaged in the business show that its 
im[)ort'incc is appreciated, and doubtless a remedy will 
soon bo found whu;h will render the process more effec- 
tual than it is at present. 

Quality op tuk Charcoal. — A few considerations 
may now bo submitted with refcrcnco to the quality of 
the charcoaL Independently of tlio fact of the densest 
being the best, it happens that during the making it 
may bo deteriorated, either by imperfect charring, or 
by pushing tho process beyond the proper limits. In 
the former case the product is not good, on account of 
the gaseous elements which it retains, and which being 
disengaged in its subsequent application as fuel, render 
it less efficient for pyoduoing a high temperature ; in 
tho latter case it beoamea so brittle as to bo incapable 
of being handled without falling to powder : and tho 
same crumbling occurs in the smelting furnace, where 
it is more injurious. 

Good charcoal is very dark, possesses a bright 
lustre and somewhat conchoidal fracture ; it resists 
gradual {sressure to a considerable extent, and produces 
a sbaip sonorous sound when allowed to fall upon a 
hard body. It should bum when ignited without 
cither flame or smoke, and when handled no stain 
ought to remain. Although in bulk it floats in water, 


owing to tho orrangemj^^;^^ 
gravity, when ground ^ ^ 
much higher than that of tho 

carbon of which it chiefly consists, a amount 

of oxygen, hydrogen, and other gases is found in itj 
together witli tho mineral matter of the wood. The 
greater or less proportion of the former affects its 
calorific power, and renders it more or less eligible for 
certain uses in the arts. 

Tlie following analyses of two samples of charcoal 
prepared by the meiler system, show the quantity of tho 
different ingredients remaining, even after the charring 
has boon carried to its utmost limits : — 

Contcsimally rnprefirntf'il. 



Yuuiif^ Ouk 

the ABpuu. 

Carbon, 

. ... 87*68 

... 87*22 

IIytlrog<‘n, 

. ... 2*8:i 

... 3*20 

Cxygcu, 

6*43 

... 8*72 

Ash, 

3*00 

, . . . 0*86 


100-00 

100*00 

Lo?b by dielillalion, 

.... 13*02 

17*07 


iJcd charcoal retains a somewhat larger quantity of 
the above gases, than the product of the meiler or tlie 
close retort. The following table embodies the results 
of M. Violette’s analyses of the charcoal prepared 
by the action of superheated steam, according to his 
process : — 


Eleiniintary < nufttitiKion Oentevlntnlly 
KupiuBcutmi 


Siirolcn of Chiircoul. | 

1 

Corbon 

IIydrog:iiu. 

Oxjm'Ui 

and Lost* 


B'urze, 

76-621) 

4*108 

17*975 

1-288 

Iron wood, 

72*r)r)4 

4*.527 

12*510 

0-399 

Cork, 

72*362 

8-.528 

19-110 


Jnniper, 

71*4.33 

5-07.3 

23*321 

o-r7o 

Wild pine-tree, 

71 -. 3:18 

5-948 

22-194 

0*500 

Hawthorn, 

70' 703 

4*413 

23-419 

1-345 

Palm-tree, 

70*724 

4*552 

23 494 

1-230 

Ash 

70*.3l)5 

4*.539 

24-374 

0-692 

Maple, 

70*069 

4*613 

24-892 

0-4-25 

CUierry-trec, 

70*028 

3*928 

25-289 

0*755 

Lime-tree, 

69*82!) 

5*452 

23*024 

1-C95 

yew, 

69*(‘i20 

5-864 

24*212 

0-304 

Sycamore — mai)lc, 

69*229 

4 402 

25-133 

1-2.36 

Medlar, 

69*209 

4*613 

25*261 

0*887 

Chestimt-tree, 

69*127 

4 -.326 

27-126 

0-421 

Willow 

68-900 

5*1.33 

24-634 

1-333 

Yokt?-elin, 

68-8.3.') 

4*142 

26-382 

0*641 

Po}>lar — trunk, 

68-741 

4 -866 

25*540 

0*853 

Coco-tree, 

68*268 

( 4*053 

23-984 

3-695 

Holly oak, 

68*,V21 

4*741 

25-891 

0*847 

Aspen, 

68- 169 

5*512 

25*730 

0-589 

Ebony, 

68*047 

3*868 

28*380 

0*205 

Oak, 

67*421 

4*099 

28-480 

0*200 

Poplar — root, 

67*020 

5*217 

26*675 

1-088 

Elm, 

66*862 

4 609 

28*181 

0*288 

Plum tree, 

66*118 

5*756 

27*530 

0-596 

Pear-tree, ! 

65-924 

.5*310 

28-244 

0*522 

Hem])-Rtalks, 

02-1*27 

4*976 

31-501 

1-396 

Wheat-straw, i 

1 61 090 

4*365 

34-786 

0-759 

Leaves — poplar-tri*e, . . . ! 

52*514 

4*819 

41-289 

1-388 


In this table considerable difference in the yield of 
carbon is apparent ; but as the siunples wore prepared 
by the apf)licatioii of the same temperature, it js evi- 
dent that tlie inequality must he owing to a difference 
in the principles contained in thorn, and to the greater 
or less difficulty with which they are decomposed. It 
must be remembered, however, that tho woods them- ‘ 
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do Dot coutaiu tiie same amount of carbon, 
iho water and ligneous matter the same in all, 
pato'featfy the approximation of the results of analysis 
would be closer. The quantity of inorganic salts in the 
various samples is very small, much less so tlian one 
might suppose, considering that wood containing about 
twenty per cent, of moisture gives from one-tliird to 
one per cent., all of which is retained in the charcoal 
produced from it, generally amounting to about twenty 
per cent. The following results obtained by Winkler 
arc, therefore, more in accordance with what might be 
expected : — 

Ai$li ('cntriDiinitTTy. 

Lime-wood charcoal, 

Mai.le, 2*27 

AnIi, 2-27 

IClin, 2-17 

Willow, I'JjO 


Fir, 

Piny, 

J’“phir, 



Scotch fir-wood,. 

Birch,. 

Oak, 


White beech charcoal, 0 

Ash, 4 

Oak, 4- 

Birch, 4* 

Lai ch, 4 ■ 

Maple, 4 

ritjp, fj- 

Ked hp(‘cli ch.ircotil, Ft- 

HorHC-chehliiut, Cv 

EJm, 0 

Alder, 7 

Scotch flr, 8- 

Willow, 8 

Italian pojdar, 8 

Fir 8 

Black poplar, IG 


amount of contained moisturo, us tlie charcoal had not 
been taken immediately from the mciler, so tiiat it 
might have already absorbed from three to four parts 
of water, as the former table shows. 

The lower tlio temperature at which the carboniza- 
tion has been cQcctod, the proportion of water is greater. 
The results of Violette’s experiments on this subject 
are given below. The samples, consisting of charcoal 
from black alder, prepared at increasing temperatures, 
were exposed in a room, the air of which was saturated 
with moisture, and the amount of absorption doterminetl 
every eight days, no mimbers being taken till the results 
of two Bucccfsive trials agreed — 


Ciir1ii>iii/;ntM>ii by 10i» of rhurc 

(•'dlir 

302 20'8G2 

320 18'220 

338 18-180 

33G IG-llGO 

374 11-02G 

302 B)-018 


Quantity of water Toirpt-aturo 

ubKO ’io»i ot 

by lOif ufehurconi rarijocii/iihoii 
iVm' Fitlii' 


Quantity of watar 
iibN»rb««t 

by luu of chorcouL 


rt:>4 C-920 

7'G08 

f;00 7-200 

Gl)8 5*f>54 

G2G 4-fj04 

Gil 5*904 


Many varieties alTord as much as five and even ten 
per cent, more, especially if the wood has been grown 
upon silicious soils. 

A remarkable proporiy of charcoal is, that it absorbs 
with avidity gast's and vapors, condeiising^them within 
its pores to a most surprising extent, as shown in Vol. 
L, p. 7G4. In consequence of this property, it cannot 
be exposed to moist air for any length of time, without 
exerting a hygroscopic action, and assimilating a vari- 
able per centage of water, in proportion to the time of 
exposure and the humidity of the aiinos[)horo. From 
experiments made with freshly prepared charcoal, Nau 
obtained the subjoined numl>ers after exposing the 
samples twenty-four hours to an atmosphere loaded 
witli moisture: — I 


ADioiitit of water ril)srtrbe<J 
III twenty-four Imuiii 
Cuuti’iiiuiiilly rupi unuiiUd. 

0-80 

4 -or, 

4-28 

4-40 

4-50 

4 KO 

5-11 

.... 5-30 

6-ot; 

G f;o 

... . 7-‘Kl 

8-20 

8-20 

8-:>o 

8-yo 

lG-30 


Tliis proportion slowly increases when the exposure 
is prolonged, as proved by Werijsch, who found tliat 
one hundred parts of cliarcoal, weighed on the 24th of 
June, became — 

On the 30th oi June, 104-35 

„ 7th of July, 105-G3 

„ 10th „ 100-57 

„ 20th „ 107C2 

„ 20th of August, 108- m 

„ I7th of Stfptoniber, 108*44 

These numbers do not indicate, however, the actual 


To account for the very high numbers with which 
the table commences, it is to bo observed that the pro- 
duct resulting from tlio low degrees of temperature was 
not more than half-burned charcoal, licncc its propor- 
tionally greater hygroscopic power. 

The density of charcoal depends chiefly on that of 
the wood; hence it is evident that the relative wxdght 
of the wood will afibrd a good idea of tlie nature of the 
cliarcoal produced from it. This fact is of much im- 
portance, as the value of the material for fuel may, (o 
a considerable extent, be deduced from its specific 
gravity. Tlie value of tliis, for several 8pcci(?s of wood, 
as determined by Hassenfratz, is as follows : — 

Siwclilo gravity, 


Bii ch wood rharcoal, 

A'di, 

0-203 

. . . , 0-200 

Wild servioc wood, 

0*1 !U» 

lu'd b('0t'h, 

0*187 

Whito bpocli, 

0*183 

Kirn, 

0*180 

b'ou fir, 

0*170 

Mfiplf, 

0*104 

Oak, 

0-L55 

iVar, 

0*152 

Alder, 

0*134 

Liiric, 

0*100 


These numbeis, however, merely indicate the weight of 
various samples wlien the in|erstiiCeB have been filled 
with air, and, therefore, do not ropresont Uio true gravity. 
In the appended table, the real specific gravity as deter- 
mined by ViOLETTE is given. The course which the 
latter adopted was to immerse the sample, already 
weighed in air, in a flask tlirce-quartcrs full of distilled 
water, allowing it to remain exposed to light for eight 
or ton days; by filling the flask at the end of this 
period to tlic usual mark, and then determining the 
total weight, and from this deducting that ot the flask 
and liquid, the diflerence by the usual formula gave the 
specific grarity: — 
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A 


VEmm OP TUB On^ROOAL of black AlilJEE riiEPARBD 
AT INCKEABlKa TEMPKUATUEEB. 


Hont af Deuilty of 

eurbiitilxntlon. obnrooal. 

Vog. Pultr. 

.302 1 *507 

Haaf of Dmnlty of 

cnrltoiilxation chareoaL 

Doff. PaUr. 

626 1*428 

.qSft 1*490 1 

662 1*600 

374 1*470 

810 1*709 

410 ' .. l-4.'57 

1873 , 1*841 

440 1-416 

482 1*413 

618 1*402 

564 1*406 

690 1*422 

2282 1*862 

2732 1-8G9 

“TK!,"}- 


The density in this case is therefore gi’oater than that 
of water, but still it varies to a certain extent with the 
temperature at which the substance lias been prepared ; 
thus the charcoal obtained between the tomperaxurcs 
302® and 618® Fahr. decreases in density from 1‘507 to 
1'402; wliile, on the contrary, that which is afforded 
between 518® and 662^ increases from 1*402 to 1*500; 
and from this point the density continues to increase, 
till, at the fusing })oint of the vessel, it becomes double 
that of water. 

Before proceeding to the otlier materials which con- 
stitute fuel, a few observations may bo made on the 
power of charcoal to conduct heat, and the facility 
witli which it undergoes combustion. 

It is a well-known fact that the product resulting 
from a high tcm])eruturo, or in other words, black 
charcoal, is a much better conductor of caloric than 
that formed und(jr the influence of a lower heat; it 
requires also a higher temperature to ignite it; but 
when this is effect(id, and an adequate supply of oxygen 
is kept up, the combustion 
rig. 37. * proceeds steadily, and the 

iioat given oft is regular and 
sustained. Considerable difti- 
culty is found in making 
accurate determinations of 
the conducting power of char- 
coal. The ingenious method 
of M, ViOLETTE deserves 
particular notice, as it allbrds 
in a simple manner the con- 
ducting power of this sub- 
stance, and may, by a slight 
adaptation, be rendered avail- 
able for deteriniiiiug ques- 
tions of importance concern- 
ing the j)hilosophy of heat in 
bodies. 

Fig. 37 shows the arrange- 
ment of the apparatus, in 
which A represents a glass 
flask half filled with water 
and heated by a lamp; this 
connected with another 
Oilv glass cylinder, ii, closed by 
tightly liuing bungs, by means 
of a glass tube, k. In the 
superior cork or cap of the 
tube, n, is an opening which 

JSHBBl— receives a third tube, i>, 

nearly filled with mercury, in whicn is immersed the 
sample of charcoal, the conducting power of which is 
VOL. Ji. 


to be determined. This is seen m tiie 
and in its upper end there is made « for 

the reception of a small mercuric thept^seter, f, 
for the purpose of registering the rays of caloric 
conducted by it. The entire length of the sample, 
in the experiments made by the inventor of Uie 
apparatus, was 0 984 of an inch, of which 0*236 of 
an inch was immersed in the mercury; 0*196 of an 
inch of the sample intervened between tlie latter and 
the bulb of the thermometer. The source of the hoat 
was tlie steam circulating in the vessel, B, and escaping 
through the outlet, c. A portion of the caloric of the 
vapor was abstracted by the mercury, so that it was 
retained at about 204*8° Fahr. The numbers given 
in the annexed table were obtained by noting the 
register of the thermometer at intervals of five minutes 
till the indication remained stationary : this happened 
after fifteen minutes’ immersion. By employing a bar 
of iron of the same dimensions as tliat of the charcoal, 
and introducing tlie bulb of the thermometer in a like 
maimer, a comparison was instituted between the char- 
coal and this substance of knoAvn power of conduction. 


CONDUenNO POWEE OP CHAKCOAL OP THF. SAME WOOD- 
BLACK ALDER— -PBEPAUED AT INCREASINQ TEMPERATURES 


Teiniioruture 

Iiidicailoxi of tlio Tliennometor. 

Cooduotlitt 

power of 
ChoreoAl 
votriporort 
with Unit uf 
Iron repre- 
iviiUnI by 
luu 

Of Uie caibonlxatiou. | 

Afar /i 1 Aftrr 10 
lulnutes. 1 uiiuutM 

After 15 
uiiudlex 

316“ Fahr. 

27*00 

66*00 

57*0 

57“5 

69*5 

392 “ 

27-00 

67*00 

57*5 

68*0 

60*1 

482 “ 

27*00 

67 -50 

67*6 

58 0 

C0*J 

672 “ 

27*00 

68*00 

69*0 

69-6 

61*6 

1873 “ 

26*60 

61-00 

02*0 

62*0 

64*2 

2282 “ 

26*50 

62*00 

62*60 

63*0 

65*2 

2732 “ 

26 00 

03*00 

63-5 

64*0 

66-3 

Charcoal of gas 

26*00 

81*00 

82*0 

82*0 

84*7 

rcioi t». 

22*00 

96-60 

96*5 

96*5 

100*0 


The numbers in the last column were obtained by 
multiplying those of the preceding one by 1-030. Be- 
tween the temperatures 572° and 752° the conduct- 
ing ]>ower is low, and is nearly the same in the wood 
and the charcoal produced from it ; but when the heat 
is elevated, tlie density of the charcoal incrcasec. 
rapidly, till it is about two-thirds that of iron. 

Regarding the combustion of charcoal, it will be 
observed, upon taking pieces of it, produced by 
different modes of working or by unequal degrees of 
heat — plunging one end of each in the flame of alcohol 
till ignited, and then allowing it to rest in tranquil 
air — that very different phenomena will be exhibited 
in the combustion. The charcoal made at low tem- 
jieraturcs, say between 302® and 482° Fahr., burns 
with a long yellow flame, disengaging large volumes of 
smoko, and retaining the temperature of combustion 
for about fifteen minutes, at the end of which time the 
cylinder will have burned about half an iucli. On the 
other hand, if the wood has been submitted during 
carbonization to a beat between 482® and 809°, the 
combustion of the charcoal under the same circum- 
stances is characterized by a clearer flame, which is 
less fuliginous and persistent, and by being-continued 
for a longer time, more especially with those suuipioa 
prepared between 482° and 662®. The charcoal pre- 

G 
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pared at 809® does not bum so well as any of tlio 
samplee obtained at a lower heat^ nor does the ignition 
continue so long. When the carbonization is eifccted 
at the higher degroos represented in tlie foregoing 
table, the cylinder of charcoal, on being introduced 
into the flame, becomes roddiot like a bar of metal, 
affording no flame, and is extinguished immediately 
oa withdrawing it, without giving any indication of 
combustion or leaving a coating of ash. In this last 
case, the fingers are unable to hold the cylinder whilst 
its end is in the flame for any length of time, in conse- 
quence of the freedom with which it conducts the heat. 

All the preceding samples, when reduced to powder, 
present the same phenomena with respect to comhus- 
fion as when in solid pieces, only with greater intensity, 
because, on account of the air interposed, the ignition 
is easily propagated and maintained. When, however, 
the experiment is conducted in a very tranquil atmo- 
sphere, tlie burning ceases after a part is consumod. 
This effect must doubtless bo owing to the carbonic 
acid, which, being heavier than common air, docs not 
ascend with suifficient freedom to permit the oxygen of 
the latter to come in contact with the burning matter. 

In many manufactories where this article is rcipiircd 
in powder, great care must be exercised, as it often 
happens that spontaneous combustion takes jdace. 
The most inflammable charcoals take fire at 
and those that are prepared at the latter heat invari- 
ably ignite at a temperature varying from G80'’ to 7K°, 
according to the nature of the wood. Charcoal, from 
light and porous woods, always burns more freely than 
that obtained from the hard and dense kinds ; but even 
the same wood furiiislies charcoal that ignites with 
greater or less facility according to the temperature at 
wliich it has been prepared, as may be seen from the 
following table : — 

TAime BIIOWINO 'J’lIE TEMrEKATtJlIE AT WHICHTnE niARCOAL, 
FUOM THE SAME WCOD, PKEI-AKED AT INCKKAHIN(» 
TEMl'EaATUKES, JJUKNS. 

rhprrfng' 0 nt riiitniufr TemyKTAfure at 

Avhidi tli<' ( liAicnal tvnipera- wli]'-li Iho rhareoal 

ture takoatlic. turo, Uik.1,8 Are. 

rou* 614 ]N7:n 

SVSt 2->x-J 


TcinyKTafurc at 

I ho ohareoal 
Uik.1,8 flre. 


f»l 8 \ 

5:mj 

TiMl 

f>72 

r >{)0 


.Gi4 to C80 


.1122 to M72 


Clinrcoal prcn«iro<l an 

602 liic point ol ll)p. fn- v2282 
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Other particulars conceniing charcoal, so far as re- 
lates to the manufacture of gunpowder, will be intro- 
duced under that head. 

Peat. — A nother article of fuel, much employed for 
domestic purposes, as well as for many manufactures, 
in which it has lately found admittance, is Peat, Such 
is the name by which tlie brownisli-black spongy sub- 
stance, found in almost every country, filling up cavities, 
and constituting what is termed hog^ is known. It is a 
product of vegetal origin, but diflering from wo(J as 
well in the nature of the growth, as from the change 
which it has undergone atomically tlirough the com- 
bined agency of time and pressure. It was once sup- 
posed that this formation was, in point of time, coeval 


with the disposition of the face of the country into 
hills and valleys ; by some it was considered a bitu- 
minous deposit from the sea — the wreck of floating 
islands previous to the great convulsions which the 
earth underwent during the formation of the present 
continents and islands. By others it was even regarded 
as an organic substance in a state of vitality, and actually 
growing ; but all these notions are now abandoned, and 
! a more rational and philosophical view of its nature and 
production has been an'ived at. From examining its 
structure, it has been found that it is constituted of 
vegetal matters, generally mosses and species of aquatic 
plants in different stages of decomposition ; and from 
this circuni stance, as well as from the general appear- 
ance of tlie localities where peat abounds, its formation 
is now accounted for in the following manner : — 

At the present day it may bo observed, that where 
pools collect, the soil under which is retentive, the 
; water not being absorbed, stjignates, and, provided 
tbo surface evaporation is not great, fomis a pond. 
IiouiiJ the borders of this, various kinds of aquatic 
plants, sedges, rushes, r£ cetera^ soon make their ap- 
j)earancc, and by reproduction, gradually creep in to- 
wards the centre till tbo whole surface becomes covered. 
In course of time, when several r«aceB of these have suc- 
ceeded one another, and mud and slime have accumu- 
lated at the roots and njuiid the decaying stems, a 
spongy mass results, which is well calculated for the 
projJHgatiou of moss. Under a consluiit BU{)ply of mois- 
ture, these various species contiuuo to luxuriate, and, 
by progressive growth and eremucausis, ultimately give 
rise to a composition in every respect similar to that 
constituting the various peut-bogs. That some such 
natural process has been tbo cause of the produclion 
of peat appears from its composition and the localities 
in which it is found. These arc chiefly in the tcmi- 
perate zones, where evaporation is slow, and the atmo- 
sphere is gonerall}^ more or less satiu'ated with humi- 
dity. It may be conceived that ija the origin of llieso 
formations, the retention of the water, whether from 
rain or springs, in extensive basins, led at first to tluj 
development of vegeUil growth in the manner above 
indicated, and tliat the necessary njoisture being snj)- 
plicd ill abundance, the accumulation became so rapid, 
that ultimately the surface assumed tlie appearance of 
land ; and, as decomposition proceeded, a degree of 
solidity was given to the mass to snjiport denser bodies, 
such as shrubby plants. It would api)oar that this 
organic growtli was rarely restricted to the original 
I basin ; but that, as it accumulated, it spread over adja- 
cent land, which, in time, became It morass. Evidence 
conclusive enough of this exists fe the fact, that whole 
forests, of almost every description, such as oaks, firs, 
ash, birch, }'cw, willow, et cetera^ have been over- 
whelmed under its gradual but steady advancement, 
and arc found in all positions at the bottom of peat- 
bogs. Generally, tliis formation is met with in climates 
of a moist nature, in level countries, wliero imperfect 
natural drainage exists, although it is found in con- 
siderable beds in upland districts. The very extensive 
peat moors on the coasts of the German Ocean, esjio- 
cially in Holland and NoiHioru Germany, and in many 
tracts in Ireland and Scotland, are examples of the 
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former ; whilst the deposits encountered high up the 
Alps, in the Vosges, and in the Jura, illustrate the 
latter. Li mountainous districts, in addition to the 
imperviousness of the rock to tlie moisture, the con- 
stant fonnation of clouds upon those elevated regions 
favors the growth of the mosses and plants, the de- 
composition of which contributes to the production of 
quagmires. 

Dakwin states that, in the Southern hemisphere, 
peat does not occur nearer to the equator than the lati- 
tude of 45° ; that the composition there met with results 
from the decomposition of tlie jdarits and grasses. The 
circumstance that no mosses, so far as can be ascer- 
tained by strict examination, enter into the species of 
peat found in South America, favors this view. 

The extent and depth of the peat-bogs vary consider- 
ably in tlie different countries where tlvey are found, and 
d(;pcnd on circumstances quite distinct from each other. 
It is evident that the area whicli they may occupy is 
intimately connected with the distribution of the w'ator, 
from whatever causes. In Holland and North Ger- 
many, the water of the ocean seems to have largely 
contributed to the moisture in which they originated. 
The peat-moors of the Grand-ducliy of llesse would 
appear to bo occosioned by the overflow of the lihiric, 
whereby these tracts wort} irrigated, and the waters re- 
maining, and necessarily becoming stagnant, tbe place 
was soon changed, and, instead of remaining a swampy 
district, it ultimately became a morass. On the other 
hand, the thick iic.ss of the beds of peat, seems, from 
repeated observation, to be dependent upon the nature 
of the subsoil. AVhere tlie bottom is quartzoso, the 
deposit is invariably not very thick ; but if it be such 
as yields by disinlcgratioii a clayey coating, the depth 
and extent arc mueli more considerable. The morasses 
of Holland are to a considerable extent about six feet 
in depth, as are likewse those in upland situations; 
whilst many of the peat bogs in Ireland are from thirty 
to forty feet in depth. On intcrsectiug these, it appears 
from the fact of of .gravel, clay, shells, et cdtTa^ 

biung interposed horizontally, that these tracts have 
boon KW(‘pt over with violent currents of water ; such 
Iay('rs, how'cver, are never more than a few' feet in 
tliickncss, and, seem to have retained all the conditions 
favorable for the growth of the plants conducive to tJie 
formation of i»eat. 

From its physical constitution, this substance may be 
regarded as a kind of fossil fuel, and, undoubtedly, it 
is one of the most extensive sources knowm. Viewing 
it as the product of tlie decomposition of plants carried 
on tlirougU a long succession of ages up to the present, 
it is natural to expect that when cut vertically, differ- 
ences should appear showing tlio advancing state of 
decomposition. In every instance, almost, this pro- 
gressive change is exhibited, and, consequently, peat Is 
classed Into — 

ikeent Peat and Older Peat^ from the apj>oarance it 
prcBonts. The former bears dislinclivo traces of its 
origin in the roots, leaves, and stems of plants, the 
structure of which is still retained. It is very porous, 
tough, and clastic in some tracts ; but in others, espe- 
cially where tlie bog is well drained, very brittle. The 
color varies, with the age and the progi’css of the do- 
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composition, from a light to a |Kackicdi4>t0wn. M the 
second, to which the. preceding 
traces of flbrous matters— such as roots> fitama, or 
leaves — are observed, but it presents when cut a 
pitchy shining hue — is dense and fine in the grain. 
Preference has always been acceded to this as a fiiel 
from its superior gravity, and the greater heat whicli it 
produces when undergoing combustion. From the 
change which the vcgetals pass through, it is evident, 
that the usual process of putrefaction is carried on in, 
the ordinary way at the commencement ; but as the 
surface grows, and contact with the air is cut off, the 
mass is left to the play of the affinity of its elements, 
rendered more active by the pressure which it has to 
sustain. The alteration is attended with the evolution 
of marsh gas — hihydride of carbon C 11^^ — and carbonic 
acid, in the same way as in every case of partial destruc- 
tive distillation ; but from the excess of moisture pre- 
sent, it is evident that this action cannot, in the case 
of peat, be so complete as in coal, 'which is analogous 
in nature. Many bodies are detected in peat, however, 
which are not contained in coal, although the ultimate 
elements of both are the same. Si'KENGEl detected 
in peat considerable quantities of ulmic acid — ^knowm 
also by the names ulrnm^ humus^ gein^ and gek acid — 
the composition of which, as obtained from turf, is 
expressed by the formula 0^^ N ; and when 

procured from mould, by H,p N. This principle 
is dissolved out by alkalies, and precipitated from their 
solutions by acids in brownish flakes ; Uiis, however, as 
also the other varieties of resins examined by Mui-DEU, 
are of little nso hitherto in the arts. 

The density of peat varies with the relative position 
in which it is found, with the thickness of the stratum, 
and the amount of mineral matters which it contains. 
Freshly cut, it is saturated with water to the extent of 
eighty to ninety per cent, in some cases, and, when 
subjected to the ordinary process of air-drying, it re- 
tains a large quantity of tJiis, amounting sometimes to 
tliirty per cent. 

The estimation of the gravity in this state wouM 
lead only to relative ap])roxirnafioiis, even if the per 
rentage of moisture was known, and the species ex- 
amined had undergone about the same degree of de- 
comj)Osition. As already intimated, however, the 
latter principally determines the diflerence of specific 
weight in peat from the same cuttitig. Karma nsii 
arrived at tlie following results with regard to Hano- 
verian peat ; — 

SjiociM Spedflo 

1. Light-colored young grass peat, nearly 

chanpod ^rlo^8, f 

2. Young hrownibh-hlttck peat — an earthy uia-1 

trix intersected with roots, / 

3. Old earthy peat without any liorous texture, 0*564 to 0-902 

4. Old or pitch peat, 0-639 to 1-039 

Of twenty-seven samples of peat examined by Sir 
Robert Kane and Dr, W. K. Sullivan, the results, 
as staled in their report in 1851, show that the maxi- 
mum density was 1 058, and the minimum 0’236, a 
great many being under 0*f500, as may be seen from 
the following tabulation of their gravities, coupled with 
tlie constituents of the ash, to which reference will bo 
made further on : — 


specific gravity, 


Magnesia, 

Alumina, 

Scsqnioxide of iron, 

Flioaphoric acid, 

Sulphuric acid, 

Hydrochloric acid, 

Snica in compounds decomposable 


Sand and silicates undccomposable 
hv acids 


Specific gravity, 
Potaasa 


Alumina, 

Sesquioxide of iron, 

Phosphoric acid, 

Sulphuric acid, 

ITydrochloric acid, 

Silica in compounds decomposable 


Sand and silicates undccomposable 

by acids, 

Carbonic acid 


Specific gravity, 

Potassa 


So 
Lii 

Magnesia, 

Alumina, 

Sesquioxide of iron, 

Phosphoric acid, 

Sulphuric acid, 

Ilvdrochloric acid, 

Silica in compounds decomposable 


Sand and silicates undccomposubl 

by acids, 

Caroonic acid, 


CoMFoamoN of Peat-ash. 


0-297 1 0*405 0*609 0-450 0*351 0*601 .0*335 


0*362 

1-427 

26*113 3 


0*211 

0*247 

0*651 

0*496 

29*716 

24*944 

1*204 

1*285 

0*298 

0*360 

20*372 

19-405 

1*066 

0*242 

22*664 

10*742 

0*439 

0*335 

0*045 

1*082 

11*180 

26*789 

10*782 

13*890 


99*488 99*654 99*120 


X. 

XI. 

XII. 

XI II. 

XIV. 

0*431 

0*984 

0-681 

0-523 

0*274 


14*322 

18* 

."•00 

18*;i00 

0*8*28 

0- 

744 

i*;ioo 

25*409 

13* 

5.50 

23*505 


99 C93 99*678 99*218 100 074 100*030 99*993 99*653 99*979 99*309 


XXII XXllI XXIV XXV. 

0*280 0*516 0-855 0*102 1 0*441 


17-711 22-721 

1*220 .... 


The carbonic acid found in the above analyses is, in nearly every instance, much less than what is required to saturate the 
lime, siipposing the whole of the sulphuric acid to exist as sulphate of lime ; thus is accounted for by the high temperature 
necessary to incinerate the peat, having driven off the greater part of the carbonic acid. 

I. — Light, spongy, snrface-pcat, of a reddish-brown color, and composed almost entirely of Sj^LagnurHf species of Which ore 
still distinguishable ; from near Monastrevin. 

II. — Ught surface-peat, of a reddish-brow color, containing small roots of Eritkt^ also leaves of grasses and Carex ; from 

Mount Lucus Bog, near Phillipstown, King's County, 

III. — Bather dense peat, of a dark reddish-brown color, in which the structure of mosa is still observable ; from the same 

locality as No. II. 

lY, — Light reddish-brown fibrous moss-peat, in which the Sph(tgnum is almost unaltered, as well as leaves of Carex and 
other plants, and the roots of species of Erica; from Twickiievin, Kildare. 

V.— IJpiHsr layer of fibrous red bog, composed entirely of Spliagnum, Hypnum^ and other mosses ; from Derrymullen Station 
of the Irish Amelioration Society. 

VL — Dense peat, of a black-brown color, in which vegetal structure is nearly obliterated, but in which the leaves of grasses 
and Oarex^ with twigs of hazel and birch, are sometimes found ; from Wood of Allen, Great Thuahoo Bog. 
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VII.— 'Light surface-peat, of a pale ycUowish-hrown ; from Wood of Allen. The fa opeit'i^va^ and la 

this sample, and JSj^uignutn and Ugpnum are readily distinguisliable. 

VIII. — Middle layer of the same bog, of a deop-reddish color. The masB is tolerably cotnpaot, but Dbroue, jhav^g the stnio* 
ture of the mass very indistinct. A very few roots of Anca, and small twigs of birch and alder^ and hr ^les are 
found in it. 

IX. — Lower layer of the same bog. and from the same locality. This variety is compact and dense, of a deep blackish- 
brown color, with an eartliy almost conchoidal fracture, and exhibiting a resinous lustre when rubbed. Vegetal 
structure nearly obliterated. 

X. — Oood compact peat, of a blackish-brown color, and consisting principally of moss, with a nutnber of EHca and grass ^ 
roots and Carex. This sample is from Riversdale Bog, near Kimegad, and is used as fuel in Dublin. 

XI. — An extremely hard and compact peat, having the vegetal structure entirely obliterated, and exhibiting when broken 

a resinous conchoidal fracture. Seales of fir-trees and twigs of birch and alder, et cetera^ occur in it ; it is a valu- ' 
able fuel. Locality — Riversdale Hog, near Kimegad. 

XTt. — Very dense, dark, reddish-brown peat, from Anodnice and Gloncrcira, on the Royal Canal. In this peat the vegetal 
structure is only occasionally perceptible. 

XIII. — Ratlier dense peat, of a dark reddish-brown color and compact structure, from bogs of Ralbconncll, Wood Down, and 

Great Down, near Mullingar. SjJiagnum indistinct, but leaves of the flag and stems and roots of Erica occur in a 
very perfect state in it. 

XIV. — Upper layer of a fibrous bog in the neighborhood of Bannglier. It is a spongy mass, of a yellowish-red color, com- 

posed of almost unaltered JSpfuignum^ with occasional roots of Care-x^ Erica^ et cetera. 

XV. — Rather comj)act i)eat. of a reddish-brown color, from the same locality as the preceding sample. In this kind, vegetal 
structure is vcTy ]>erceptible, although undistinguishable ; tho roots of the Erica are abundant, but the greater part 
is evidently derived from moss. 

XVI. — A more com]»ac(. j>cat than No. XV., from the same bogs, consisting of fibrous or red bog, of a light reddish-brown 
color. Like the foregoing, the species is indiscernible in this, although organic structure is viaiblo. Roots and 
leaves of Carex are exceedingly abundant in it. 

XVII.— Light Bui-fiicc-pcat, of a pale rcddii^h-hiown color, from the hogs of Clonfert and Kilmorc, at the month of the Suck, 
near Banaghcr. Tho mass is spongy, .and is composed of almost unaltered Sj^gnum^ with a few stems and roots 
of Erica. . 

XVIII. — Peat from the same locality. It is rather compact but fibrous, and of a light reddish-brown color passing into black. 

XIX, — An exceedingly dense peat, of a conehoidal earthy fiacture, from Athlono bog. In this tho vegetal stnicturo is almost I 
completely destroyed; but when apparent, indicates remains of Carex^ grasses, and Erica in abundance. 

XX. — A rather dense i>eat, of a bluckish-brown color, in which the structure of moss is no longer visible, but abounding in 
remains of Carex^ grasses, and roots and stems of Erica; from the Curragh or Olonboume bogs near Shannon 
Bridge. 

XXI. — A dense i»cat, of a dark reddish brown color, from bogs along the Shannon, Remains of Carex and grasses are 
abundant in this variety, but SiAagnuu is very indistinct. It is used in steamers plying on the river. 

XXII. — A light fih)t)np peat, of a i eddish-brown color, formed evidently of a great number of plants, and in which the structure 
ol moss is very disiinct. Species of jSpfiagnum and llyptiam are observed, and also remains of Carex and grasses, 
the roots of J^rtca^ the bark of birch, and probably alder-twigs in abundance. It is from the same locality as No. 
XXL 

XXIII.— A very den'-e I'cat, of a blackish-brown color, of a compact though very indistinct structure. The remains of Carex 
are abundant, as also roots of Erica. It forms an excellent fuel. Locality the same a.s No. XXL 

XXIV.— A ^ory dense blackish-brown compact peat, from the same locality as No. XXL In this species, vegetal structure is 
almost obliterated. It has an earthy fracture, and is full of tho tubes of the bark of hazel, birch, and alder; occa- 
sionally scales of pine bark and leaves of Carex and grass are met in it. 

XXV. — A rather dense reddii-h-brown peat. The structure of this is indistinct, but altered Carex leaves and fragments of 
twigs and roots arc observed in it. Locality tho same as No. XXII. 

XXVI. — Rather compact and moderately dense i>eat, of a dark reddish-brown color. Rtinclure of moss almost obliterated. 

Fracture earthy. Abundance of leaves, stalks, and roots of grasres, Carex, et cetera. Same locality as No. XXII. 

XXVII. — A dense jet-black peat. Stnicture of moss completely destroyed. Fracture earthy, tending to conchoidal ; assuming 
resinous lustre when rubbed. Abundance of remains of Carex leaves, and a very few fragments of bark, apparently 
of liazcl. Same locality as No. XXII. 


From the results of tho ultimate analysis of dried 
it is observed that tho numbers which are foutid 
do not correspond with tho analysis of dried wood. The 
following analysers by Regjsault and Mulder show tho 
centesimal contents of carbon, hydrogen, and oxygen:— 


Lociilily. 

Vulcaire, 

Long, 

Champ do Feu,.. . 

Frionland, 

FrioHland, 

Holland, 


Carbon. 

/. 59-57 
1 60*40 
( 60-06 
1 60-89 

/eo-2i 
161*05 
fi9-42 .... 5-87 . . 
60-41 .... 5-87 .. 


OxyBpn. 

;}4'47 Regnault. 
3;>-fi4 Mulder. 
83-73 Regnault. 
32*90 Mulder. 
33*34 Regnault. 
32-.50 Mulder. 
..34*71 “ 

. . 34*02 “ 


69-27 .... 6-41 .... 35*35 “ 


Ilytlrogon. 

, 5*96 
. 5-86 
. 6*21 
. 6-21 
. 6*45 
. 6*45 


In these samples, tho numbers are calculated after 
deducting the ash. It is a well -ascertained fact that 
a greater or less quantity of nitrogen is invariably 
contained in peat, but this clement appears to have 
been overlooked in the preceding. To show the 
average extent of the contents of nitrogen, the fol- 
lowing analyses, selected from tho Dublin Journal 
of Industrial Progress^ so ably edited by Professor 
Sullivan, are submitted. The materials were taken 
from the same localities as mentioned in the forego- 
ing table ; but before subjecting them to analysis, they 
were thoroughly exsiccated at a temperature of 220* 
Fahrenheit : — 


Surface-peat, PhiBipatown, 

Denso peat* Do., 

Light surface-peat, Wood of Allen, .... 

Dense peat, Do., 

Surface-peat, Twicknevin, 

Light Rurfiace-peat, Shannon,. 

Dense poat, Do., 


Citrbon 

Hydrogen. 

Oxygon. 

Nitrogen, moAn. 

58*694 .. 

... 6-971 ... 

.. 32*883 .. 

.... i*4r)t4'i 


60*476 .. 

... 6*097 ... 

.. 32-546 .. 

.... 0*8806 


59*920 .. 

... 6*614 ... 

.. 32*207 .. 

.... 1-2588 


61*022 .. 

... 5*771 ... 

.. 32*400 .. 

. ... 0-8070 

• Kane and Bullivan. 

60*102 

... 6*723 ... 

.. 31*288 .. 

.... 1-8866 


60-018 .. 

... 6*875 ... 

.. 33*162 .. 

.... 0*9.545 


61-217 .. 

... 5*616 ... 

.. 31*446 .. 

.... 1*6904 
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Annezed aro further analyses referrmg to the same subject by Kane and Konalds : — 


Cftrbon. 

Kilbeggan, Westmeath, 61-040 

KilLaha, Clare, 56-630 

Cappogo, Kildare, 51-05 

Ocuta, in Eastern Kussia, 39-084 

Peat 4-5 feet from surface, Tuam, Ire-l R 7.007 

land, j 

« 3-5 feet “ 58-306 

4-5 feet “ ‘‘ 59-552 

Comparing these numbera with those afforded by dry 
wood, it would appear — viewing the peat as a com- 
pound of equal weights of water and carbon, and sup- 
posing that the oxygen in the wood is proportioned to 
the hydrogen to form water — that an excess of ten per 
cent, of carbon and two per cent, of hydrogen is con- 
tained in the peat over the quantity of these elements 
which wood affords, but the amount of water is re- 
duced ten per cent. This difference in the centesimal 
amount of the elements might have arisen from the 
decomposition which the matter of the peat has under- 
gone. 

Peat always contains earthy matters in greater or 


Oxygon. Kltrogon, 

30-47 ' ) 

34-48 UCano. 

30-55 j 

61-088 Woskressensky. 

28- 949 3-067"] 

29- 069 2-509 

28-414 1-716 J 

less proportion according to tlie thicbiess of the stra- 
tum and its position. Surface-peat generally contains 
less mineral matters than the second strata, which often 
possesses so much of these as to render it useless in 
point of economy as fuel. In tins, as well as from llie 
nature of those matters, it essentially differs from wood. 
These substances are left when the peat is consumed 
in contact with air in the form of ash, and, from the 
nature of the ingredients, it proseiits various appear- 
ances from white to grey and ochrey. The per ceniago 
of the ash left when peat is burned is given in the 
annexed table, which embraces almost every variety 
of this substance : — 


riydrogoa. 

. 6-670 . 
. 6-330 , 
. 6-850 . 
. 3-788 . 

. 6-655 . 

. 5-821 . 
. 5-502 . 


Variety of JVat 

Grass peat — browni'^li-ycliow, 

Pitch peat, 

Young jK-'ttt- - (lurk- brown, 

Old eariliy i>cat, 

illack tirm peat, from Neuukiinstcr, 

“ “ Siiidelfingcii, 

Brown loose peat, from Schweiiningcu, 

Very old peat, from Vulcairc, near Abbeville, 

“ “ Long, “ 

Peat not so old, from (jhainp do Feu, near Abbo\illo, 

“ from near Berlin, 1st stage, 

a (t 2d “ 

“ “ 3d “ 

Black old peat, from MbgUn, 

Young brown pent, 

Moor in Ekhfcld, 1st sort, 

“ ‘A1 “ 

“ 3d “ 

“ 4lh “ 

Ash in foify-one sorts, from the Er/gebdrge, 

“ three varieties, from Uolluud and Friesland, 

“ twenty-sevea varieties, from the central Bog of Allen in Ireland, 


three varieties, from the neighborhood of Tuam in the west of Ireland, 


** nine varieties, from Schnadilzer bog, near Scliwctnsal, in Saxony, 


A^h. 

1-0 — 1-5 

J-2 — 8-0 

fj.Q _ 7-0 

10-0 

2*2 

7 2 

2-3 

O-fS 

4-61 

5 -.15 

9-30 

10-20 

11*20 

14*40 

14*30 

21*50 

2.5*00 

30-50 

. . . . . . 33-00 

M>0 —24-0 
4 6 1 — 6-580 
f 1-1 20— 7-898 

nicnn 

2-b2 

fa-eos— 4-819 

mciin 

4*545 

f 5-300 — 37*10 

mtan 

18*47 


Observer. 

Karmarsh. 

Suersen. 

SchUbler. 


vltegnauU. 

vAcbard. 

I Liubof. 


Btichliolz. 

Winkler. 

Mulder. 


[Kano and 
C Sullivan. 

vllonaljs. 

twellner. 


Thus it will be seen, that in some of picsc varieties 
no less than one-third of the entire weight consists of 
incombustible substances, which, it is Jieedle.s3 to say, 
is too large a quantity, and prevents their being much 
employed as a source of heat. Such varieties arc, 
however, valuable as manm’es, owing to their contain- 
ing a large amount of jihosphates and other salts, that 
serve to enrich the soil. 

Very copious details of the composition of the ashes 
of most of the peats of Ireland have been given in a 
former table, at page 52, to which the reader is referred. 

Peat, when distilled in close vessels, gives off vari- 
ous products similar to those which wood affords, be- 
sides ammonia, and some bodies of a fatty nature, 
which aro m\ich in demand in many departments 
of the industrial arts. In its natural state it is highly 


anli8ej)tic, to which may bo attributed tlio long period 
whicli is required before the traces of the substances 
originating it are effaced. This quality has been 
furtlier proved by the wood which is fottnd without 
being in the least injured, although buried thirty feet 
deep in it for centuries. Not only tliese, but human 
bodies and remains of animals — the latter now extinct 
— and other substances prone to putrefaction, have 
been found at a great depth in a high state of preser- 
vation. 

Whore peat bogs a]>ound, as in those countries 
already alluded to, the inhabitants make use of the 
article, after undergoing a very simple preparation, as 
fuel for domestic uses. Witli the exception of a few 
localities on the Continent, but little has been done to 
bring peat into requisition in those arts which are 
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intimately associated with heat, although the value 
of the charcoal which the substance affords as a 
calorific agent has boon attested by practical skill and 
theoretical calculations. Attempts have long been 
made in Uolland and some states of Germany, to ren- 
der peat more profitable, as well in manufacturing 
operations as for domestic purposes ; but it is remark- 
able that in a country such as Ireland, where, com- 
pared with other nations, the cost of labor is low, with 
one exception nothing has been done to convert her 
area of two millions eight hundred ami thirty thousand 
acres of the finest bogs in the world to her advantage, 
altliough, if properly treated, they might prove a source 
of immense wealth. This neglect of the national inter- 
ests seems still more inexplicable, when it is considered 
that the wealth requisite for successful manufacturing 
enterprise is already in the hands of the people, but 
lies a mere waste, useless to the possessor and to the 
universal interests of the community. It would ap- 
pear, however, that something like an incipient spirit 
of enterprise is growing in tlic Irish mind, and, if this 
bo fostered by the hand of science, doubtless, ere long, 
many of the liidden treasures wliiob lie; at the feet of 
the impoverished population, will be developed to the 
advantage of tlio parties immediately concerned, and 
the prosperity of the nation at large. 

For domestic purposes', the peat is f)rcpared hy a 
very simple course of operations, dilli*ring sonietimcs 
according to its nature and thickness. 

In every case the surface layer, which contains the 
living plants and their roots in the natural state, is 
stripped oif to llie deptli of six to nine or twelve 
inches. The material is then cut with a kind of spado 
known as tho slmic^ wdiich has a wing bent at right 
angles to the blade of the instrument, so as to form 
with tho latter two sides of a square. Sometimes two 
such wings or cars are added to the tool, and at 
tho outer end those are united by a plato of iron 
which givcis to it tlie appearance of a hollow lect- 
angular cube, open at both ends. Piy this instrument 
the peat is cut in long square masses, and then spn'iul 
upon the sward, wliore it spontaneously loses its water. 
After the bricks have acquired suflicient consistency, 
they are piled up on end so as to afford a Uioro 
thorough exposure to the air ; and finally, wlion desic- 
cation has advanced, the turf, as it is then called, is 
j)iled together, being built round hy a kind of clamp 
construction of tho sods or bricks, and left till the ma- 
terial becomes as di'y as it can be made by cxj)osiirc to 
the air. Such is tho mode adoj)ted wlicn the peat is suffi- 
ciently elastic to bear being so handled without break- 
ing ; when, however, the material is brittle and will 
not admit of being used in this way, it is dug out 
with ordinary spades, shovels, ei cetera^ and all roots, 
atones,^ and such like solid bodies picked out. It is 
then spread iji a layer of from twelve to eighteen 
inches in thickness, watered, and brought to a homo- 
geneous mixtoe, either by the tramjung of men or 
boasts, where the latter can be employed. After- 
wards tlie surface is smoothed and moulded in forms, 
eitlior with the hand or a small mould whicli indents 
the surface. When tho excess of water has drained 
off and the peat becomes consistent, the bricks are cut 


out with a long knifs, and 

indicated. In many moors or fens the pedfc is so sur- 
charged with water that it cannot bo extracted even 
with the spade ; in this case the workinen employ 
a kind of dredge, by which the material is collected. 
It is deposited on a sloping sward, and after the super- 
abundance of water has drained off and the mass be- 
comes more consistent, it is moulded into bricks. Tho 
latter processes are usually resorted to in France, 
Germany, and most other localities where peat abounds. 
In Holland a different course is pursued, which, though 
more circuitous, is notwithstanding more effectual in 
producing a denser fuel than can be obtained by the 
foregoing methods. The upper stratum, which is light 
and fibrous in its nature, is nearly always mouldc<l 
with the slane, though sometimes it is subjected to 
tlie same operations as the under layer. Generally, 
this is scooj)ed out with a kind of ladle wdien it is 
not too wet, and carried to the tempering ground ; 
where, by sprinkling with water, tramping with the 
feet, and tempering with a rake, it is brought to a 
homogeneous consistence, and freed from stones, bits 
of leaves, and the like. In case the matter is 
slimy, and so tliin that it will not admit of adhering 
together in masses, another kind of tool is emjdoycd, 
enabling much more peat to be abstracted, with less 
water, Ilian if the ordinary iron ladle dredge were 
used. It consists of a ring of iron, the edge ol 
which is shaqi, attached to a long handle ; the side 
of this band is perforated for the purpose of aflixing 
the oody, wliich is a thick cloth, and the wdiolc 
forms an instruiricnt not unlike a fisherman’s landing- 
net. Much more peat is taken up by this, and the 
excess of water filtering through the meshes of tlie 
tool, the peat is in a state which will admit of being 
immediately worked. This very slimy material is 
kneaded in a kind of trough or tub, till it becomes 
thoroughly blended together. In this state it appears 
like a kind of mortar. The next operation is to prepare 
the sward on which it is to be spread. This is done 
by laying upon it a covering of hay, which is trodden 
down to a level, whereon the peat is spread to the 
depth of a foot or moie. The depth is regulated 
hy moans of jdanks or hoards set in parallel lines, and 
jilaced, as circumstances may admit, from twelve to 
thirty feet apart. It is usual to beat down the surface 
of these beds to give the peat an uniform thickness. 
After a few days, when the excess of water has, i)artly hy 
tlraining ofi’, partly by infiltrating into the soil, and partly 
by evaporating, disappeared, and tlio layer of matter 
has acquired a ceilain coixsistcncc, it is rendered more 
compact by treading. This port of tho work is per- 
formed by women and children, who attach flat boards, 
about six inches broad and twelve to fourteondong, to 
their feet. Before 11)18 treading is finished, tho peat 
has acqiiii cd such solidity that it will bear a person’s 
weight upon it without sinking. The surface is again 
brought to a level by beating it with oars, shevels, and 
the like ; and after this is accomplished, the surface is 
divided into squares, tlie sides of which are about four 
to five inches. AVhen the tracings tlins made are cut, 
the bricks are about eight inches long by four to fir© 
inches square in the section. Tho drying is performed 
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by placing alternate rows crosswise upon one another, 
reversing this order in a few days, and continuing the 
exposure till the most of the moisture has disappeared. 
When this is llie case, the turf is stored for use, but it is 
necessary that the moisture be sufficiently expelled 
before this part of the business is performed, as accord- 
ing to Dumas, when Uiis is not effected, the stacks 
are liable to a fermentative process which raises the 
temperature so high as often to cause spontaneous 
chmbustion.' It has been already stated, that one 
essential quality of peat, in relation to its value as a 
fuel, is its density and freedom from large quantities of 
mineral matters ; but another is also required, namely, 
that it contains as little water as possible. However 
well exposed or prepared, air-dried peat always retains 
from twenty to thirty per cent, of moist lire, and this 
expends a considerable quantity of the heat of com- 
bustion in its evaporatiou. When intended for parti- 
cular purposes, such as for chaiTing in heaps, for lime- 
burning, and such like purposes where it is to be piled 
up in large masses, or has to resist much pressure, the 
value of the material js enhanced by tlie quality of 
strength or solidity, because, if it were very brittle, it 
wqiild prove almost valueless for either of these uses. 

Compression op Peat. — The relative heating power 
of dense peat well dried is about the same as wood, and 
half that of coal ; the lighter kinds prove to be not more 
than oiie-tliird as effectual as coal for heating. Prepared 
according to the improved processes which have lately 
iiecn introduced, it gains considerably in calorific power, 
as much more combustible material is contained in 
compressed peat, bulk for bulk, than in Uie ordinary 
sods or moulded tuif. Much difficulty, however, 
stands in the way of effecting this condensation of 
tlie article, owing to the elastic nature of the fibre, 
which causes a distention after the force is removed. 
The system of pressing each sod or mould, as in 
the preparation of artificial fuels, would never answer 
witli peat, as the labour would be too great in pro})or- 
tion to the value of the material ; and, besides, the sup- 
ply which could be so furnished would he inadequate ' 
to the demands of a large consumption. This led Mr. 
Williams, a gentleman who has contributed much to ! 
the development of the industrial uses of peat in 
Ireland, to the adoption of powcifid hydraulic prcBsos, 
which, while they arc able to ovcicome the elasticity’ 
of the material, can sujqdy it in considerable abun- 
dance. It is questionable, however, if his endeavors 
have been remunerative, as it is difficult to eradicate 
the preconceived prejudice of manufacturers and 
traders against this species of fuel. The manner j 
of compressing, as conducted in the Cappoge works, 
was to break up the fibre of the i)Gat as much as 
possible after cutting, and then to place it interlaid 
with coarse cloths or coco-matting under the raachiuo. 
After the action had been exerted during the period j 
allowed, the material was found to be reduced to one- j 
tliird its original volume, and to have lost about two fifths 
of its weight. In this state, the peat, when thoroughly 
dried, is not so hygroscopic as when the drying is 
conducted in the open air and no pressure exerted, 
and the lighter kinds yield by compression a substance 
denser than wood; the lower stratum affords a product 


still more so. The elimination of the water by pres*- 
sure improves the quality of the peat in other re* 
spocts, not the least of which is the reduction of the 
relative amount of mineral matters contained in it, for 
considerable quantities are carried off’ in the water that 
would remain if it were exposed to spontaneous oxsicca* 
tion. It would appear that the increased expense of this 
process is immaterial, when the relative volumes' of pro- 
duct it affords, compared with ordinary peat,, an, d the 
large per ceutago of water which the latter contains, 
are considered; for, whereas the latter costa three 
shilluigs and sixpence per ton at the bog, the pre- 
pared article can be had at five or six shillings. Mr. 
ConnoLD’s method is to convert the peat into a 
magma, with the addition of water if necessary, and 
when by moans of centrifugal power this is subse- 
quently got rid of, a very dense product is obtained. 
The course recomniondc<l by Mr. SruNE ns described 
in his patent, sealed in Marcli 1850, is the use of a 
box divided into a number of compartments suited to 
the size of the machine, and pressure to bo exerted 
upon this, by rollers adapted to one another by 
means of leverages. Figs. 38 and 39 are vertical and 
side views of this arrangement, where the same letters 
indicate similar parts in each figure. A and n are 
cast-iron rollers, the latter of which is fixed in a 
stationary bearing, c. i> is an adjusting screw, by 
means of wliich tlie roller may be raised or lowered at 
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pleasure ; tliis screw works in the lever, F, the fulcrum 
of wliich is at the top of the side frame, and the 
liaudle connected willi the long on©, U, by the rods, 1 1, 
wliich are adjusted by the screw, K. I*1^88ttre is 
exerted upon the lever, ii, by sliding the weight, J. 
The friction rollers arc shown at L L L L, for supporting 
the pressure box, M, before or after it has passed tho 
pressure rollers, A n. Upon the shaft of tho latter, two 
toothed wheels, v r, are fixed, which are worked by 
two pillions, N N, upon tlie shaft, o ; the wheels, v r, 
gear into two toothed racks at each side of the pres- 
sure box, and serve to cany it aluug under the pros* 
sure rollers already indicated. 

The box is such that it contains another one, R, In 
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wiiich tlie peat is ooudcusod; this is divided into six- 
txjen oompartrtients by meana of bevel-odged knives, 
a o, fixed transversely in the cover, and b b in the 
l)ottom, and bo corresponding with one another lliat 
W’hen pressure is exerted they arc nearly in contact. 
Tlie longitudinal knife in the middle separates the 
interior into two divisions. 

Motion is given to the whole by moans of a winch- 
handle and fly-wheel apj)ended to tho ends of the 
shaft, o; when the motive is steam, the handle is sub- 
stituted by a drum on which a strap works. The 
lever, H, may bo lifted by means of another lever sliowii 
in the figure, so as to remove aU pressure. The methotl 
of operating with this machine is to fill the movable box 
with peat, after which it is placed inside tlie box, w ; the 
lever, li, is raised, and tho box is drawn forward by i)iit- 
ting Hie shaft, o, in motion. When it has come under 
the roller, ii is let down so as to bring A in contact with 
tlie lid of the box. From the time that the verge of 
the box has entered under the roller till it has passed 
the centre, the lid is in an inclined position, varying 
from an angle of 10'^ or 1.5°. At the lime the roller is 
at tlie centre, the cover will have assumed a horizontal 
position, and a uniform pressure will be enforced upon 
the entire contents. Wlicn the box ha.s jiassed through 
the roller, the lid is taken off, and tlie coiupresHcd 
material removed and exi>osod to tliorough desiccation. 
Tho compartment is again filled, the cover fitted on, 
and, by reversing the motion of the handle, the box is 
made to pass the same way backwards, 'riius the 
compressed material is dischaiged at each end of tlie 
machine. 

These and n few others arc the means hitherto 
propCKsed for improving the quality of peat fuel, so 
as to remove its characteristic fault, namely, want 
of density; but it seems that as yet the processes 
have not been conducted with suiricioiit sjiirit, or the 
outlay in machinery is too grc.at iu pro])ortioii to the 
value of the material operated ujion. Jt appears that iu 
Ireland llic chief improvement iu this process must, for 
some time to come, turn upon tho .systtun of diyiug 
under sheds, so as to proti^ct the j>Gat from the in- 
llucnce of the rain, a considerahle quantity of wliieli it 
is capable of absorbing, and yet will a]>i»ear dry to the 
t(»uch, Tlie amount of water thus retained considerably 
diminishes the heating power of the turf. This will ho 
seen more clearly from the following data: — When 
a pound of pure dry peat is burned, and Uic entire 
amount of caloric which it yiehls is conducted through 
water, it will be found that six times its weight of this 
liquid will be raised to 212°. In ordinary turf tlie 
fourth pari of the weight is water, so that tliere is oul}' 
three-fourths available as a heating medium. Were 
A pound of this consumed iu the same manner as tlie 
foregoing, it is evident the caloric developed would 
lAko only four pounds and a half to the boiling 
point. This quantity would, of course, evaporate the 
water contained in the peat, so tliat the visible eflbct 
would bo as four and a quarter to six, or about tbirty 
per cent, in favor of tlie dried material. Such a wide 
difference, it is needless to say, is sufficient cause for 
condemning the moist material even for domestic use, 
but especially in manufactories, where it is an object of 
VOL. IJ. 


the first importance that the fhol dlkRild the greatest 

pos.sible effect in proportion to its btilk arid value. 

Before passing to the discussion of the notion of heat 
upon peat, it will be well to devote a little attention 
to tlie consideration of the nature of those substances 
contained in it, as well as those which are artificially 
produced from it. It has been stated already — ^page 61 
— that by tho action of alkalies upon peat, tho greater 
part is dissolved, and that, wdieu the liquor is further 
treated with acids, the ulmin is precipitated in flakes. 
TJiis substance, which is the principal and most im- 
portant component of peat in its ordinary state, is so 
analogous to woody fibre in its composition, that the 
changes which the material producing it has under- 
gone, may be considered as suflicieiit to account for 
the difference. By the researches of Buaconnot and 
others, it has been proved that in the fresh peat ulmin 
is combined with lime, and forms therewith a true 
chemical compound — ulminato of lime. Ulmin or hu- 
mus, popularly termed vegetal mould. Las the follow- 
ing composition when prepared from wood and sugar : 
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When peat is subjected to dofatruelivc distillatiom 
ammonia is in variably’ one of the products, a circum- 
stance for wliicli it is difficult to account, seeing that 
ulmin is entirely devoid of nitrogen, uuIgbs it be ad- 
mitted that, during the progi'cssive decomposition of 
that body, nitrogen is assimilated from the air, just in 
the same imiuiier as decaying wood or vegetal matter 
takes up the same clement. In tlie couree of the 
decomposition of vegetal bodies, oxygen and nitrogen 
arc absorbed and combined with the other elements, 
and the consequence is tlie formation of a new siib- 
staiice called by lIi:KMANN'>iiYrc>//a — a body that ap- 
proximates densely in its composition to animal flesh. 
Snell a metamorpljosis may be explaiuod by suiiposing 
that two equivalents of woody fibre take five equiva- 
lents of nitrogen and ten of oxygtui from the atmo- 
sphere, and give oil' sixteen e<iuivalcnts of carbonic 
ai’id ; thus — 

2 l'i<|.s. ol"\Vood> filin' =^72 B4,, 
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By a further change these elements are disturbed, 
and carbonic acid is produced togetlier w'ith ammonia. 
Besides tliesc, several other new substances of a brown 
or black color remain, among which are ulmic acid, ct 
cetera. Dumas sujqioses that the ammonia results from 
the decomposition of aninml remains embedded in the 
marshes ; hut the Editor is of opinion that it is mostly 
derived from the atmosphere. 

When peat is oxi>osed to the action of heat in close 
v<isscls, it affords a variety of substances, the principal 
being pyroligneous acid ; a brown erapyreuraatic crys- 
Ullizahle oil, from which numerous products may be 
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extracted, and among them paraffin ; carbonic oxide 
and cai-bonio acid, hydrocarbon gases, together with a 
variable quantity of ammonia. Industrial progress has 
invested several of these with a new value during the 
last few years, so much so that they have become 
special objects of manufacture. This has been shown 
und^r the beads Acetic Acid, Ammonia, Asphalt, 
Candles, et cetera ; and with regard to certain in- 
flammable gases and other bodies, their importance will 
appear further on. The products of the distillation of 
peat are all useful in the arts, and consequently are in 
constant request. To provide them in sufficient quan- 
tity, or at least in some degree to supply tho wants of 
the trades using them, a manufactory was erected a 
few years ago near the town of Athy, in Kildare, Ire- 
land, for the purpose of distilling peat, and obtaining 
the useful products whicli it affords. This manufactory 
has now established itself, although it had many diffi- 
culties to contend against. It is worked on the prin- 
ciple of Mr. Kees Keece’s ])atent, sealed in 1849. 
Tho idea was derived from the af)plication of inflam- 
mable gases to heating purposes hy the late M. Euel- 
MEN, for the utilization of inferior coals and other 
combustibles, by converting them into gases, tho object 
being tho production of those organic bodie.s alrcad}^ 
alluded to. These are produced in gi'catei abundance 
from peat than from other combustibles, owing to the 
large amount of water in it, wliich keeps the tem- 
perature low during the distillation, and thus favom the 
formation of such products. The principle of the dLs- 
tillation is the introduction of a blast of air at the bot- 
tom of a furnace filled with the combustible. The licat 
developed in tliis part passing up with tlie gases through 
the mass, causes the destructive distillation of Uie latliu*, 
and the expulsion of the emp 3 u*euruatic products with 
the combustible and other gases from the fire. By [)ro- 
per contrivances these arc operated upon, in such a way 
that all tho condensable ffubstarjccs are removed, and 
the inflammable products whicli cannot be liquefied arc 
employed to heat boilers, stills, or evaporating pans 
required in tho purification of the crude products. It is 
Uiis application of all the products to economical pur- 
poses which renders the raanuffictory so novel in its 
nature, for the very substance operated upon is made 
to supply all the requisites for carrying out tlie manu- 
facture, besides supplying the useful products. 

For tho following important deUiils witli reference to 
this manufactory, the Editor is indebted to the Journal 
of Indmtrial Progress^ hy Professor Sultjvan ; — 

From repeated examinations of peat with reference 
to the amount of tar, oils, paraffin, and ammoniacal 


salts which it yields, as well as from the researches 
of the patentee, most flattering results were antici- 
pated from the development of this branch of in- 
dustry, To carry it out, a company was organisGed, 
called the Irish Peat Company, whicli stated in its 
prospectus that, by a manufactory capable of operating 
on one hundred tons daily, or thirty-six thousand five 
hundred tons annually, tho following commercial results 
would be attained ; namely, — 


E\1-ENDITUTIE. 

36,500 tons peat, at 28. per ton, £3,6.50 

455 tons of Hulphuric acid, at £7 per ton, 3,IB5 

Wear and tear of apparatus, et cetera^ 700 

Wap'S, labor, et cetera^ 2,000 

Freight and incidental charges, 2,182 


£U,717 

troduce, 

365 tons of sulphate of ainmonin, at £12 per ton, . . £4,380 
256 tons of acetate of lime, at £14 3,570 

10.000 gallons of naphtlm, at 6s., 4,760 

10'J,.500 pounds of parallin, at Is., , . 5,475 

73.000 gallons of volatile oil, at l8., ... S/iriO 

.36,000 galloiiB of fixed oil, at Is., 1,800 


23,625 

leaving a net profit of £11,908, or a fraction more 
than a Inmdred per cent. The cost of the manufactory 
for working such n quantity was stated to bo about ten 
thousand pounds. That peat, and other substances here- 
tofore useless, should be prodtictive of a trade so profit- 
able, was more thatj could well bo cieditcd by the parties 
wishing to embark in the speculation ; and to satisfy 
themselves on this point, a series of experiments was j 
inslitutod in the laboratories of the Museum of Irish i 
Industry, under the superintendence of Sir R(»uert • 
Kane and Profesflor Sullivan. These wore conducted 
upon specimens of peat from various peat deposits in I 
Ii eland in a twofold manner: firstly, by distilling th(' I 
peat in close vessels, and secondly, by effecting the ; 
distillation by a combustion of a part of the material i 
with a blast of air, as proposed in the manufaefory, ; 

In operating by the former method, a retort was 
used similar to that employed in the distillation of , 
coal in the manufa(‘turo of gas. To tlio exit pipe from 
this retort a series of Woulfe’s bottles were adapted, 
wherein the gi eater portion of the tar and other aque- 
ous products were dejiosited, tho remainder being con- j 
den8(id in a worm fixed in a barrel of water, and Uio • 
permanent gases coIJ|ictcd. In each trial one hundred- j 
i weight of i)cat was worked off in eight to fourteen 
cliarges, according to the density of tlie substAiicc. 
The annexed table rc])rosent8 the quantity of the gross 
I products obtained ; - 


No ofE*- 
priitirioatii 

whriiro obliiiimt 


Tar. 

CharconI 

Oun. 

■ 

1. 

2. 

Surface peat, > A mixture of about equal ]»arta of the tv'o peat8, from | 
Dense j>eat, ) Mount Lucas Bog, ne.ar PhillipKtowji, jT 

23-000 

2-000 

37-500 

36-900 

3. 

Light Burface peat, from Wood of AJlou, 

32-273 

3-677 

30-132 

26-018 

1. 

Black compact peat, from do,, 

38-102 

2-767 

Ii2-642 

26-480 

5 J 

Surface peat, from Tickiievin 

38-028 

2-016 

ai’UO 

82-346 


Do. dihtilled with the retort Imatvd to a very bri;;)il rcdnCHM, 

32038 

2-844 

23-437 

42-121 

6. 

Surface peat, from Shaiuion, 

38-127 

4-417 

21-87.8 

36*693 

7. 

Denso peat, from do., 

2M8J 

1-462 

18-073 

67-746 


A vf't. igfi, 

31-378 

2-7K7 : 

20-222 

36-616 
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Tho amount of ammonia, acetic acid, and naplitlia, as well as that of the oil and pamffin iii the tar; the fol- 
contained in tho aqueous product, was next detenpined, lowing table contains tho results obtained : — 


TAULE BlirnRSENTlNa THE PER CENTAQE OP AMMONIA, NAPHTHA, ACETIC AGIO, PARAFFIN, AND OILS, OBTAINED 

BY T/IE distillation OF PEAT. 


L<icuiil^> u'hciK'e obtuli ed. 


1. Surface peat ) 

2. Ueueopoat. -J ‘CrX | 

3. Lif^ht surface peal. Wood of AlUiii, 

4. Black compact i)oat, do., 

( Surface peat, 110 m Tickiievin, 

5. < Do. diHlilied with the leiort ) 

( heated to redness, j 

0 Surface pent, from Sliaiinon, 

7. Dense j>eal, do. 

Average, ... 


In the BGOond scrios of exporiniontH, in whicli the however, only the produetti obtained from those which 
peat was consumed by igniting it, and then Kiipjiorting in tho former experiments exhibited tlie gi’eatcst dis- 
tho combustion by a blast, the same peats were used as similarity, this being sufficient for tlie purjiose of cora- 
in the foregoing tables.' The annexed tabic shows, piirison : — 


Act*tlc Acid 

s 

•SS? 

1 “ 

ls| 

1=3 

0-076 

o-lll 

0-200 

0-.302 

0*286 

0-419 

0*196 

0-287 

0-208 

o 

6 

0-205 

0-299 

0-161 

0-236 

0-191 

()•2^0 


Chwi/icliir of Turf, and I.fx'allty wlii'not' oVCmukvI 

Liglit surface peat, from Wemd id Alien, 
Dout'C ]iL‘at, do. 

Dense peat, from tho Uiver Shannon,. . , , 


T,.i. 

‘J rnt) . . . 
2 •.hi.') . 
‘2-27U .. 


AOi. 

... ‘2*4t»3 .. . 
... 7'2‘2(i . 

. 2-871 .... 


. . 03-319 
. 59-716 
. .. 65-041 


The amount of ammonia, acetic acid, naphtlia, paraf- in the following numbers, aff’ords a cornpnrative view 
fin, and oils, obtained in tho same way, and expressed of the merits of both methoda of working : — 


'I ABLE KEPRESENTINO THE PEIl f'KNTAGP, fVF AMMONIA, ACETIC ACID, NAPllTTTA, PARAFriN, AND OIL'S, OBTAINED BV 

THE DLsTILLATlON OE PEAT IN A BL VhT OF AIR. 


Light surface poai. Wood of Allen 

JK'iise . do., 

Dense peat, fiom thl' Riv«'r Slumnoii, . 


ACi'tl ■ IK'lil 

0-179 
0 2('.K , 

0'171 , 


The average re.sults of both me.tbodB of operation 
gave, for the distiilaliun in dose vessels — 

AvornffiJ Srnilitmiu Mtulumni 

Aqueous piodnct^, ;iO-(ill 32-678 29-.S18 

'I'm 2-392 . 2-r)10 .. . 2-270 

tiiisca, G2-;i92 .. 6.‘(-<)ll . .. ,59*716 

Ashes, 4*197 .. . 7-226 .... 2-493 

TIio watery products and tar afiTorded — 

Arernr-o, Moxlinuni Mliduiuni. I 

Ainmnuia, 0-287 .... 0-344 .... 0-194 

or aa 

Sulphate of aminouia,.. 1*110 ... 1-330 0*745 

Acetic acid, 0207 .... 0*268 .... 0*174 

or aa 

Acetate of Ume, 0-305 . . 0*.393 .... 0*2.56 

Naphtha, 0-140 .... 0-1.58 . . 0-106 

Volatile and fixed oils, l*ori9 .... 1*220 .. . 0*916 

ruraffin, 0-125 .... 0*169 .... 0*086 

Placing these numbers in apposition, the following 
will oxjircss tho relative value of the two modes : — 


VPi’fipo prodiic 

l.i.m I |/>SK» 

diutilliiUon. 


Vwmpo produru 

iMiim 

m bliui of iilr. 


Ammonia, 

... 0-268 .. 

.. . 0*287 

or ns 

BulphaU; of nmm(*iua, . 

1 -037 . 

.. . MIO 

Acetic acid, 

. 0-191 . 

. .. 0-207 

or as 

Acetate of lime, . . . 

0-280 . 

. . 0-305 

Naphtha, . 

0-1 16 

. . 0-140 

Oils, ... 

. . 1-310 

.. 1*059 

rarallin, 

0-134 .... 

.. . 0-125 


The similarity of these numbers shows that very little 
difference exists between the results obtained from the 
distillation of the substance in close vessels, and from 
its decomposition in tho tire by a blast of air. In the 
first case, however, there remains an average of tw’enty- 
nine parts of charcoal, which might determine a prefer- 
ence for that method, were it not that the greater part of 
this is consumed in carbonizing tlie matter in the retort. 

A similar and independent series of experiments was 
conducted by Dr. Hodges, whose results are appended 
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below, and contrasted with those arrived at by Proles- 
sors Kane and Sullivan, as well as with those forrn- 

Kanc aiul Bulll\an. 

r- — ■ ■ ^ — — ^ 

Por ton r«r cent 

Sulphate of ammoTiia, 2 lbs. . ■ 1*110 

Acetic acid — real liydriited, • . ■ • 4^ “ .... 0*207 

or as 

Acetate of lime, 6j^ “ ■ ■ 0*305 

Wood naphtha 50|foz- .0*140 

Tar, 53j- Ihb. ... 2*800 

Products ol (Paralhn, “ .. . 0*125 

the tar, (Oils, mvirly 2jf galls 0*150 

If the difference of the peat in these experiments be 
taken into account, the results of the three columns will 
be nearly equal ; for in Hodges* experiments the peat 
was of a black unctuous nature, weighing, per cubic 
yard, from five and a half to six and a half hundred- 
weight. 

At first, the apparatus erected for the distillation, ct 
ceteray was on a small scale, and not so much with the 
object of realizing an immediate profit, as with a view 
to the perfection of the process by which the operation 
might bo conducted on a scale of greater magnitude. 
During this preliminary phase of the ifiidertuking, very 
little advantage accrued heycud opening the eyes of 
the conductors to the necessity of having some more 
perfect medium for condensation, and tmning the in- 
Hammable gases to useful purposes, as also for purify- 
ing the products, and bringing them into marketable 
condition. It was necessary, therefore, under these cir- 
oumstaricos, to erect new works ; and, as many things 
had to be invented, this occupied considerable time. 
The factory has now been in active operation for homo 
few years. The arrangement for the combustion of the 
peat consists of four furnaces, constructed like ordinary 
blast fuiTiaccs, and without gratings, but furnished with 
throe tu3^eres through which the blast enters. Each 
furnace is thirfy-two feet seven inches high, from the 
ground to the top of tlie iiopper; the hearth is three 
feet two inches deep, three feet wiile, and eighteen 


ing the basis upon which thp company’s prospectus 
was founded - 


H< 

MlpO-i. 

Stutuiiiout lu ('oiiipiin* 

t» PlOHpuCi 

i>r ton. 

Tor iTTit 

Pei ton. 

P«r cent 

22ii' Iha. 

. . 1*001) 

.... 22|fn>8 

1-OQO 

U “ 

.... 0*828 

■ u 

— 

— “ 

.... 

nearly 15/^ “ . . . . 

0*700 

83J: ozs 

.. . 0*232 

.... 60*8 ozs 

0*185 

98^ lbs. 

. .. 4*140 

— 


— T 

. . — 

.... .3 lbs 

0*104 

__ 

.. .. — 

.... 2 1| gnllb. . . . 

0 071 


inches to the top of the dam -plate ; the tymp is thir- 
teen inches high, and has two inches of water flijace ; 
the boshes are seven feet six inches high from the bottom 
of UiG crucible part, and twelve feet wide at the belly ; 
the cone or body is sixteen feet high, and six feet wide 
at the tunnel head. The base of each furnace is square 
as high as tlie belly, and tlie whole of the cone or body 
is covered with boiler-jilate firmly riveted. Such a pro- 
tection is necessary, in order to prevent a leakage of the 
products of distillation, besides giving greater stability 
to the erection. The lop of each furnace is complete]}^ 
closed by a conical valve throe feet in diameter, and 
surmounted with a changing hopper provided with two 
tight-fitting lids. This hoi)pcr is five feet high from 
the valve-opening to the lid, and eight feet in diameter 
at tile tup. Two pipes, each twelve inches in diameter, 
conv(^y tlie products of distillation into an hydraulic 
main, three feet in diameter, whence the condensed tar 
and other liquids flow into a tank, while the gases are 
made to ])ass tlivough two double rows of ti[iright con- 
densing pipes, twelve inches in diameter, and twentj^- 
fivc feet high, including two series of rectangular boxes 
upon which they are lixed. l>ijring the passage of the 
clastic vapors and gases through these piiies, an addi- 
tional (plant ity of tar and aqueous products is liqueti(*d 
and collected in rectangular boxes placed in connection 
with the pipes, by an arrangement which will bo 
further e-\]>laiiied in tire drawings annexed. After 


X 



the gases traverse the condensers, they are conducted nished with a mill and tumbler, by which a dense shower 
through a series of eight scrubbers, twenty feet high, and is made to fall tlirough the scrubber. By this contrivance 
arranged in four rows. Each scrubber has three layers the gases are washed of all traces of tar and condens- 
of small stones resting upon gratings, and is besides fur- able matters, such as naphtha, ei cetera. From tlie 
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scrubbers the gas flows into a kind of main called the 
trunk, twenty-five feet three inches in length, and throe 
feet eight inches in diameter, and from which 
it is distributed to the several fire-places to be 
consumed under evaporating pans or boUers, as 
required. 

Fig. 40 is a side elevation of this arrange- 
ment represented, for want of space, as broken 
off in tlie middle. A is one of tho four fur- 
naces, a flection of which, along the lino x, is 
shown in Fig. 41 ; and Fig. 42 is a plan of the 
platform, G, on the top of the furnaces, with 
part of the condensing apparatus attached. The 
same loiters in each of tho figures indicate cor- 
responding parts. 

Referring, in the first place, to the sccllotuil 
view of tlie furnatjo — Fig. 41 — a reprcRents tho 
arrangement of tho tuyeres, with their nozzles, showing 
the water spaces and the plug valves for allowing tlie 

tuyere opening to 
-- 41 1)0 clear; n 

is tlio lu)ppcr, 

ception of pieces 

of cast-iron or other material t(^ form tlie rounter])oise. 

Tho platform on the top of the four furnacos, part 
of which is represented at a, in Fig. 42, is constructed 
of planks of wood laid on tlio same piano as tho covers 
of tho hoppers. The dried peat or turf is elevated to this 
platform in iron waggons, oauli thirty cubic feet in capa- 
citj'”, by moans of a water lift, consisting of a floor upon 
which four waggons fit, supported by a frame or cagt^ 
W’ith friction pulleys at tho angles, for working against 
the four upright pillars of wood which siqiport a frame- 
work at top, having a drum and brake. I’lie flooring 
of tho cage is attached to a chain wliich passes over the 
forementioned drum, and is counterpoised by a wrought- 
iron cistom, fivo feet square, and two foot six inches 
deep, provided with a valve in tho bottom, with an 
externally projecting spindb^. The peat is brought 
from the nog in flat-bottomed bnalsby the canal, wliich 


I terminates in a kind of basin, having a quay a few yards 
wide at the foot of the lift. Here the waggons are 




filled with the turf, and they arc then rolled in upon 
the floor of the cage previously let down to receive 
them. In this position of tho cage, the counterpoise 
or cistern is at tho top, and, while there, water is 
allowed to flow into it from tho tank, i, which is in 
turn supplied by the feed-pipe, j, connected to a largo 
pump Worked a steam-engine which drives the 
other smaller ones throughout the works. When the 
cistern is full, it more than counterbalances tho weight 
of tho cage and loaded waggons ; and, accordingly, on 
letting go the brake, the former descends, and by means 
of the chain passing over the drum, draw's up the cage 
and waggons to the level of the platfonn, G. When the 
cisLorn full of water reaches the ground, tlie projecting 
pin strikes against it, by which tho valve is lifted, 
and tho w'atcr allowed to flow out. The waggons 
full of turf are next rolled along tramways at each 
side of tho hoppers, one of which is shown at N, 
lo tho furnace into which it is discharged. This 
I)art of flic work is performed by rolling tlie waggon 
(jn to a turning table, M, situate at each bide of tho 
frirriaoo, and there made to perform a fourth of a revo- 
lution, so as to bring tlio end of the waggon, w’bich is 
l>rovided with a liingo and latch, over one of tlio hop- 
per lids, II ; flic latter is opened, and the turf dischargod 
into the orifie.e. Three waggons full, or ninct}' cubic 
fi^ot, iill the hopper, and tliis constitutes a charge. 
Whilst till*. h()i)per is being filled, the conical valve, 
is raised to tho position in which it closes the furnace, 
as shown in Fig. 41, and none of tho products of distilla- 
tion can escape ; but as soon as the hopper is filled, tho 
lids, 11 Ti, are firmly closed, and the grooves into which 
the lid flanges are partly filled wiili turf dust and some 
of the blue clay marl underlying tho peat bog, mixed 
up into a magma W'ith water. This paste forms an 
excellent lute round the lid, wliich is kept tight by a 
latch. 

Tho valve, Fig. 41, may now be lowered by 
the lever, r/, wdiich, while the valve is up, has its ex- 
tremity bearing the counterpoise, «, hooked to tho plat- 
form by means of the small aperture seen near tho 
counteriioiso ; but when this is unbooked, the valve 
doBceuds, and the turf falls into the furnace. This be- 
ing eft’ected, the lever is again hooked m the usual 
position, and the hopper recharged. Jn this method 
of working, the only loss sustained is merely the full 
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of the hopper of gases each time the furnace is charged. 
When light peat is burned, the charge weighs about 
seven hundredweight, so that it would require about a 
hundred and forty-three charges to burn fifty tons of 
material, and two hundred and eighty-six to burn one 
hundred tons, the work assigned to each furnace in 
twenty “four hours. Allowing one hundred cubic feet 
of gas to be lost at each charge, the total for each fur- 
nace during the day’s w’oiking would ainount to 
twenty-eight thousand six hundred cubic feet ; but this 
is too high, for the iiv(3rjigo woiglil of a charge of the 
brown turf employed is about lialf a ton, and, there- 
fore, only two hundred charges are required to perform 
the work, so that the loss is reduced in actual practice 
to twenty tlioiisand cubic feet ; and this quantity, com- 
pared to the total quantity produced, is very insignifi- 
cant. 

When tho fire is lighted in the furnace, and the 
blast directed upon it, tlie part immediately ignited is 
resolved into the simplest and most permanent products 
of combustion ; but as these ascend, the carbonic .acid 
is resolved into carbonic oxide by tho iricandescL'iit 
fuel overhead, and this gas, together xvith the nitrogen 
of the air, rises in a heated state through the mass. 
These supcrhe.ited gases are the agents whi .1 ctrocjt 
the distillation of the great mass of peat in the body of 
tlie furnace, and carry tho products ofl’ to the mains, 
as already intimated, by outlet pipes, c — Figs. 40 and 
41 — of which there arc two to each furnace. These 
outlets are fixed near the top of the furnace ; they con- , 
sist of a short ascending and a long descending pipe, j 
the angle where they meet being provided with a hand- | 
hole for cleaning out, and which can bo secured by a 
dog and screw. The long arm enters tlic liydraulic 
main, D, shown in section in Fig. 40, and reprost'iited 
as broken oil' in the plan, Fig. 42. This main is kept 
half full of liquid, below the siiiftice of which the 
outlet pipes dip. Each furnace is thus isolated in the 
same way as tJio retorts in a gas factory. The liydraulie 
main oonsists, properly speaking, of two ; the princijail 
one running along the furnaces in front, and marked i>; 
and, secondly, a ci oss piece, e, which eonneels the former 
to a shorter one, F. Both these arc closed at tlui ends 
with plates of iron, wdiieh can he remov'cd wdiencvcr 
they want cleaning. Overflow pipes, screwed to those 
plates, draw away all the tar and liquid wliich accumu- 
late in the mains above the proper level ; thi.s excess is 
conveyed into a tank not marked on the drawings, hut 
its place is indicated by y, in Fig. 42. Four a.sccnding 
pipes convey the gas from the main into the condensers; 
each of these pijies is provided with a valve, w. As 
was already stated, tlicre aro two distinct series of 
condensers, each consisting of cighten rectangular 
boxes, shown in section at u, Fig. 43. Ui)on tho to]) of 
each of these are placed four upriglit pipes, and those 
of each series constitute two rows. I’he adjoining pijies 
in each row, belonging to dificrent boxt*s, are connected 
by a brccclie.s-pioce, wliich has two openings in tlie lop, 
closed by caps, dogs, and screws, r. The gas flowing 
through the valve, w, is thus enabled to ascend one pipe 
in a row and down the next, into the first octangular 
box, thence up the next, and, by means of the brecches- 
pipo, into the adjoining oondensor pipe and box, and so 


j on. A diaphragm, as seen in Fig. 43, separates the 
box into two conipartmcnts'; tliis division is not per- 
fect, however, for at tho bottom a space 
is left, so that both form only oho. ’^3* 

Tho four pipes open into one com- 
partment, and as both arc kept nearly 
half full of water, the gas entering into 
the side compartment cannot escape 
otherwise than by the iiipcs, unless the 
]>re8suro is so very great as to force all 
tlio liquor out by v, into ilic next cham- 
ber. All the condensable matier that 
accumulates in the inner chamber ‘soon 
finds its level in the outer one by the 
commimieatiun at the bottom of the box, 
and when it nses to a eertaiii height in the 
latter, it flows out by a siplion pi])e into a 
conduit in eormeetion with tlie tank, Y. 

All the 1 ) 0 X 08 arc in coiuniuni(;ation wdth 
one anodicr by a short connecting jjipe 
l)asBing from one to the otl>er near the 
bottom ; tlie same level of liquid is tliiis 
insured in all. To luevuiit Ihe eondeim- 
iiig jfipes ever getting too hot, a eonduit, 

K— Fig. 42 — in conneetion wdth the cis- 
tern, T, is canded along the to]) between 
the twx) row\s, to eacdi set of wdiich it 
sends out an arm, L, pierced willi small 
holes, which allow a fine blream of water 
to fall on tho toj>s of iho ])i])es, and to 
trickle down the hides, and thus cool tlicm cfleetual'ly. 

Notwithstanding all the ndVigerating surface afibrded 
by the double line of condensers, a certain quantity of 
tar and ammonia, and the greater part of the naphtha, 
still remain iinenndeiised, and ar (3 car- 
ried foiward niechanieally by the force 
of the blast; and to guard .ogaiiist a loss 
being sustained, tlie scrubbers, Q — Fig. 

40 — have been apjicrided. These an 
arranged in four rows, corresjjonding to 
the four novs of condensing ])ijK)S, 

Each scrubber oonsists of a cylinder of 
vvroiight-iron, four feet six iiiebos in 
diameter, and twenty feet high, closed 
at both ends, and liaving throe gratings 
in tlie interior, u])oii each of whlih is 
jil.iccd .1 layer of stones, sliown at y, 

Fig. 44. The gas enters at M', and 
paascs up through tho layers of Btones, 
while, at tho same time, the mill, K^, 

Bujipliod with water from an inch pijie 
eonneeted with K, Fig. 42, or witli tho 
tumbler, j/j i)roduc(‘s a dense rain by its 
revolution; and this Bhowor meeting tho 
ga.soous bodies ascending through the 
layers of stoncH, comi)lotely removcB all 
tlie considerable bodi(;w remaining in it. 

Tho wabir which thus tnivcnics the 
scrubber, and hecomcR ) tartly Katiiratcd 
wdth tar, arnmoniacal matter, and naph- 
tha, flowrs off fiom the base by a pipe into a tank, not 
exhibited in the drawing, but wliich may bo designated 
by z, Fig. 40. After iiassing through tho first scrubhers, 
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tlio gas enters the second series hy moans of a pipe, and 

with that of coke, there is little doubt of its very soon 



after it is washed in lliese, as described, it flows into 

being introduced into several establishments from which 



a kind of gasometer, s, Fig. 40, consisting of a pipe 

it is at present excluded. When peat is acted upon by 



twenty-five feet three inches long, and three feet eight 

heat in close vessels, it yields a variable amount of 



inches wide, and kept full of water to the level of the 

charcoal, from twenty- five to forty per cent., according 



line shown. By means of the valve, w, in the main, 

to its density and state of dryness ; but, as it is rarely 



p, and the dip of the pipe, u, into the water of the 

distilled in this way, the quantity obtained is from 



gas-holder or trunk, s, each row of condensers, and 

twenty-five to thirty per cent., and at best does not 



each pair of scrubbers, may be isolated, and the gas 

exceed thirty-five per cent. The methods followed 



shut off from them w'hcnever they rctpnre cleaning. 

for the chaiTing of peat are, in some respects, similar to 



As tlie whole of the water which passes through tlic 

those already described as being pursued in carbonizing 



scrubbers must be distilled in order to obtain the am- 

wood on the large scale ; those are the mcilcr system, 



monia and naphtha which it has absorbed, it is found 

and tliat by the furnace. For operations by the first 



desirable to make the same li<|uid serve two or three 

of these methods, the nature of the peat aD4 the 



times for washing the gas. This is done by placing 

regular form of the sods or bricks offer advantages for 



barrels, T, on the tops of the scnibbers, Q Q, and 

constructing tho heap more regularly, leaving less inter- 



})umping into them from lime to time a portion of the 

stitial space than the logs of wood, and, being less com- 



lirpior from the lank, z. ICarh barrel supidies litpior 

bustible than the latter, the process does not exact 



to four scrublxTS, by moans of branching pipes. 

that minute attention which the carbonization of wood 



Owing to the rotcnlion of the tar by the layer ol 

requires. It is necessary that the peat should be 



stones, the scrubbers w'ould get clogged from it, W(Te 

thoroughly desiccated, otherwise the chaiTing will pro- 



tbei‘e no provision made for cleansing tliem. The 

ceed irregularly, and sometimes not at all. Large quan- 



ineaas adopted is to inject steam into thorn once in the 

titles of peat are carbonized in thus way iu tlio Vosges, 



day, hy which the tar is melted, and in this state flows 

in Bavaria, Saxt)ny, and Bohemia. In these places, 



out at the bottom of the tank. From s the combustible 

one or other of two forms of constructing the meilcr is 



gases are carried oil* by a duet, from which, by other 

adopted — either tho circular or bee-hive, so frequently 



channels, it is taken to the several liame-beds, whci e 

losoited to in charring wood, or the recbingiilar one. 



it is consumed. 

At the Royal Iron Works of Weierhamracr, in Bavaria, 


I 

Such are Die principal details of tliis manufaeiory, 

wliore the refining and puddling of iron has been carrietl 


1 

Iiaving ill view the rccoveiy of the volatile products 

on since 1838 by means of })eat-chareoal, the peat i.s 


j 

of distillation only, the charcoal which the pt'ai would 

cbairL'd in the circular mound, piepared almost as in 



aflbrd being entirely burned. 

manufacturing wood-charcoal. 



The liigli heating power of peal -charcoal, as well as 

A level site being chosen, a stake or qnandcl is fixed 



its disinfecting anrl other qualities, invest it with iiccu- 

in the middle of a circular sjaieo, and round it on tho 



liar inltuvst to tin* smelter, tlie sanitary reformer, and the 

ground a quantity of brushwood is spread, and which 



agrie^ulturist : for tlio former it has long been produc- 

in turn is covered with waste charcoal from a previous 



tive of great advaiitagt38, more especially in tlio maiiu 

operation. The turf is then piled round to the extent 


j 

faeturc ef iron, and therefore its prodnetion, on the 

(d' the base, and to the proper height, preserving the 



m(»st economical sr.ijdo, and in the largest (juantitv, In.s 

Conical shape. Generally, the size of the heap is about 



been a subject to which’somc attention has been paid. 

two tliousand five hundred cubic feet, or thirteen and 



I’his Ls more particularly the case in Bohemia, Bavaiia, 

a half tons of the peat of the locality. When tho 


1 

France, llussia, and other countries, where it is used 

central stake is withdrawn, brushwood is introduced 



in the blast-furnaces of llieir iron-smelting ostablish- 

into tho o]HMiiiig and ignib'd. This communicates fire 



meuts, and produces very satisfactory results. In (he 

to Ihc surrounding mass, which, iu turn, convoys tho 



numerous other processes to which the metal is sub- 

heat towards the exterior. Owing to the closeness 



je(‘tO(J, the charcoal is AjuihI quite as oflicient, if not 

with which the turf admits of being packed togesther, 



more so, than wood-charcoal. Jn England, however, 

the carbonization would proceed but slowly, w’^ero it not 



whore coal is so abundant, a material which is at her 

that air-clianncls of the breadth of a single brick of the 



comniaud iu as great abundance as her coal, has been 

peat arc constructed at regular distances, and radiating 



allowed hitherto to remain uBedess; but it is to be 

to the circumference of the meilcr. A covering of moss 



hoped, tliat the success which has attended its apjdi- 

and leaves is placed upon tlie body of the heap, and 



catiou in tho particular instances alluded to, and 

outside this anolbor of sand and turf ashes, or charcoal 



the free discussion of its advantages wdiich one now 

(lust, is thrown on, leaving tlie upper part open, as a 



meets with, will remove any prejudices existing iu the 

kind of chimney for tlie passage of the gaseous pro- 



minds of manufacturers against its cmplo 5 inent. At 

ducts, till the mass has been thoroughly ignited. As 



present, or at least till within a recent period, tho cost 

soon as flame appeal’s at the lop of the heap, a cover- 



of tlie product has been very bigli, in fact out of all pro- 

ing is thrown on, and tlic contraction of tJie mass 



portion when compared to that of other kinds of fuel ; 

observed, so as to keep any breaks occasioned by 



and this, perhaps, has been one cause why it lias not 

the sinking renovated. The charring is conducted 



been extensively consumed in smelring and other works : 

regularly in tho whole mcilcr by closing tlie draught- 



but if, by the attention of manufacturers, the charring 

boles at the base, where the combustion becomes too 



of peat luid been understood, and conducted on such a 

vivid, or boring a few about a foot asunder iu the upper 



scale as would bruig its marketable value on a footing 

part, where tho progress is slack. Twelve to fourteen 



1 
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days are necessaiy lo char and cool a luoiler of tlie 
above size, so as to be lit for removal. About seven 
hundred cubic feet of charcoal are obtained, weighing 
about three tons eight hundredweight, or 27*7 per 
cent. ; hence, somewhat less than four tons of the peat 
of the district yields one ton of charcoal. 

In Saxony, the rick or rectangular system is adopted, 
and the results are good. The ground is levelled and 
covered with sand in the usual way, and afterwards 
the rectangular space marked out; this is about fifty 
feet long by live or six in breadth. The middle of this 
plot is hollowed out into a kind of basin, and from it 
two channels or drains are cut from the ends of the 
intended heap, but inclining towards the central 
cavity. Both channels and well are constructed of, 
or aro lined with bricks, a layer of clay being laid 
beneatli, so as to prevent any fluid products col- 
lecting therein from peicolating through the soil. A 
small gutter leads from the cavity in the middle 
to a tonk at a little distance, wliere the liquids 
are recovered. These necessary constructions being 
made, a number of quandels is fixed in the longi- 
tudinal channel, ten feet apart, and tlie peat heap con- 
structed to the height of four feet, leaving transverse 
channels corresponding with the vertical one which the 
stake forms. When finished, the quandels arc with- 
drawn, and the whole coated with a mixture of eJay, 
sand, and chopped straw or grass, the latter being used 
to prevent the luting from cracking. This mixture is 
prepared in two boxes or pits, one at each side of the 
mound, and quantities of it are always at hand so as to 
be available for stopping any cracks wliicb might present 
themselves during the charring. Ignition is commenced 
at each end of the rhomboid by a fire placed in tlie 
central channel; the brushwood with which this has 
been filled burns, and, in doing so, sets fire to the sur- 
rounding peat- When the turf is fully ignited through- 
out the whole mass, a tliick black smoke i.ssues from tlie 
chimneys ; as the carbonization proceeds, tliis becomes 
lighter, assuming gradually a greyisli-wbite color, and 
finally changes to a bluish shade as the moisture eva- 
porates. At this state, sulphurous acid becomes disen- 
gaged. As soon as the whole of the moisture is dis- | 
pciled— a fact ascertained by holding the hand in tljo | 
vapor as it issues from the chimneys, and observing if | 
condensation takes place — the fire is gradually smoth- I 
cred by closing the air channels and fire lines. Care j 
is also required in the management of the draught, ho | 
as not to allow of a consumption of charcoal l^iking 
place ; generally, the apertures on the windward side 
are kept closed, the oj)posite ones being sulTicient to 
supply air. The charcoal prepared in tliis way is of 
excellent quality, and much used in tlie metallurgical 
establishments of Saxony and Bohemia. 

Both these systems of chan’ing peat afford nearly tlio 
same yield of charcoal, when the operations have been 
])ropcrly attended to. It ranges from twenty-four per 
cent, by weight and twenty-seven by bulk when the jieat 
is not thoroughly air-dried; but if this condition has been 
attained, the product is about twenty-seven per cent, by 
weight, or thirty-two and a half by bulk: a larger pro- 
duce is occasionally obtained, but in tliose cases the 
exception' must be attributed to the donsify and dry- 


ness of the material before carbonization. The cost { 

of a ton of charcoal at Woierbammer, manufactured ; 

by the process described, is about sixteen shillings and 
twopence, the peat from which it is produced having 
a marketable value of two shilliogs and elevenpence 
halfpenny per ton : allowing, that four tons of peat arc 
required for the production of one ton of chaiooal, it 
appears that the charring expenses for one ton of char- 
coal are about four shillings and fourpence. In the 
neighborhood of Carolincn Hlitto, near Achthal, in 
Styria, where some successful attempts have been 
made to smelt iron with peat in its raw state, mixed 
with wood, a ton of peat-charcoal costs twenty-two 
shillings and sixpence; but of this, eighteen shillings 
and twopence form the cost of the material, so that, 
practically, the charring expenses are the same as at 
Weierhammer. Such is also the cost of carbonizing 
by the mciicr or rick system in Saxony. 

Partly from the fact that less labor is required in 
managing the operation, whilst a regularity in the pro* 
duce is, in some measure, insured, and partly from the 
circumstance that there always exists a supply of 
material at hand in every peat district, which would 
render the expense of removal of funiacc.s unnecessary 
when once erected, the system of charring in kilns has j 

been resorted to with advanhige. Furiiiices or kilns : 

fire em[iloye<l near Meai/x in IVance, in East Fricshuid, j 
and Bohemia, to a corisiderable exti^nt. j 

The furnace or kiln ornidoyod for this purpose at j 
Oborndorf, in Wurtemberg, is represented in Fig. 45. ; 

It is an upright cyjinder, nine feet liigh and five and a 1 
half feet in diameter, having a ca])acity of about two j j 


Fiff. 46. 



luiiidred cubic feet, and capable of distilling about four 
tons of aAXTage peat; the top is closed by an arch, with 
the exception of an opening, through which the peat 
is introduced; it also answers the purposes of a chimney 
till the charge is carbonized. A double line of construc- 
tion is adopted in the erection of these kilns; an inner 
one, 5 6, of firebrick, and an outer one, a a, of more 
common material: both are about fifteen Inches tliick, 
and between them is on interstice, c c, of the same 
wirh!>, excepting where the brickwork extends tlio 
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whole breadth, as at for ^ving greater firmness to 
the construction* The superior aperture, f, is closed 
by a tightly-fitting lid, Aj, when necessary; at the base 
is another door, closed by a cast-iron plate,/; and be- 
hind this is a space, formed by the door and the 
plate or board; e, and which is filled with sand through 
the ape^t^re, tlius the draught is effectually cut olF 
at this orifice. There are three tiers of holes, dddj 
formed at a short distance from the base of the furnace, 
throt^gh which air enters for supporting the combus- 
tion of the peat during the carboiiizatiou, as long as 
this takes place. In working tins kiln, the peat is 
thrown in at the top and packed closely, with the ex- 
ception of a few channels left free, corresponding to the 
lower draught holes, and also a vacant space in the 
centre; after being filled, fire is thrown in from the lop, 
and the orifice in this part left open; when the fire has 
spread through the mass, so as to present a glowing 
appearance on being viewed through the lower aper- 
tures, these are closed with clay stoppers, and the 
combustion allowed to proceed till the same appearance 
is observed on looking through the second holes, when 
these are likewise stopped; and when the mass appears 
white hot at the third row’ of perforations, and no more 
smoko appears, all the apertures are secured, and the 
mass is allowed to remain till cold. Forty-eight hours 
afo occupied in bringing dhe mass to incandescence, 
and after that seven or eight days are required for the 
cooling of the furnace. To avoid this delay, it is cua- 
tomaiy to have a damper plate situated in the bottom 
of the furnace, under which is a pit, so tliat, on with- 
drawing the damper, the red-hot charcoal falls into the 
pit, and the furnace is ready for a fresh charge. Some- j 
times the furnace is so constructed as to enable the 
raanofacturer to recover some of the ju’oductB of dis- 
tillation, and use the combustible products for heating 
the mass of peat. In these, a pipe leads from the 
shoulder of the arch to a kind of condenser, whore the 
ammoniacal and tarry mattere are retained, and the 
gaseous bodies are reconducted by pipes to the bottom 
of the furnace, where they are bunied under a grating, 
and serve tp ignite the charge. No delay, or at most 
only an inconsiderable one, 
takes place in the charring 
with the latter kind of fur- 
nace, and the product is satis- 
factory in relation to quality 
and yield. 

Of this description are the 
kilns used at Crouy-sur- 
rOureq, near Moaiix, one of 
which is represented in Fig. 
46. In this kiln the carboni- 
zation is effccT-ed in a cylin- 
£ der, a, heated exteriorly by 
the flame and heat from the 
fires, cCf which circulate in 
the spiral fine, b b; d d ie a, 
chamber, encircling the walls 
of the fine, wherein air is 
confined, with the view of retaining and equalizing 
the heat. The peat is introduced into the kiln by the 
aperture, e, at the top; this aperture is closed when 
VOL. n. 


the charring is going on, by an iron plate, /; the 
products of the combustion going on in the fires, c e, 
issue by an ‘opening, p, in the top, and those of the 
distillation of the charge by a pipe, A, connected with 
a condensing apparatus of the usual construction, and 
in which the liquid products are retained, the unqon- 
densed gas being cqnveyed back to the fires, whOre by 
their combustion tliey serve, in part, to maintain the 
proper degree of beat. When the carbonization is 
completed, the charcoal is removed by the channel, A, 
by drawing the plate, t) which serves as the bottom of 
tho kilns ; it then falls into the chamber, where it is 
allowed to cool; from thirty-five to forty per^’Cent. of 
charcoal is obtained, according to tlie density and state 
of dryness of the crude fuel. The cost of charring by 
I tliis furnace is estimated at an average of four sbillings 
per ton of cliarcoal. 

Somewhat differing from the latter in construction, 
though worked upon the same principle, is the peat- 
^charcoal furnace of East Friesland. It has a solid base 
sixteen feet long, thirteen wide, and two feet thick; 
upon this base an oblong furnace is erected, twelve feet 
long, five wide, and eight and a half high. The end 
walls of this construction are two feet thick, but the 
sides are only six inches; parallel with the side walls, 
and at a distance of eighteen inches, two others are 
built, each two feet thick, and tho end ones are con- 
tinued at both sides to meet them. By this arrange- 
ment a space is enclosed between the interior construc- 
tion, or the retort, and the exterior wall, and this 
space serves for the fire channel, in which the products 
of combustion, from a fire lighted in a heartii, one foot 
high and eighteen inches wide, with grate and ashpit, 
made at one cud of each of these chambera, circulate 
for tho purpose of heating tho retort. An arch or 
dome completely encloses tho inner chamber destined 
to carbonize the peat; another similar arch is sprung 
from the outer walls, thus encasing the top of the re- 
tort as well as the sides. At the end where the fires are 
situated, a charging door, five foot high and three wide, 
is situated, and this, wljen the process of charring is 
going on, is kept tightly closed. The floor of the inner 
retort is hollowed in the midtUo along tho whole length, 
and the channel thus formed walled by a glazed clay 
gutter, and covered over with perforated tiles, tlie 
whole slightly inclined towards one end. The tar and 
otlicr fluids which acxiumulatc hero during the carboni- 
zation, aro carried off by a pipe to a tank at a short dis- 
tance from the retort, and the uncondensable gases 
conducted back by other pipes to the furnace, where 
they are burned. For the sake of economy, two or 
more of such furnaces are built close to each other, by 
which the time of charring is shortened, less heat being 
allowed to escape. Such a furnace is capable of pro- 
ducing one ton of charcoal at each operation, at an 
average expense of four to five shillings. 

Another furnace employed in Bohemia is the follow- 
ing : — A circular excavation six feet deep and twenty in 
diameter, is made, and the base lined with briekworiL 
nine inches deep. Upon this the walls of the fomaoe 
are constructed, so that when completed the whole forms 
a fruBtrum of a cone. For this end, the waHs are five 
feet thick at tlie base, and tapering, till, at the height 
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of sixteen feet, that of the furnace, they are only two, 
thus leaving a cylindrical space of ten feet in diameter 
lor the charring. At tlie top or mouth an arch is 
sprung, and covers the whole in the form of a dome ; 
in the centre of this is left an opening three feet in ex- 
terior, and two in interior diameter, and closed by a door, 
when necessary, with four others at regular distances 
in the shoulder of the arch. The opening at the base 
for withdrawing the made charcoal is four and a half 
feet high, and two and a half wide ; this is closed witli 
bricks, and the opening from without secured with 
boards, so as to keep in the heat as much as possible. 
A canal is formed round by the base of tlio wall of the 
furnace in the interior, nine inches wide and fifteen deep, 
and two others of tlie same dimensions intersecting tlic 
preceding, one of which opens under the discharging 
door. Before the charging commences, these channels 
are filled with brushwood, and partially covered with tiles 
placed a few inches apart. Before introducing the peat, 
a pole is fixed in the central opening, and likewise one in 
each of the otliers, Hie low^er ends of these filling in lhe‘^ 
intersections of the circular and cross channels ; the 
charging is tlien proceeded with, the peat bricks being 
as nearly as possible placed endwise. When filled, the 
polos are withdrawn, leaving five vertical flues in their 
stead. The brushwood in tlie channel under the dis- 


charging door is then ignited, and the fire spreads 
quickly round the base and across it, so that the heat 
is equally exerted upon the whole of the peat in this 
part. All the apertures are left open till a volume of 
flame freely issues from the orifices ' in the dome; the 
charging door is then closed, and further secured by 
luting or sand being spread over it; the firihg flue 
at the base is likewise secured tightly. The other 
openings in tlio dome are only slightly covered, so as to 
allow the escape of the products of distillatbrn When 
the latter cease to bo evolved, the openings ar^ entirely 
covered, and the furnace left to cool for forty-eight 
hours. In many operations, preference is given to tlie 
charcoal iniinufactured in this furnace, over that pre^ 
pared in the kilns used at Crouy-8Ur-l*OurCq. 

A few years ago Mr, J. W. Rogers introduced a 
furnace for the carbonization of peat, as well as for 
drying it previous to its being carbonized. Fig. 47 
represents a longitudinal section, and Fig. 48 an end 
view of this ingenious construction. E £ is a boarded 
shed supported on pillars, and open in a great measure 
at the sides. In the middle of th|S flooring of this 
structure a channel is sunk, which constitutes the ash- 
pit; on each side of this channel a line of rails is laid, 
forming a railway, on which the carbonizing chambers 
or kilns, A a a, flimished with small wheels for the 



Fig. 48. 



purpose, move. The furaaccs are of sheet-iron, upon 
a framework of the same metal, the whole forming a 
truncated pyramidal case, of wbich the base is a grating 
upon which the peat to be cliarred rests. These cases 
are filled by inverting them and introducing the peat, 
the grate being removed ; the latter is then replaced, and 
after restoring them to their original position, they are 
rolled along the tramway over the ashpit. The space 
through which the ovens pass is encased with sliect- 
iroD, B B, through which, at regular intervals corre- 
sponding to the position of the furnaces, pipes, i), n, lead 
to the top of tlie building. Within the latter, other 
movable ones are placed, which fit upon the orifice of 
the kilns when fixed in the shed ; tlieso constitute the 
chimneys, and they can be raised when it is required to 
draw out the case from under them . The space between 
the carbonizers and the roofing of the shed is fitted with 
shelves for the reception of tJio air-dried peat, for the 
purpose of desiccating it more completely. As the 
exterior covering is formed of a number of movable 


louvres, H, M, they may be opened or closed at will. 
The draught in the chamber of the furnaces is regulated 
by the flue door, rf, worked by tlic rod, e. When the 
charring is commenced, some brushwood is introduced 
into the channel, over which the furnaces are rolled and 
ignited ; the flame lights the peat, and the work proceeds 
! till the contents arc carbonized. This is known by no 
more smoke being given off; the chimnies are then 
closed by the flue doors, d c?, and the furnaces and con- 
tents removed. I’he heat radiated from the sheet-iron 
plates serves to^ry the peat stored on the surrounding 
slielvcs. Each of these furnaces carbonizes a charge of 
about six hundred pounds in five hours, and which yields 
a result of about twenty- three to twenty* five per cent, 
of charcoal. Four of these furnaces produce one ton of 
charcoal in twenty-four hours, and the cost of produc- 
tion, notwithstanding that the raw material would bo 
purchased for two shillings per ton — that is, eight shillings 
for raw material — lias been estimated at twenty-five to 
thirty shillings ; by this the expenses of charring would 
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equal from Beventeen to twenty-two shillings per ton. 
To prepare the peat, the .patentee piles it, after being 
cut, upon wicker hurdles, one above another, and allows 
it to remain in thio state till dry. The yield of char- 
coal is stated as from thMy-threo to thirty-six per cent. 
— Journal of Industrial Progress, 

ViGrNOLEB has taken out a patent for drying, com- 
pressing, and carbonizing peat, the latter being effected 
by means of steam heated .to 450® or 4G0® Fahr., and 
the two. former by a hydro-extractor, in which the 
centifrugal force expels the water, and renders the 
mass denser at'the same time. With reference to the 
charring-^the peat- dried in the air, or by a ciirr(3nt of 
heated gases forced through a chamber containing it, 
is thrown into cylindrical vessels, into which steam at 
a high temperature is forced, till the charring is effected. 
Fig. 49 shows a vortical section and partial elevation 
of the apparatus. In this, a represents a section of 


the boiler employed for raising the steam ; it is i)laccd 
over a furnace, the flues of whicli, after passing under 
the boiler, branch off and circulate round the carboniz- 
ing cylindcrB, and finally enter the chimney. Two of 
tlie charring cjliudeis are shown at hh, of which there 
are six at each side of the boiler; they are ranged 
round a coil of piping, ir, in which the steam from the 
voiliT is healed to the reepnred degree by a hie, pre- 
vious to iLs passing into the cylinders whore the peat 
is charred, by means of pipes connecting them. After 
the steam traverses one ef tliese carbonizers, it escapes 
by a pipe, which coi)ducLs it over tlie furnace, to 
raise its teniperaturc previous to its passage tb rough 
the next carboiiizer in the scries. In this way, tlie 
steam being first heated is made to traverse a car- 
bonizing vessel and the heating pipe successively, 
till it passes through tlu' wliulc of tlie charring 
vessels. Ultimately, the waste sti‘am is made to 
work a low-prcssui-e engine, wliich turns a fan that 
forces air, heated by pipes placed in a furnace to 
250®, into tlie drying chamber where the peat is desic- 
cated. 

The carbonizers, as may be inferred from the draw- 
ing, are conical towards the bottom, and are furnished 
with a valve or door which is rendered steam-tight, 
but may be opened when the charring is completed, so 
as ia allow the charcoal to fall into a box, beneath it, 
and into which low pressure steam is passed for the 
purpose of cooling the charcoal. These boxes are con- 
structed of iron, and are well covered, lost the charcoal 
might spontaneously ignite, to which it is liable, if ex- 
posed to air at this temperature; they move on tram- 
ways, and can.b%drawn out when required through the 
door-ways, c c. The top of tlio cylinder has a similar 


opening secured by a screw ; through this aperture the 
charge of peat is introduced. 

Several other patents have, within the last few years, 
been secured by parties for economizing fuel, but to 
dwell further upon them would be out of place, as 
many of them come within the range of processes for 
tlie manufacture of artificial fuel, more than for pre- 
paring the peat alone in an improved state. That of 
Mr. P. M. Ckane, from its simplicity and its connec- 
tion with the process already detailed, as pureued by 
the Irish Peat Company, will be briefly explained. 
The improvement to bo noticed in this patent is the 
annexing of another furnace to that in which tlie com- 
bustion of the peat was effected in the above-mentioned 
Company’s works. In this appended furnace, the peat 
is consumed by a blast of air in the ordinary way, 
and the torrefied gases are conducted by a flue to the 
second one, whicli is likewise filled with peat, and the 
lieat thus communicated chars tlie matter. 
In this way charcoal may be prepared 
witbont any loss of the products of dis- 
[V tillfition, as both furnaces may be closed 
down in the manner described iifFig. 41. 
The appended hearth or furnace may be 
modified, so ns to enable the manufac- 
turer to burn coal or coke, or even the 
\\'aste gases formed in the distillation of 
the ])eat, turning the caloric and heated 
pioducts which they yield to the use 

Fig. 62 is a scctionul drawing of one of Crane’s 
furnaces for preparing charcoal by the combustion of 
peat alone. In this drawing, A B is the furnace coii- 
ucctod with another furnace or charring chamber, c D, 
by a flue, G. Both these are filled with peat, and 
closed down in the manner described at Vol. II., page 
GO. The furnace, A n, is liglited, and the blast of air 
llirowD upon the ignited fuel through three tuyeres, 
ccc, at tlio bottom. The heated gases are fiTrced over 
into the furnace, CD, and passing up through the peat, 
char it. All the products — .as well those from the 
combustion as from tlie charring furnace — arc carried 


Fir. 50. Fig. 51. Fig. 62. 



ofi' by the exit pipes, f f, to the mains and condensers 
in tbo usual manner. When the peat in the charring 
furnace becomes carlionized, the charcoal is drawn out 
at E, into covered tanks, or cast-iron boxes,. in which 
it is allowed to cool out of contact with air. Accord- 
ing as the peat becomes consumed in the first, or the 



mentioned. 
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charcoal is^tlidrawn from the second furnace, the space 
rendered vacant is filled by charging tho hoppers, a a\ 
and letting this charge into the furnaces in tlie usual 
way. Figs. 50 and 51 show tlie construction of the 
furnaces intended to consume coal, or anthracite, and 
gas, for tlio purpose of generating heated products for 
distilling peat. Fig. 51, for coal, needs no explanation, 
as its operations arc similar to the foregoing. When 
gas is employed, it is conducted to the hearth, A b, by 
the flue, I, Fig. 60, and, being ignited, a blast of air 
is introduced by pipes communicating with a blast- 
pipe, H. Tho pressure of this blast forces the boated 
products thro4gh the carhonizer, c D, producing the 
intended results. 

Such are the methods in common use where the pre- 
paration of peat-charcoal has been industriously pur- 
sued, and some of them oiler considerable advantages. 
Of the analyses of peat-charcoal little need he said here, 
as the analyses of peat already given will throw some 
light upon this part of the subject. As a generator of ^ 
heat, good peat-charcoal is as efficient as bituininouk 
coal ; and some varieties are even above tiic average 
heating^wer of the latter kinds of fuel. 

Coal. — This is by far the mo-st valuable and exten- 
sively disseminated fuel, or source of beat, and is de- 
fiiiod by Redfern — a compressed and chemicaUf/ 
altered vegetal mattery associated nnih more or less 
earthy svbstancesy and capable of being used as fuel. 
This definition expresses all that is necessary ; but its 
truth can only be established by the concurrence and 
aid of several branches of knowledge. For instance, 
animal matters may, by a process of decomposition, 
yield a mass of carbonaceous substances, which could 
not bo distinguished from similar vegetal ones by 
the naked eye. Tn such case.*?, the microscope and 
chemietd analysis lead to a certainty as to the nature 
of the originals ; the former by revoaling tho texture of 
the fibrous matter of the plant, and the latter by the 
separation and estimation of those bodies into whicli 
it has been partly resolved. Before giving any detailed 
account of the process by which coal has been ])ro- 
ducod, it may be well to cxplaiti briefly the proofs 
which are cited in argument to show' what coal is ; and 
for much of what follows on this point, tlie Kditor must 
acknowledge himself indebted to the treatise on Fuel 
and its Applications^ by IIicjtarlson and Honalds. 

Evidences of the origin and character of coal may 
be gathered from the geological position of the deposit, 
the mineral characteristics, the cliernical nature, and 
the visual appearance of the substance under high 
magnifying power. It is the o])iiiion of geologists 
that coal may be viewed as a stratified rock, in wliich 
layers of other geological formations— such as clays, 
sandstones, and limestones — are found. These, in 
themselves, form vast deposits, or strata ; bnt, in this 
respect, there is no diflcrence between them and the 
coal-beds, excepting in the nature of the substances. 
How the matter has become so stratified, is a question 
to be afterwards considered. Tho coal seams vory 
from a mere film, or a layer of less than a quarter of 
an inch in thickness, to three or four feet. It is not 
often,, however, that the deposits are of , the latter 
dimension. In mines, whore the depth of the carbo- 


naceous deposit averages from ten to twenty or thirty 
feet, seams of mineral matters interpose themselves at 
intervals, varying as to the distance between them, but 
rarely exceeding the limits above assigned. All coal- 
beds contain these foreign strata, or jparthigsy "to a 
greater or less extent ; they seem to have been the 
result of the precipitation of matters held mechanically 
suspended in water. The tliickness of these interven- 
ing deposits is found to vary considerably from a mere 
seam to a bed of several feet. In many cases the 
mineral matter, thus inlerstratified, has become so 
saturated with bodies emanating from tho coal, or 
during its formation blending with the carbon, that it 
ignites and bums like coal, only tliat its bulk of earthy 
substances remains, often retaining the original form. 
Such matters are frequently observed in the buming of 
many varieties of coal, and in common language are 
called slaieSy battSy or basses. This blending of the two 
substances is ofien so unmistakable, that At a glance 
it may be ascorUiined whether the shalcy as it is called, 
is argillaceous or calcareous; but when it is known that 
the coal-beds belong to the alluvial deposits, it will bo 
evident that the intermixture of mineral and organic 
matters must have proceeded collaterally, even al- 
though tlie latter appears in such excess as completely 
to obliterate any traces of the fonner. In Great 
Britain, cotd is principally in tJie cJfrbODiferous forma- 
tions, occupying a posterior place in the series of 
stratified rocks; and where the same stratification of 
limestone rooks is met with in other countries, beds of 
coal are generally to bo cncounlered. Still coal is not 
confined to this set of rocks ; it is found in different 
parts of tho strata, from the Devonian down to the 
most recent tertiary formations. 

Mlneralogicnl Characters. — Although here the sub- 
ject under consideration is spoken of as a mineral, it 
ought to be remembered tliat,. strictly speaking, it is > 
not a pure one, but a mixture of various matters, of ! 
wliich carbon is tho principal. . It may, however, bo 
regarded as organic matter rrmeralized] and, as it 
manifests some of the getiwal 'proj>crties of minerals, 
these will be noticed. The several known varieties of 
coal jiossess cacli some distinctive feature, differing from 
one another in hardness, fracture, ei cetera. Several 
B})ecies break up into cubioal and rhoniboidal fragments; 
whilst others — such as the anthracite — are nearly de- 
void of eiystallinc structure. Generally, the fracture is 
conchoidal, uneven, fibrous, or slaty ; in Boghead coal 
the fracture is conchoidal, peri^endicular to the plane of 
stratification, hut slaty when parallel. In color, it pre- 
sents according to the variety every difference of hue, 
from jet-hlack to brownish-yellow ; many kinds have 
a glossy brilliancy; others — such as the varieties of 
anthracites — a beautiful semi-metallic iridescent lustre; 
whilst some — such as the Wemyss, Metliil, And other 
varieties of cannels — ^have a dull appearance. Coal 
exhibits great differences in point of hardness, although 
none of the varieties possesses it in an eminent degree, 

A iilhracite has a specific hardness of two to two and a 
half. The gravity of several kinds of coal differs ac- 
cording to the texture and age; the liglitest kinds have 
a density bordering on 1*00, whilst tfts heaviest range 
from 1 ’76 to 2*00. 
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Chemical Characteristics * — From what has been 
stated, it is evident that a chemical examination of 
coal would, in the simplest manner, lead to its division 
into iuorganio .and organic substances, and that these 
are contained in it in variably proportioi^ ; and, fur- 
ther, that each of these classes can be resolved into 
other substances, the most characteristic of coal being 
those generated by the vegetal portion. This arises 
from the large proportion of the elements always found 
in it~namely, carbon, hydrogen, and oxygen ; and 
which, by the action of boat out of contact with air, 
are converted into numerous and peculiar substances. 

Distillation in close vessels resolves coal into solids, 
liquids, and gaseous bodies, consisting of carbon or 
coke, tar, aminoniacal liquor, benzol, naphtha, naph- 
thalin, paraffin,^ paraffin oil, and illuminating and other 
gases, in various quantities. By the detection of these, 
and the proportion in which some are contained in the 
substance, a good inference may be drawn as to whether 
the body be coal or otherwise : nevertheless, the evi- 
dence is not so conclusive as when the investigation Ls 
conducted microscopically. 

Microscopic Characters , — By the use of the micro- 
scope, the most conclusive proof of the origin of the 
coal is attained. Dr. Aitkkn of Glasgow has care- 
fully investigated the structure of coal, and found that, 
even in the most altered specimens, traces remain 
sufficiently Oharacteristic to prove that the material is 
of vegetal origin. 

In the variety of bitumens, whether pure mineral 
tar, or asphaltum, no such structure is observable, and 
consequently, in the hands of a cheraico-inicroscopist ’ 
there is notliing to render the detection of real coal a 
matter of micertainty. 

Oritjin of Coal. — Such. being the principal or more 
marked characters by which a substance submitted to 
examination may be affirmed to bo coal^ it 'will noAv be 
desirable to enter more fully upon the origin and nature 
of this product, in rpference to its value as a fuel. 
Allusion has already been .made to the analogy which 
exists between peat and coal, and the reader will have 
inferred that coal, like peat, has been produced by the 
decomposition of species of organic growth. All who 
have given attention to the composition of coal, and the 
geological position it occupies, concur in this view of 
the subject; and the Editor will now explain briefly 
the different opinions advanced as to the manner in 
which the change and disintegration of the vegetal pro- 
ducts have been produced. 

It may be said that the process which has operated to 
convert countless reproductions of plants into peat bogs, 
has been similar in the case of coals to some extent ; 
but, geologically considered, it is evident tliat the 
oldest peat deposits are of modern formation, when 
compared to the most recent beds of coal. Of the 
vegetal origin of the latter, no doubt can bo enter- 
tained) even if the microscope had not revealed the fact 
in the more compact varieties, since among other indi- 
cations, oven tho trees have been found in their natural 
position converted into coal. The character, the variety, 
and the immense mass of vegetal matter thus converted, 
have led to the* conclusion that the several species of 
plants whence coal has resulted were indigenous to a 


southern or equatorial climate, as it is certain they 
could not flourish so luxuriantly in the existing tem- 
perature of northern latitudes. The varieties most 
commonly distinguished in the different strata are 
ferns, cabmites, sigillarise, stigmariffl, and others; in 
fact, no less than throe hundred distinct kinds have 
been detected. 

As to the manner, however, in which the strata of 
the coal deposits have been formed, tliere is much 
difference of opinion. Some geologists suppose that 
they were originally peat, tho several successive kyers 
being occasioned by successive subsidences of tlie 
land; whilst others assert that tl)e various con^tu- 
ents were originally conveyed by currents to estuaries 
and deltas, whore, being buried under the sand, mud, 
and debris brought down by tho current, they were 
subsequently submitted to agencies which effected 
their carbonization. It is certain that the surface 
of the globe was at one time nearly submerged in an 
ocean, in which state it remained till, by the effects 
(bf volcanic eruptions, portions were uplifted, causing a 
corresponding depression in other places, and thus 
forming valleys, tlie forests and vegetation qf which 
were buried under layers of loose earth and mud. At 
the same time, it would require many such forests to 
constitute a layer of the tliickness of some of the coal 
scams, and these can scarcely be imaglued to have 
been produced otherwise than by the drifting of vast 
accuniulatioris of trees and plants into tlie basii^ in 
which coal is now found. 

But leaving geologists to discuss and settle these 
questions, it is more in accordance with the plan of tliis 
work to attend to the clicmical changes which have 
contributed to the conversion of the organic fibre into 
tho carbonaceous matter in question. Whether the 
organic products on the surface of the earth were col- 
lected by changes in the relative position of tlie eartli’e 
solid crust, or by the force of violent currents, such as 
the large American rivers of the present day, it may 
bo admitted and assumed as a fact that tliey wore em- 
bedded with other matters saturated with moisture. 
The first natural change under such circumstances 
would be a fermentation of the albuminous matter and 
tho gum, by which their molecular constitution would 
bo broken up, and bodies of a simpler composition 
formed. The exclusion of the air after a short time 
would suppress tho eremacausis or decay of the sub- 
stance of the wood and fibrous matter, but tho equili- 
brium of tlie affinities of the elements in the plants 
being broken, and considerable pressure being exerted, 
coupled with a certain rise of temperature, the change 
of elements arising from the now elective affinities 
would contribute to remove tho hydrogen and oxygen 
to that extent which is observed in the composition of 
coal. The oxygen and hydrogen being most subject 
to tlie effect of this metamorphosis, these elements, 
leaving tho carbpn, would more readily assume their 
simplest and most permanent state of combination; 
but, as in the process of destructive distillation. already 
i alluded to, the conditions supplied are capable of in- 
ducing the water thus constituted to react upon a por- 
tion of tlic carbon, so in the coal fonuations, where the 
enormous pressure must have operated With an cfiect 
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in Rome degree equivalent to an increased temperature, 
the moisture and excess of hydrogen would convert 
the remaining substance into carbonic acid and car- 
bides of hydrogen respectively. The actual facte, as 
determined in coal mines, seem to boar out this view. 

From such considerations it will be readily concluded 
that the elementary composition of coals must bo 
different from ligneous fibre; but following up the 
assumed alteration by a symbolical representation, the 
composition of coal offers very conclusive grounds to 
warrant the opinion that the former has resulted from 
the latter in the manner indicated. For instance, the 
composition of woody fibre may, as already stated, be 
represented by the equation 0^^ ; and if, by the 

change above indicated, three equivalents of carbonic 
acid bo extracted, represented by Cg 0^, tliere results 
Cgg Hgj Ojg; and if from this one equivalent of hydro- 
gen be taken away, represented by II, there is loft a 
formula — Cgg 0^^ — corresponding with the com- 

position of a variety of coal worked in Laubach. 

In like manner the formula of splint coal may be 
deduced fj-om the elements representing woody fibre, 
by supposing that the combined agency of beat and 
pressure removed nine equivalents of carbonic acid, 
three equivalents of water, and tliree of carbide of 
liydrogen, thus : — 

I Eq. of woody fibro, = T-jq Ogg 

0 Eqs. of carbonic acid, == 


3 Eqs. of water, 


3 Eqs. of carbide of hydrogen, 


t’27 11 19 t) 

• ■ t's l^lfl • • 


Splint coal, . 


According to the degree of force exerted upon tlie 
decomposing substance, and the period of time in 
which this change was taking place, it is evident that 
the Buhstances would be more or less removed from 
one another in composition. In the first example sUted 
above, the forma^on bears every indication of recent 
production, when compared with the second ; and this 
accounts for the close analogy between the two for- 
mulas of wood and that species of coal. In other kinds, 
such as many of the antliracites, the alteration is much 
greater than oven in the splint already n^ferred to, and 
it is much more difficult to recognize tlie analogy be- 
tween them and wood, for often all the oxygen and 
liydrogen are removed, so that nothing is left but car- 
bon and the mineral matters intermixed with it. 


Coal Measures . — The region of the coal formations 
is veiy extensive, and includes many strata, all of which 
are known as the coal-measures, or carboniferous group. 
Properly speaking the first of these is what is termed 
the U)ider4ay / this is, a tough argillaceous substance, 
which, upon drying, turns grey and becomes friable. 
It rctiiins considerable traces of carbonaceous matters. 
Two other strata beneath this are, however, included 
in the group ; these are the mountain limestone, which 
varies very much in thickness, being sometimes nine 
hundred feet, and the old red sandstone upon which it 
rests ; the latter stratum ranges from two hundred to 
two thousand feet in tliickness. Next to the underlay 
ill the ascending scale comes the seam of coal, or mo- 
dified organic matter, varying from less than a quarter 
of an inch to several feet. Above these the upper 
layer or roof, as it is termed, rests. It is composed of 
slaty clay abounding in vegetal remains, as well os 
with CTustaceie, and several other matters. Interstra- 
tiiied with the latter arc found various other substances, 
which seem to have been accumulations drifted by cur- 
rents, such as laminaied clay, grit, limestone, granite, 
sandstone, and other rocks. 

All these dej)osits at one tiuie^ doubtless,' formed 
regular horizontal layers, but through the effects of 
expansion in the depths of the earth, dicy have been 
distoiled and throAvn into undulated positions, and 
where the inlcmal force has boon very great, they 
have, by the uj>heaval of the subordinate strata, been 
formed into laige valleys or basins. From Uic position 
of these layers, ])rovious to sucli conviilsions occurring, 
it is obvious that as the older deposits of mountain 
limestone, old red saiidsttine, et cetera, emerged in suc- 
cession, so the more nKuIern layers, including tlie car- 
boniforous, woul«l appear at the surface. This api>ear- 
ance is termed the cropping out of tlie strata, and 
serves to indicate the side of the basin. Considerable 
irregularity is occasioned b}' further subt(*rriinean dis- 
turhamies which tend to alter the position of the strata 
subsequently to the first upheaval of the older forma- 
tions. These generally render the deposits somewhat 
irregular in shape, so that they seldom form a tnio 
basin. In some localities, as in the Leicester and 
Warwickshire coal-field, none of the characters of a 
basin are observed ; in the latter instance, the seams 
arc surroiuidod on all sides by overlying deposits, under 
whicli they dip or incline to a considerable depth, and 
extend to an area unknown. 

Fig. 53 represents this fitdd in section, showing the 
alluvial deposits at a a; the new red sandstone, or marls, 







at bb; the carboniferous sliale and coal at cc, interlaid faint idea of the disturbances which are occasioned in 
with carboniferous grit, or sandstones, vv; E, beds of the vaiious beds by fissures filled with other materials, 
magnesian; and p the stratum of mountain limestone, Tliese veins are, in the language of the miner, called 
resting on the old red sandstone, a. Fig. 54 gives a (lykes, as tlioy are the means of scparatiiig the strata 




thrown out of its level, and, according as it is removed 
to a higher or lower one, the fault is called an up-tlirow 
or a down-tliTow. The displacement occuriing at many 
of these shifts is considerable, and gives no small trouble 
to the miners. The largest known is that which runs 
through the ^Northumberland and Durham coal-field, and 
is termed the Ninety -fathom dyke, from the fact that the 
scams of coal are ninety fathoms lower at one side of the 
slip than at the other. Various matters fill these inter- 
secting veins ; hard and soft sandstone is contained in 
the one in question, which in some parts, especially at the 
Montague Colliery, attains a width of twenty-two yards. 
Two other dykes spring from this at the Southern side ; 
one of which takes South-eastern direction, and is 
about twenty, yards in breadth; the other a South- 
western one, and attains a breadth of scvetify yards. 
Both branches are filled with the same material as the 
primary one, hut do not appear to have caused so great 
a disturbance at their point of intersection. These are 
represented in the foregoing drawing at F f, s s ; but 
the others, although they partake of the nature of a 
dyke, are not recognised ap Siich. Fur instance, those 
shown at n jy' arc of a diflerent cliaracter, and are called 
«i?Am-dykes, containing products of igneous origin, such 
as basalt, toadstone, et cetera; fheso do not always 
cause a removal of the strata from tlie ordinary level. 
Evidence of their eruption ia a state of fusion exists in 
the fact, that the coal in their vicinity is more or less 
charred and converted into a true coke; besides, many 
substances of a fusible nature are acted upon, and indi- 
cate the powerful temperature wdiich has pervaded the 
place, and wliicli is often productive of great loss by con- 
suming or changing the coal into anthracite, as shown 
at v/ in the figure, where the basalt and otiior products 
accumulate. The hitcli is another of those dykes, and 
is BO called when its thickness is less than that of the 


seams of coal which it intersects : this is represented 
at H H in the drawing. Smaller veins of foreign matters 
lying in any direction contrary to that of the strata are 
designated faults or troubles^ from the annoyance the 
miners experience by Iho interruption of their work. 
Several of these are seen at t t ; and although in work- 
ing they cause much trouble, yet sometimes they con- 
tribute to render a field more valuable, since, by the 
depression which they occasion, seams of coal are 
brought in which migl)t otherwise be lost An ex- 
ample of this is given in the drawing referred to, 
where, by the down-throw of the strata between P F 
and T T, two seams of coal are brought in which would 
not otherwise bo contained in it. Other intemiptions 
or irregularities in the coal seams are designated hands 
and nips; the former, shown at B, are thin deposits 
or beds of grit or shale occurring in the middle of a 
seam of coal, and which, from being very thin, gra- 
dually acquire greater thickness, till ultimately they 
reduce the seam so much as to render it valueless ; the 
second, shown at N, is a sudden local thinning of the 
seam, from an excrescence of the roof or floor. 

The distribution of coal is very extensive ; it is found 
in almost every country, although to a very unequal 
extent. The United States may be considered as the 
most Iiighly favored in this respect, if the area of their 
coal deposits be taken into account, irrespective of the 
extent to which fhc}^ are worked. It happens, how- 
ever, that, from the abundance of wood, the home con- 
sumption of the article is limited, while the conveyance 
is costly, so that the benefits which result from valuable 
coal seams in other nations, remain to be developed in 
America. According to the statistical calculations of 
Mitchell, the annexed table represents the amount 
and varieties of the mineral coal treasures in the United 
States: — 


TABLE SHOWING THE AKEA OP COAL IN THE UNITED STATES OF AMERICA. 


1. Alabama, 

2. Georgia, 

8. TennoBse, 

4. Kentucky, 

5% Virginia, 

6. Man'laiid, 

7. Ohio 

8. Indiana, 


Area of tho State Coal Arpne . a • 

hciuaro Mike. Square Mlleiw Vroiwrtlon of CouL Bpcelea. 

. .50,875 3,400 l-14th Bituminous coal. 

. 58,200 150 l-386fh “ 

. 44,720 4,300 1-lOth “ 

. 39,015 13,500 l-3rd “ 

. 64,000 21,195 l-3rd “ 

. 10,829 550 l-20th “ 

. 38,850 11,900 l-3rd “ 

. 3-4,800 7,700 1 Sth “ 

, 59,130 44,000 3-4th8 “ 

•• 15,437 l-3ra rrS' 


9. lUinoiB f)9,130 44,000 3-41118 

10. Pennsylvania, 43,960 15,437 l-3rd 

11, Michigan, 60,520 6,000 M21h 

12* Missouri^ • 60,384 • 6,000 .......... 1-lOth 


... 13.9432 


nearly t-4Ui tho area of tho twelve States. 
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It is certain that this vast tract of carboniferous 
deposit is not in its whole extent calculated to yield 
workable coal ; still, making every allowance for those 
parts wliich, from their thinness or doptli, cannot be 
profitably worked, it is evident that the area is suffi- 
cient to insure, for an almost indefinite period, a super- 
abundant supply. Although within tlie last thirty 
years the coal trade of the United States has increased 
from an annual produce of three hundred and sixty- 


five ^ns to five millions of tons, yet it must be evident 
at a glance tliat this enormous source of* wealth is per- 
mitted to lie comparatively dormant at the present day. 
In British America the coal measures are not so exten- 
sive as in the States; it is doubtful, indeed, whether 
any workable seams exist in Canada, but fields of con- 
siderable area are known in New BrunsWiok and Nova 
Scotia, making about two-ninths of tl^e .whole area*, And 
Newfoundland is said to be rich in this mineral* 


TAIU.K OP THE PlUWOtPAL COAT. FTFI.Oft IN THE BIITTIBH 


1 

FMthnotcHl 
workHUlti araii 
bi aoivi 

Number of 

woil'.iilile 

■tjnmii. 

' Eattuiiuiid 
tntul 

tblvknosd 
i»t H urkalUtt 
(tuU In luclL 

ThlrW 
bwt 
.In l«flt 

ThtoKncaii of 

nuriicttroii. 

1. Kokthcmeeeland and Bukiiam Distiuct;— 






Newcastle coal field, 

500,000 

18 

80 

7 

. . 

2, CUMUERLAND AND Wk«TM011£LAND, AND WesT RiDINO OP 






Yorkshire: — 





' , 

WhitchavciL and Akeriou, 

80,000 

7 

. . 

8 .. 

.;^,ooo 

Apjdeby — three basins, 

17,000 

. . 



* , 

Sober^ham — Cumberland, 

y 

1 

3 

3 - ^ 

. / 

Kirkby-Lonsdale, 

2,500 

4 


V 9 

.« • 

3. Imxcashire, Fmnthhibe, AND North St vki'okdhhikk 






Lancashire coal field, 

SflO.OOO 

75) 

150 ■ 

- 30 

6,000 

Flintshire 

120,000 

5 

39 

9 

200 

Pottery — North Staft'ordshire, 

40,000 

24 

38- 

, 10 • 

. , 

Cheadle, do., 

10,000 

. . 


• . 

. . 

4. Yorkshire, Nottinouamsiure, and — 






' Great Yorkshire coal field, 

650,000 

12 

32 

10 

. «. 

Barley Moor, Derbyshire, f 

1,500 





Shirley Moor, do , ) 






6. Rhuopshiue and Worcestermiire: — 






f Coalhrook Bale, Shropshire, 

21,000 

17 

40 

.. 

*. 

Shrewsbury, do., 

16,000 

3 


. . 


Brown Clec-hill, do., 

i,;soo 

a 



. . 

Tillcrstone Clee-hill, do., 

6,000 

. . 


, , 

. , 

Leckey-hill, Worcestershire, 

6.‘,0 

? 


. . 


Bewdley, do., 

45,000 

? 



. * 

6. South STAFpORDfliiiuE: — 






Dudley and W olveiham]>ton, 

6.5,000 

11 

67 

40 

1,000 

7. Warwickshire amd LEioESTEitsHiRE: — 






Nuneaton, 

40 000 

9 

30 

15 

. , 

Ashby-de-la Zoiich, 

40,000 

5 

33 

21 


8. SC/MKRM£T.^H1RE AND GLOUCESTER.'miUK 






Bristol, 

130,000 

60 

sfO 

. . 

. , 

Forest of Bean, 

36,000 

17 

.37 



Newent, Gloucestershire, 

1 ,50f) 

4 

15 

7 


9. South Welsh Coal Field, 

600,000 

30 

100 

9 

12,000 

10, Scottish Coal Fields; — 












Lanarkshire, 

1,000,000 

84 

200? 

18 

6,000 

South of Scotland — several areas, ) 






Mid-Lothian, 

? 

21 

94 

, , 

4,400 

EaHt-Lothiau, 

? 

60 

180 

13 

6,000 

Kilmarnock, ) 

? 

3 

40 

30 


Ayrshire, jT 





• * 

Fifeshire, 

? 

? 

? 

21 


Dumfries coal region, .' 

45,000 

10 

65 

6 

. , 

11. IiusH Coal Fields:— 






Ulster, 

.500,0(t0 

9 

40? 

6 


Connaught, 

200.000 



, , 

. , 

Leinster — Kilkenny, 

150,000 

*8 ' 

2.3 


, . 

Munster — several, 

1,000,000 




* • 


In the area of her coal deposits, Britain ranks next to 
tlie United States, and greatly exceeds the latter in the 
extent and value of her workable mines. The total ex- 
tent of coal in England is estimated at about six thousand 
and thirty-nine square miles, or one-eighth of the whole 
area; in Scotland, one thousand seven hundred and 
twenty square miles, or one-eighteenth of the whole ; 
and in Wales, one thousand one hundred and sixty 
square miles, or about one-sixth of its entire extent*, : 


The principal deposit is that known as the gi'eat central 
coal-field, lying in South Yorkshire, Nottingham, and 
Derby ; it is no less than sixty-five miles in length, and 
averages in some parts a breadth of twenty-five, making 
on the whole an area of about six hundred and fifty thou- 
sand acres. Next to this may be classed the Lancashire 
and Cheshire field, including Uxe Wigan district; this 
deposit is about fifty miles in length, with an average 
Inreadtli of ten miles, and is, tlierefore, no less than four 
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hundred thousand acres in area. Another held, which 
seems an extension of the latter, runs from its south- 
eastern extremity through Cheshire into Staffordshire, 
in which are the Cheadle, Macclesfield, and Pottery 
ooalTfields. The third great deposit is that of Durham 
and Northumberland, which stands probably first in the 
list as to tiie quantity of fuel that is obtained from it. 
This vast 4epoeit*-H;nlled also the Newcastle coal-field 
— is estimated at thirty-six thousand acres situated in 
Durham, and about one hundred and fifty thousand 
acres in Northumberland. Of this extent about sixty- 
seven thouwd ac^es are already worked. Estimating 
the content of this field at a thickness of twelve feet, each 
acre of four thousand eight hundred and forty square 
yards is supposed to yield a ton of coal per cubic yard, 
thus making the total weight of coals in this field about 
ten million tons, including the quantity destroyed and 
rendered unserviceable. 

BesideB the above, there are several other mines of 
secontiacy importance, from which a considerable quan- 
tity of coal is annually extracted. 'J’hese, with their 
area, thickness, the number of workable seams, et cetera, 
are exhibited jn the table in previous page, which is 
extended to embrace Great Britain and Ireland. 

On the Continent the chief coal -producing countries 
are Spain, France, Belgium, and Prussia, although 
several others possess many valuable coal basins which 
hitherto have been little worked. The following dia- 
gram — Fig, 55 — taken from TAYiiOR’s work gives a 
moderately comprehensive view of the comparative 
area of coal in the various countries that have beeti 
mentioned. It includes not only the workable seams, 
but the entire carboniferous area : — 


It is evident, however, that this diagram, with its 
numbers, does not exhibit the relative value of the 
coal-fields in the different countries. This mttst de- 
pend on many circumstances, apart from the mere 
consideration of superficial extent; but their produc- 
tiveness at the present day is shown in the next dia- 
gram-— Fig. 56. 

DIAOUAM OF THK HFLATIVB AMOUNTS OF FBODUCTIQV OF 
MINERAL COMBUSTIBLES IN TUB BIX FBINCIPAL OOAL-PBO- 
nUCINO COUNTRIES OF THE WORLD, IN THE TEAR 1845. 



DIAOUAM OF THE SUJ'ERFICIAL COAL AREAB OF VARIOUS 
COUNTRIES. 
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Contriet 

Hqtmro 

mlltwoloMl 

formation. 

nlMd tn ie«5. 

Balatlv« 
uArtii of 
iUUU. 

OfHoiftI 

VklM 

Of the pliicc» 
oTprodaeiKm. 

Oreat Britain, .... 
Belgium, 

11,859 

518 

133,132 

1,719 

TlOt 

defined. 

31,500,000 

4,960,077 

4.400.000 
4,141,617 

3.500.000 
659,340 

642 

101 

89 

84 

70 

14 

9.450.000 

1.660.000 
1,373,000 
1,603,106 

856,370 

165,290 

United States, 

France, , . 

Prussian States,. . . 
Austrian States,. . . 

Total, 


49,161,034 

1000 

15,108,729 



It may be added, as the result of recent researches, 
that Asia and even Africa have been found to be very 
well stocked with fossil fuel ; and, iiideed, there can be 
little doubt that the East Indies and China will yet 
become coal- producing countries. The same may be 
said of Australia, and otlier British colonies. 

Different Kinds of Coal. — From the acknow- 
ledged transformation which the substance of the coal 
has undergone, and from its progressive nature, it is 
natural to expect that the material so produced 
should have very diflerent properties, according to 
its more or less advanced state of decomposition. 
Such is really the case, and various species of coal 
exist differing by slight and regidar gradations from 
the most recent lignite or brown coal, in which 
the outline of the wood may be easily traced, up 
to the must perfect anthracite, in which every vestige 
of the original is lost, and nothing remains but a con- 
glomerated charcoal. Many of them, indeed, have so 
close a rescniblauco to one another, and pass so imper- 
ceptibly from one stage to the other, that it is almost 
impossible to mark the distinction between them. 
Several species, however, may be classified on broader 
data, grounded partly ujjoti age, partly on their phy- 
sical appearance, and partly on their composition. It is 
by these criteria that the classification of the fossil into 
brown and black coal, or into the bituminous and non- 
bituminous varieties, is effected. Several members are 
contained in each of these groups, but many kinds blend 
with each other in such a manner that it is difficult to 
draw a line of demarcation between them. Classifying 
the chief varieties according to their supposed age, the 
whole of the coal measures may be included under three 
heads; namely, the younger coal of the deposits, 

the older bituminous kind of the secondary formations, 
and the anthracites of the older traiisitiou series of rocks. 

Lignite , — The coal of the tertiary formation, which 
includes several varieties, has been designated hrovm 
coal or lignite^ from its characteristic appearance. This 
species, termed also bituminous wood, is the most inicr- 
esring, as clearly exhibiting the ligneous structure of the 
matter from which it derives its name, in such perfection 
as to furnish sufficient data for instituting a diagnosis of 
the plants of very remote eras. It has a brown color; but 
this varies with the depth of the bed. The Bovey coal of 
Devoushire is a member of this class; it presents a dis- 
tinct woody structure, and very rarely a conchoidol frac- 
ture ; it is devoid of lustre, is brittJe, and boms readily, 
leaving a white ash. Some others, however, such as , 
tlie more compact kinds, exhibit a more or less* con- 
cboidtd figure and slightly resinous lustre^ 
latter case, the color is brownish-black; 


called eaiiby-brown coal, to distinguish itfl*oin another 
kind of the same species, dengnated the 

structure of which is more dense, as shown by its dis- 
tinct conchoidal appearance when broken. Between 
these extremes may be found the hrmm caHhg 6oal^ 
so named from its argilladeous fracture, crumbling into 
loose friable particles; and Tnoor coal^ in which the 
BtructuTo of tlie plants is obliterated, and which exhibits 
in its fracture more or less lustre. 

The species of coal embracing these Taricties is en- 
countered in several of the formations on the Continent; 
at Bovey Tracey in Devonshire, near Lancaster, and at 
Lough Neagh in Ireland, where it cmistitutea three 
beds, averaging in some parts a thicknoBS of sixty feet. 
It is very inferior as a fuel to the other varieties of coal 
which will be presently described. As dug from the 
mine it is more or less impregnated with moisture, 
which it persistently retains, and which, even if en- 
tirely expelled, is reabsorbed with great avidity. Tims 
Eeinsch determined in a sample of wood' coal from 
the Upper Pfahs, in Bavaria, forty-three per cent, of 
moisture, and in an earthy-brown coal, thirty. Vak- 
KENTRAPP found no less than forty-^ght per cent, of 
moisture in fresh lignite from Ilelmstadt, and fhrtlier 
ascertained that, after thorough desiccation and re- 
exposure to air, about eight poc< cent.! of* water was 
again absorbed. By stacking this coal for emne time, 
much of the w'ater evaporates, so that tlie 'moisture 
averages about thirty per cent. ; but if the exposure 
be made in summer, the quantity is lessened tor twenty 
per cent., the bulk of the coal undergoing a correspond- 
ing reduction. 

j Distinct from the foregoing in physical appearance, 

I though to some degree analogous in chemical composi- 
1 tion, are those non-compact bodies, termed bituminous 
I coal, in which the structure of tlie plants is entirely 
effaced, and tlie color and appearance are indicative ot 
a pretty advanced stage of decomposition. Of this kind 
there are several varieties, distinguished by character- 
istic properties. When treated with ctlicr Uiey all yield 
more or less bitumen, and hence the general designa- 
tion, bituminous^ to distinguish tlicm from the anthra- 
cites i)roper, which afford none of that substance. The 
following most marked varieties of this description are 
caking coal^ splint coal, cherry coal, and canntl or 
parrot coal. 

Caking coal is a moderately compact fuel ; its frao- •, 
ture is uneven, and its lustre varies from a resinous 
to a velvety or greyish-black appearance. When 
heated, it breaks into^small pieces, if the amount of 
bitumen be not more than the average, but afterwards 
the fragments agglomerate, and form a hard compact 
l>ody; when the per centage of bitumen is high, it 
fuses at once into a pasty mass, and during the applica- 
tion of the heat bubbles of gaseous matter escape, 
leaving ultimately a carbonaceous substance, in which 
all traces of the original are effaced. Ignited in air, it 
bums with a yellowish flame, which is intermittent, 
unless the fuel be kept repeatedly stirred, so as to 
prevent its caking. The latter tendency renders this 
oofd unsuitable for many operations where great heat 
se<|aired, as the draught is impeded by its caking 
It is, however, a valuable fuel, especially 
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as it ja very ofkMi possessed of qualities which render 
it applicable for the manufacture of gas and coke, the 
latter hehag most eligible as a heating agent where the 
coal itself cannot be employed, 

Osking 6oal is very general, being met with in 
almost all the coal-fields of Great Britain, but more 
especiaDy in the Newcastle and Wigan districts. 

Splint or Hard Coal . — This variety occurs most 
abundantly in the Glasgow coal deposits, where, for 
general application, it is highly prized. Its color is 
black or brbwnish- black,, and its lustre resinous and 
gUstanmg. When broken, the principal hacture ap- 
pears imperfect and slaty, but the transverse one 
shows it to -be fiQe'grained,^ uneven, and splintery ; 
hence, aa well as from its liardness, the term splint. 
It kindles with greater dif&culty tlian the preceding 
variety, but when once ignition has taken place, it pro- 
duces a fine clear fire, and throws out much heat. 

Cherry, or Soft Coal . — The similarity in physical 
appearance between this and the caking coal is very 
great, .though ► for the most part the lustre of cherry 
coal is much more splendent, and hence the name 
given it by the miners. It differs from caking coal in 
not undergoing fusion when heated. Owing to its 
great brittleness, .it is not economical in tlie working. 
It readily ignites,, and *makes a lively fire, yielding a 
clear yellow flatno, but is consumed rapidly. Ihia 
species is likewise met with in the upper strata of the 
Glasgow beds, as also in Staffordshire, in tho Lanca- 
shire district, et cetera, 

Cannely Candky or Parrot Coal , — This variety has 
a very compact and even texture ; a shining resinous 
lustre, and a color varying between a jet and a greyish 
or brownish black. The lustre of canncl coal is some- 
times not so very distinct as that of pitch coaly which 
is a species of tlie caking kind; its compact texture 
and gravity are sufficiently characteristic to distinguish 
it from the other sorts. The fracture of cannel is flat, 
conchoidal in every direction, and sometimes slaty. It 
takes a good polish, and on this account is manufac- 
tured into numerous articles, such as inkstands, snuff- 
boxes, beads, et cetera, 

Cannel is found in several coal basins, but most 
abundantly in the Wigan district, at Losraahagow, 
near Glasgow, and at Coventry. It is so named from 
• its property of burning and yielding a bright flame like 
^ a candle. The other name, parrot coaly which is of 
Scottish origin, is deri\i|}d from its decrepitation when 
thrown on the fire, owing to pieces of the coal flying 
off when heated. 

Many other local appellations are given to the coal 
even from the same field, if it includes many seams, but 
these are of little interest to tlie consumer. 

Anffiracite, — ^In speaking of the origin of coal, allu- 
sion has been made to this variety as being the oldest, 
and, consequently, tlie furthest removed from its vege- 
tal source in composition and physical characters. 
This fossil, which is sometimes known as glarce or 
tUms coal, is a hard compact substance possessing 
much lustre, often iridescent; the more perfect variety 
is entirely free from bituminous matter, smd hence it 
constitutes a class of the eoal formation in Itself. TheSi' 
characters are not observed in all the anthracites, 


generally retain more or less bituminous coal interstra- 
tified or otherwise mixed with portions reduced to the 
state of true anthracite. The mixed vaiieties, or semi- 
anthracites, admit of being employed as a substitute for 
caking coals in many cases where a true anthracite 
would not answer the purpose. 

This is the densest of all tlie' coals known, excepting 
such as ore very earthy or otherwise mineralized. It 
contains, when a true anthracite, only carbon, water, 
and inorganic salts, but generally more or less hydrogen 
and oxygen, besides tlic proportion of tlie latter ele- 
ments in the form of water. Anthracite is ignited with 
great difficulty, and being dense, and having a tendency 
to break up into fragments when heated, in consequence 
of the expulsion of the water contained in it, it is not cal- 
culated to produce a strong fire in the ordinary grate or 
furnace, although, when once thoroughly ignited, its 
calorific power is very great. By a suitable modifica- 
tion of the grate or furnace, and proper management, 
it may in numerous instances — not tlie least of which 
is its application to smelting — ^bo employed with ad- 
vantage. 

^ Anthracite is found most extensively in America, 
where it constitutes immense deposits, in England, 
it is chiefly worked in the South Wales coal-field, 
although it may be met with in largo quantities in 
other basins. The total area of this description of 
fuel in Great Britain and Ireland is about three thou- 
sand seven hundred and twenty acres. 

CiirMiCAL Composition op Coal.— The localities 
and general charactoristics of the principal varieties 
of coal having been noticed, the Editor will proceed 
to a more minute examination of its composition. 
It has been already laid down as a general principle, 
that, the value of a fiiel is proportional to the amount 
of carbon which it contains. Like other rules, how- 
ever, this admits of exceptions, and, for some pur- 
poses, the cool is valued according to its per centage 
of hydrogen. This is especially the case with coal 
intended for gas manufacture, and also when employed 
as a fuel in such arts as require the heat to exert its 
power at some distance from the fire. Moreover, other 
ingredients may be contained in the coal in proportions 
very insignificant when compared with the carbon and 
other inflammable portion, but still so injurious in their 
effects as to render the fuel unadapted for many pur- 
poses to which it might otherwise be applied with good 
results. Among these are found sulphur, arsenical and 
other kinds of pyrites ; and similar prejudicial effects 
are produced by the presence of considerable portions 
of sulphates, or, in fact, of any mineral matters which 
undergo no change during the combustion. The pyri- 
toua ingredients are, however, the most deleterious, as 
during combustion they evolve sulphurous acid, and if 
arsenic be contained in tiie coal — ^which is fortimately 
a rare occurrence — arsenioua acid will be eliminated. 
Now, both the sulphurous and arsenioua acids are 
highly obnoxious and dangerous, and ought to be 
avoided as much as possible. From all these 
siderations, it is evident that, to determine the quafity 
of any species of coal, with a view to ascertain 
for a given purpose, nothing short of a know- 
composition con be relied on ; and 
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this can only be arrived at by careful aualysc's. Before 
proceeding further, therefore, the difierences in che- 
mical composition of the principal varieties will be 
examined. 

Lignites , — It has been stated that this species of coal 
belongs to the tertiary or latest formations, and retains 
much of the ligneous structure from which it derives 
its name. The general results of its distillation are a 
coke or charcoal containing mineral matters — aqueous 
products, more or less charged with pyroligneous acid 
and ammonia, tar, carbides of hydrogen, carbonic 
oxide, and carbonic acid. The relative proportions of 
these vary in different specimens ; but, on the whole, 
they exhibit a great similarity of composition in this 
substance, as compared with peat and wood — more 
especially the former. By further treatment the ana- 
logy is more fully established: thus, when lignite is 


treated with caustic potassa, it dissolves, yielding a 
dark- brown liquor, which affords a substance resem- 
bling in its reactions ulmin, the principal ingredient of 
peat. Again, the coke which remairis after the dis- 
tillation of lignite retains the outline of the sample 
operated upon, just as in the ,c^lBe of peat or wood, a 
circumstance which happens with no other kind of coal. 
It is to be observed, however, that these characteristics 
apply only to strongly-marked liguite or brown coal. 
The trausition from this to, true coal is gradual, both 
as regards the physical and chemical properties. The 
composition of lignite varies according to the age and 
position of the deposit, but this difference is chiefly 
confined to the mineral and aqueous constituents. 

The following table, from Kichardson and Ron- 
alds, exhibits the inorganic constituents of variouf 
lignites and brown coal : — 


Variety of Hrown Coal or Lipilto 

r Lignite from Aussig, 


Bohemian,. 




“ Hegendorf, . . 

“ Neuendorf, . . 

“ Coulaiig, . . . 

Earthy, from Griinlas, . . 

B.v«iat,Ob-rf.h,|Lig„Ue from V.'. . 

“ Greece, 

“ Usnach, .. 

“ Cologne, .... 

Earthy brown coal trora Dax, 

“ “ Douches du KhOne. 

“ “ Nieder-Alpeii, . . . 

“ “ Herschberg, *1 f 

Pitch coal, I T> .I,.,! 1 I . 

Middle sort, f -j 

Lowest sort, J (^ . 

1 Pitch coal from Habichti?wakl, 

I “ “ . 

Stillberger coal, Sdhrwald, . 

Lignite from Ilirscliberg, ... 
j' “ Iceland, 


Casael, . 


Balling. 


Roin^ch,. 


Kegnauli* 


iKuhncrt. 


j, From Duren, on 
the left bank of i 


the Khine,. 


Near Boom, on the 
right bank of the 
Khine, 


another sjiecimcn,. 

Utwdler, 

Gntbe Ur welt, . . 

a 

Friesdorf, 

Putzchen, 

Stbsschen, . 

Orsberg, 


Coal from Schdningen, \ f • 

“ Ilelmstadt, I I 

Flate coal from Azberg, 

“ Agft UeusH, 

Earthy lignite from Wigan, 

“ t3oric(']»tioii Bay, . . 

Lignite from Randy Bay, l^atagonia, . 

“ Talcahnano Bay, 

“ Alteni, Germany, 

** Lough Neagh, Ireland, . . . 

Isle of Madeira, 


ASS'! 
frol 
6-9.3 
5*13. 

1*60 
••6*66 
10*00 ) . 

• S*4Cf/^ 

9*02' 

2*19 

6*4^ 

4*09 

13- 43 
3*01 

lfj-47 ' 

2*43 
0*81 ! 

2- 70 

3- 30 
4*92 
1-33 

3- 33 
6-95 
1*20 
8-80' 

27-50 
C-90 

4- 00 
27-05 

1*69 

14- 90 
4-40 

17-40 
14-40 
2«-20 
43-20 
58*00 
7*80l 
8*40 J 

6*00 J 
4*95 J. A. Phillips. 
7*49) Admiralty 
l;3'29 ^ Coal 
6-92) Investigation. 
1-16 Kremers. 

6*84 

20*05 Johnston. 


J-Karsten. 


Varrentrapp. 

Reiusch. 


Thus it will be observed, that the inorganic matters 
contained in brown coal or lignite vary from less than 
one to nearly sixty per cent. For example, the amount 
of ash in a species of pitch coal from Herschberg is only 
0'81 per cent, while, . in a variety from the bank of the 
Rhine, it is 68 per cent. But those which contain the 
lat:ger amount can scarcely be classed with J 

they cannot be economically used in that 




except, perhaps, for the combustion of shaly matters, 
as in the manufacture of alum, et cetera, A much 
closer coincidence is found between the elementaiy 
composition of the organic matter in different speci- 
mens than appears in the mineral portion, as is shown 
by the annexed tabulated results of the analysis of 
.||!Q[prat varieties, also transcribed from the able work 
and RoNA£|>B ^- 
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BtBICEKTAEY AVALTBEB OF BtlOWK COAL. 

C«nM|rii»«l|l9r. 


' Broivti Coal or Lignite. 

Earthy^ from Dax, 

0 • Bouches du Ithdiie 

. ** ' Neiider-Alpen, 

Eart1iy->--oonsiBting of stems — ^from Meissner, . . . , 

pitch coiu, 

from Bingknhl, Hirschherg, . 

“ ‘‘ Hahichtswald, 

“ histrons coal, Rinekuhl,. 

, '*’* allied to pitch coal, Hal^htswald, .... 

lowest vein at Ringkuhl, 

“ middle, 

Stillberger, 

“ Belmstadt, Prince of Wales mine, 

“ ** another mine, 

** Bchdnengen Treue mine, 

^ ' another pit, 

Lignites from Ringkuhl, 

“ Greece, 

“ Cologne, 

“ Usnach, 

**■ Laubach, 

Earthy brown coal from Wigan, 

** “ Conception Bay, 

Lignite from Sandy Bay, Patagonia, 


“ Lough Neagh, Ireland, ■' 

“ • , “ “ another sample, ,* 

^ ' 1 

Tbo average content of nitrogen ranges from 0-5 to 
1*5 per cent. Taking the mean of tlie numbers repre- 
senting the components oT the true lignites, the results 
would indicate the, annexed composition : — 


S/dTQgvn. 

5- 59 
4*58 
5*20 
3*19 
4*75 
4*36 
4'52 
4*82 
4-20 
4*09 
4*01 
4*62 

4- 84 

6- 85 

5- 07 
4*54 
5*25 
5'00 

4- 98 

5- 70 
6*03 
6*30 
5*84 

6 - 08 
6-44 
6*95 
7*35 


Oxymn 

•nd NiLogaa. OlMvmr. 


19*90) 

18*98 ^Begnault. 
22*74 

7- 69 
27*15 

24- 64 
26-10 

18- 51 J-KUhnert, 
26-98 

21*91 

22*31 

21-38 

19- 87 ■ 

m-79 [varrentrapp. 

23-12 

30-37 KUhnert 

25- 62) 

27*11 vRegnault. 
36-84) 

36-10 Liebig. 

8- 54 J. A. PhiUips. 
16*34) Admiralty 
19-44 y Coal 
16*93 j Investigation. 

28-08 


>-Regnault. 


Carbon, 

, . . . . 63 

Hydrogen, .... 

. . 5 

Oxygen and nitrogen, . ... 

... 32 


100 


But if the whole of the oxygen be assumed to be united 
with the hydrogen so as to form water, the actual con- 
stitution of tlie substance would bo represented by 
sixiy-three parts of carbon, one of hydrogen, and thirty- 
six of water. Some varieties of this species of coal 
arc used in tlio manufacture of various articles of or- 
nament, espocially in France, where the business is 
carried on with considerable success. 

Bituminous Coals . — Bituminous coal bears a general 
resemblance to the last, inasmuch as both contain the 
same substances, varying in relative quantity. Analysis, 
however, cannot always determine between them, and 
the physical marks noted in the preceding pages must 
■be observed narrowly before deciding. For tlio most 
part, the density of bituminous coal is greater than that 
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of the lignite or brown coal, unless the latter be very 
earthy and compact. Reqnault gives the density of 
the varieties of lignite which he examined, when in the 
dry state, as between the extremes of 1*100 and 1‘86. 
Fiarthy coal he found to have a specific gravity of 
1*254 to 1*276; but other varieties afforded Kuunert 
a density of 1*310 to 1*436. Many of these numbers 
arc much higher than that of the densest bituminous 
coal ; but this must be attributed to the superabundant 
presence of mineral matters. At the same time, the 
gravity of a true homogeneous coal is not always to 
be inferred from the amount of ash which it yields, 
although some investigators have endeavored to estab- 
lish a constant relation between the density of the coal 
and its inorganic constituents. It is evident, indeed^ that 
a substance may be very dense in its nature, and yet, 
from its state of aggi'egation, may give but a medium 
indication when its gravity is determined in bulk. This 
has been observed in the case of wood and charcoal, 
and equally applies to the substance under examination. 

The subjoined table, derived from the same autho- 
rities as the preceding ones, expresses the per centago 
of ash or mineral matters yielded by the several samples 
of coal mentioned, togetlier with the specific gravity:— 


Splint, . . . 
Csnnel,. 
Cherry,. . 
Caking,. . . 


Looidaj 

Wylan Banks, Newcastle, 

Glasgow coaliield, 

Wigan, in Lancashire,. . 

Parrot coal, Eilinhiirgh, ... 

Jarrow, Newcastle, 

Chief mass of coal from Gla^^gow, . . 

Garesficld, Newcastle, 

South Hcllon, Durham, 

Alais, Kochebelle, f lat and \ 

P'\e de Gier— P. Henry, ^^*^1 J 

Flcnu from Mons, f J* ) • . 


Ooal 

Measures, 


Cimotihre Rive de Gier,. 

I 

I CoiiKon, 


Lavaysse, . . ■ 

Epinac, 

(.Commentry,. 


Speclflo grarity. 

Pot cflntngD of 

. 1 -J 02 .. 

13*912' 

. 1-307 

.. 1-128 

.. 1-319 .. 

.. . 2-545 

. 1-318 . 

. 14-566 

. 1-266 

.. 1-676 

. 1-286 

.. 1-421 

. 1-280 . . 

. 1*393 

1-274 . 

.. 1-619 

. 1-322 . . 

.... 1-410 

. 1-315 . 

. . . 2*960 

. 1-276 . .. 

. . 2*10 

. 1*292 . . 

. . . 3-68 

. 1*288 . 

.... 3*57 

. 1-294 . . 

. . 2*99 

. . 1*298 . . . 

2*72 

.. 1-3U ... 

5-32 

.. 1-284 . 

, ... 5*13 

, . 1*353 . . . 

2*53 

. . 1-319 . . . 

0*24 


» Richardson. 


kRegnauH. 
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Dwdlptfon of oo»l. 


Goal 

Meaeures, 


( Blau2y~dry coal, long flamie, 

< Rive w Gier, Grand Orm, f and \ . 

> ( « “ “ « 


Secondary 

Foimationf 


Common coal, Obernkirchen Lippe-Sch. . 


Noroy Vog< 
St. Girons, 
^Belestet,.., 


Gnade Gattes, Lower Silesia, . 


Wettin, Saalkreis, 

Siilzer and Neuack, Westphalia, . . . 

Pottschafmel, Saxony, 

Kbnigen Louise. Upper Silesia, 

Merchweiler ^rbriicken, 

Freschanf, Lower Silesia, 

Brazils, 

('parse coal, mixed with pitch coal,. 

Slate coal, 

“ “ with fibre coal, 

Anthracite, 

Slate coal, with a little fibre coal^.. . 
Hard slate coal, with la;^erB of nitcl 
Slate coal, with predominating lave] 
fibre coal, 


Bpeolfto gnTOj . 

Per eenta^c 

1*362 

2*28 

1*298 

1*78 

.... 1*302 


1*362 . . . . 

4*57 

1*919 

26*47 

. . . . 1*279 

l*QO 

. . . . 1*294 

11-86 

. . . . 1*410 . . . 

19*20 

1-316 

4*08 

.... 1-305 

....... 0*80 

. . . 1*362 

5*80 

.. 1*286 

4*65 

.... 1-276 * 

0*80 

1-258 

0*15 

. . . 1*466 

24*40 

.. . 1*288 

0*70 

. . 1 * 4.54 

27*7 



1*285 

0*6 


1*282 .. 

0*9 


1*518 ... . 

83-4 


1*483 . . . 

28*4 


1*48 

20*9 


1*24 .. .. 

22*7 


1-20 

26*3 


1*37 ... . 

22*6 


1*25 .... 

20;2 


1-42 

24-0 


^ 1*35 

....3,. 23*4 


^Regnaplt. 4 


I Lampadins. 


From thiB table it may be seen that the specific 
gravity of coal ranges from 1*2 to 1’6, rarely exceed- 
ing the latter ; and further, by rejecting those samples 
which yield very large per centages of ash, the mean 
gravity will be about 1*30. It will also be observed, 
that the relation existing between the mineral consti- 
tuents of the coal and the density is quite inegular, 
and, coijsequently, offers no trustworthy grounds for 
inferring ttie per centage of ash which a coal may con- 
tain merely by determining the density, or inversely. 
It is true, however, that in numerous instances, samples 
with a larger proportion of ash will be found to have a 
higher density than those which contain less inorganic 
matter. This is more especially the case with dift’erent 
sampBs of coal from the same mine, which led John- 
son to infer that the specific gravity and mineral con- 
stituents of the coal from the same bed have a constant 
relation to one another. The basis on which he erected 
this theory, is found in the following results of tlie 
analyses of four samples of coal from Beaver Creek, 
Lucerne County : — 


Per oentaffo 
of Mb. 


No. I X*5fi0 

“ 2 , 1*594 

3 , 1-613 

** 4 , 1*630 


samples from the coal field of Mfirytandrbordering on 
Pennsylvania, thus : — 


Moon spoolillo 
gmifltr of two 
•pcelmoni. 

1*320 . 
1*350 . 
1*365 . 
1*385 . 

1*485 . 


In two afMMltiMHift 

.. 7 * 52 ' •*.. 

.. 9 * 5 $’ ' 

. . 10*35 

. . 11*75 
. - 14*41 


The same increase was observed with four other 


Admitting that a high density is to some extent an 
indication of the presence of mineral matters in greater 
abundance, yet it is impossible, even approximately, to 
estimate the per centage of these by this test, since no 
fixed and constant relation can be established between 
the two. Besides, it is well known that a great differ- 
ence in the amount of mineral matters is sometimes 
detected in coal from the same working. 

The nature of the inorganic matters in coal affects, 
in a great degree, not only the gravity of the substance, 
but its quality as a ftiel, although the components found 
are generally the same in all. From the tables already 
given, it will be seen that the total quantity of a^c8< 
fluctuates between one and twenty-five per cent., the 
average being about ten per cent, or under. Tlie fol- 
lowing table of the analyses of the ashes of coal by 
Philltpb, shows the nature and extent of the* 00m- 
pononts, wliich, strange to say, contain no alkalies : — 


Alumina 
81U««. Vtd ovlila 
of iron. 


Pontypool, 40*00 

Bedwaa, . 26*87 

Porthinawr, . . 34*21 

Ebbw Vale, 63*00 

.OolesWU, 60-27 

Fordell, 

Splint, 87*60 

WaJlsend 

^ Elgin , 61*66 
















PUEL Am»:iucan CoaIjS^ 


The annexed table exhibite the compoeition af American coab accor^ng to Frolessor JoBNenroK ; 


isharu^et and CompoiUkm 
ofthe Aflhas. 


Per eeutage of ashes in the coals, .... 
Color of ashes, 


Silica. 

Alumina, 

Sesqnioxide of iron, 
Limo, 


Ma^osia, 

Oxide of manganese, 
Loss per cent 


W il 

1 1 

pfi }!t 

|l 

P 

4*83 8*73 

** Light- Ueddisk- 
haff‘. white. 

2-242 

J WUite. 

63*603 46*106 

43*68 

86*687 37*000 

39*34 

5*590 13*000 

8*22 

2*867 1*380 

6*76 

1*076 2-430 

3*00 

0*186 — 


0*001 1*085 

*• 



100-000 lOU'OOO lOO'OO 100*00 100*00 100*00 100*00 100*00 loo^oo 


The same elements are contained in the ashes of 
brown coal, though, in difierent proportions, as will be 
seen fipom the subjoined analysis by Varrkntrait; — I 






Alumma,**.. . . 

Oxi^^ of4ron, 

. Carbonate of jtotassa,. 

Silica aud clay, 

Sulphuric acid, 

JjOB9, 


Analym of MhMof 
Itrown cool frum 
Xininvwiok, repra, 
Miitod cuoteslinmie^ 

... 23*67 
. . 2-58 

... 11*67 

. . . 6*78 

. . . 2*64 

. . . 19*27 
. . . 33*83 
... 0-66 


Lead, copper, iron pyrites, and traces of iodine, et 
cetera, are also found in coal, but are by no means 
general. In fact, the traces of lead and copper are 
Bomeiimes so minute as not to admit of estimation; 
but this is not the case with the iron p}Tite8. In 
some varieties this compound may be readily distin* 
guished in clusters of cubic crystala, or in seams running 
through the mass ; and, from its characteristic yellow 
appearance, the coals in which it is thus found are 
named brassy coals. It operates more injuriously 
than any of the other mineral compounds, as, during 
the combustion, the sulphur is transformed into sul- 
phurous acid, which in itself is poisonous; and although 
'it passes oflf considerably diluted by the other gases pro- 
duced, yet it is hurtful, not only to animal life, but to 
many manufacturing processes, as well as to the boilers 
and furnaces of loc<imotives. When sulphurous coals 
are distilled, one-half or a certain portion of the sul- 
phnr is eliminated in the form of sulphide of hydrogen 
and sulphide of carbon, whilst the remainder is left 
united with the metaUic base in the coke. In both 
cases it is the cause of much trouble and injury, as 
every gas manufacturer and smelter well knows. But 
these are not the only evils resulting from the iron 
pyrites. When coals containing it hi large quantities 
ate stored, and are affected with moisture, It not 
frequenily. happens that epontaneous^ ignition ; 

in emuequenee of ih^ . 


its oxidation into sulphate of iron, and generating at 
the ^me time as much caloric as determines the com- 
bustion of the carbonaceous matter, which ulttmately 
may reach to a rod heat. To guard against this danger, 
it is well to expose the heap as much as possible to a 
current of air, in order that the moisture may sponta- 
neously pass off, and the entire mass be kept cool ; 
or, if incipient combustion has already set in, it may 
be arrested by loosening and turning over the heap, 
BO tiidt the air may pass, through it freely. This 
spontaneous combustion is more apt to take place in 
mines than in the coals even when stored, Unless, 
indeed, they are, accumulated in confined places where 
the temperature is somewhat elevated. Under such 
circumstances, aided by the presence of moisture, tlie 
coals are very liable to bum voluntarify. Although 
the combustion which has been going on in some mines 
for considerable periods, cannot bo attributed the 
oxidation of the pyrites, but rather to the large volumes 
of inflammable gases which are generated in crevices in 
the mass, and which are accidentally ignited, yet it 
cannot be doubted that, tlirough the combined action 
of water and a limited supply of air, the mineral assists 
in developing tlie heat throughout. When a mine 
takes fire, it resists every effort to extinguish it, unless 
the whole working be so regulated as to admit of being 
flooded witli water. This, however, fs rarely the case, 
nor is it ever thought of as a provision for such an 
emergency ; and yet it is the only effective precaution 
that can be adopted, for tlic numerous fissures in the 
coal, which often extend to the surface, serve the pur- 
pose of powerful chimneys, whilst ol^ef chinks co- 
operate with the shafts, in conveying air to tlie seat of 
the fire. Every exertion has been made to check the 
combustion going on in some of the British mines by 
the erection of dams ; but, although it is believed that 
in some of them the rate of consumption is much Te« 
duced, it still continues. 

Although the specie gravity of cook aiid fiie pev 
ceutago of ash which they contain are very fisufSdent 
their value as fuel, yet it is evident liinportant 
amount of the combustiblo.eoDBtitnents 
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in different kinds. Fortunately, numerous analyses of 
coals have been made ; and tbe Editor feels assured 
that a summary and compendious view of the most 
important of these cannot fail to be deeply interesting 
to all who are concerned in those arts and manufac* 
tmes in which fuol is an object of primary considera- 


tion, as well as to the sciendfic analyst. Accordingly, 
the following tables exhibit the results so elabora^ 
worked out for the Admiralty by Dr. Lton PLATFAia, 
and others, in their examination of nearly all the pro^ 
ducts of the British coal mines 


IflEAM COMPOBITIOX OF AYEBAOE SAICFLEB OF WELSH COALS* 



MEAN COMPOSITION OF AVEKAOE SAMPLES OF NEWCASTLE OOAU. 
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MEJlN COMPOSITION OF ATERAOB SAMPLES OF DGRBYSlirRE COALS. 


LoenlUy, or Noaio pf Coal. 

Spnclflc 
Gravity of 
Coala. 

Carbon. 

Hydrogen. 

Nitrogen. 

Sulpliur. 

OxyKan. 

Ash. 

(II Cok« 
left by enuh 
Cgal 


A. 

B. 

C. 

1). 

E. 

F. 

G. 

H. 

Earl FitzwiUiam’s Elsecar, 

1'2% 

81*93 

4*85 

1*27 

0*91 

8*58 

2*46 

61*6 

Hoi yland’tod Co.’b Elsecar, 

1-317 

80*05 

4*93 

1*24 

1*06 

8*99 

8*73 

62*5 

Earl Fitawilliam’s Park Gate, 

1*311 

80*07 

4*92 

2*15 

1*11 

9*95 

1*80 

61*7 

Butterly Co.’s Portland, 

1*301 

80*41 

4*6.5 

1*59 

0*80 

11*20 

1*23 

60*9 

Buttorly Co.’s Langley, 

1*264 

77*97 

5*58 

0*80 

1*14 

9*80 

4*65 

54*9 

Stavely, 

1-27 

70*85 

4*84 

1*23 

0*72 

10*90 

2*40 

,57*86 

Loscoo Soft, 1 

1*285 

77*49 

4*86 

1*64 

1*30 

12*41 

2*30 

52*8 


MKAN COMPOSITION OF AVEKAGE SAMPLES OP LANCASHIRE COALS. 


[x)ba11ty, Of Name of CoaL 

^peolfln 
Griiivllv of 
Coals. 

Carbon. 

Hydrogon 

NRrogi-ti. 

Sulphur. 

Oxygrn 

Ash. 

I'flrnrntncre 1 
wt t'oki* j 
Ic'tt by I'tcb 
Coal 


A. 

B. 

C. 

I). 

K. 

F. 

G. 

11, 

Inch Hall Co.’s Alley, 

1*272 

82*61 

5*86 

1*76 

0*80 

7*44 

1*.53 

64*0 

1*2.57 

79*71 

5*16 

0*51 

0 :r> 

10-65 

3*42 

.58*1 

Balcarres Arley, 

1*26 

8:5*54 

5*24 

0*98 

1 *0.5 

5*87 

3*.32 

62*89 

Blackley Hurst, 

1 *26 

82-01 

5*5.5 

1*68 

1*4:5 

.5*28 

4*05 

57*84 

Ince Hall, Pemberton Yard, 

i*:n8 

80*78 

6*23 

l-.'iO 

1*82 

7*53 

2-.J4 

00-6 

Ilaydock, Rnsby Pai-k,. 

1*32:5 

77*6.5 

5*.k} 

o-.^o 

1*73 

10*91 

3*68 

59*4 

Moss Hall, Pemberton, Four-feet, 

l*2o8 

Trend 

4*S2 

2*05 

.3 04 

7*98 

6*.58 

55*7 

Ilaydock Higbcr, Flojid-a, 

1*218 

77-r53 

* 5*.>6» 

1*01 

1*03 

12-02 

3*0.5 

51*1 

luce Hall, Petiibcrton, Four teet, 

1*276 

77*01 

3*93 

1*10 

1 *05 

5*52 

1*09 

,57*1 

Blackbrook LilBe Pelf, 

1*26 

82*70 

5*5.5 

1*48 

1*07 

4-89 

4 *.31 

58*48 

King,...,.,;,..., 

l*.3O0 

73*66 

5*30 

1 *68 

1-.58 

9*06 

8*72 

62*4 

Kusiiy Park Mine, 

]*28 

77*76 

5-23 

1*32 

1*01 

8*99 

5*69 

56*66 

Blackbrook, Rushy I’ark, . . . ? 

1*27 

81*16 

5*99 

1*3.5 

1*62 

7*20 

2*68 

58*10 

Johnson and Wirthingtoii’s, Ilushy Park, 

1*28 

79-.50 

.5*15 

1*21 

2*71 

9*24 

2*19 

67*5*2 

LafTak, Rnsliy Park, 

i*;5r> 

HO* 17 

5*72 

1*27 

1*39 

8*3.3 

2*82 

56-26 

Baluarros, Hai/;h Yard, 

1*28 

82*26 

5*47 

1*2.5 

1*48 

5*04 

3*90 

66*09 

Ilaydock,' Florida Main, 

Four-feet, 

1*267 

77*49 

5*.50 

1*27 

0*88 

12*81 

2-02 

54*4 

1*209 

78*s6 

.5*29 

0*86 

1*19 

9*,57 

4*23 

60*0 * 

Ince Hall, Pt'mhcrlon, Fivc-feet, 

1*269 

68-72 

4*76 

2*20 

1*35 

18*63 

14*34 

56 5 

Oamiel— Wigan, .‘ 

Ince Hall Co.’s Funmeo \^*in, 

1*23 

79-23 

6*08 

1*18 

1 *43 

7*24 

4*84 

60*33 

1*314 

71-74 

5*71 

1*.5:5 

0*90 

13*.52 

4*04 

58*4 

Balcarres, LiiuNay, 

Caldwell and Thompson’s, Rushy Paik, 

1*26 

83*90 

5*66 

' 1*40 

1*51 

5*53 

2*00 

.57-81 

1*271 

76*17 

1 5*46 

1*09 

0*01 

14*87 

1-.50 

58*7 

Barcarres. Five feet, 

1*26 

71-21 

5*0.5 

; 0*77 

2*09 

8*69 

9*21 

55*90 


1*283 

76*16 

1 r)*:55 

1 1*29 

1 1*05 

10*13 

6*02 

.56*1 

Muss Hull (lo.'s New Mine, 

1*278 

77 -.50 

1 5*84 

0*98 

1 1*36 

12*16 

3*16 

67*7 

Caldwell and Tlmmp.son’s ]rif»her Pelf, 

1*274 

7.5-40 

1 4*8.5 

1*41 

! 2*43 

19*98 

.5*9.5 

54*2 

Johnson and VVirtbington’s Sir John, 

1*31 

72*86 

i 4*98 

1*07 

1*54 

8*15 

11*10 

.56*15 


MEAN COMI'O.'irnON OF AVUUAGE SAMPLES OP SCOTOH AND VAKlOUS OTHETl C()AUS. 


Locality, oi Nntno ot Coiil 

Sppfiaa 
(imillji of 
Cuali. 

Carbon. 

Iljrtropen 

Ntliogpn 

.Sulphur 

Oxygt>n 

Ash. 

I-en-onMgp 
of Cok(‘ 
lott by i*a< h 
Coal. 



A. 

B. 

c. 

I). 

E. 

F. 

G. 

II. 

fWallsend Elgin, 

1*20 

76-09 

5*22 

1-41 

1*53 

5-05 

10-70 

58-45 

w 

Welle wood, 

1 *27 

81*.t6 

6*28 

1 *53 

1*57 

6*;J7 

2*89 

59*15 

1 

Dalkcitli (Coronation Scam 

1*316 

76 94 

.5*20 

trace. 

0*38 

14*37 

3*10 

53*5 

O 

Kilmarnock Skerriuglon, 

1*211 

79*82 

5*82 

0*94 

0*80 

11*31 

1*25 

49*3 

« 1 

Fordel Splint, 

1*23 

79 -.58 

5*50 

1*13 

1 1*40 

8'.33 

4*00 

52*03 

1 

Grangemouth, 

] **29 

79*85 

5*28 

1*3.5 

1*4*2 

8-.58 

3*52 

56*6 


Eglinton, 

1*25 

80*08 

6 *,50 

]*.55 

1*.38 

I 8*05 

2*44 

54*94 


Dalkeith Jewel Seam 

1*277 

74*.55 

5*14 

0*10 

0*.3.3 

15-51 

4*:i7 

49*8 

5 

rCloloshill Co.’s Bagilt Mam, 

1 *269 

88*48 1 

.5*62 

2*02 

1 *30 

0*86 

1*62 

55*8 


Ewlowe, 

1*275 

80-97 

4*90 

1-U) 

1*40 

8-20 

3*37 

54*5 

> < 

[ibstock, 

1*291 

74*97 

4*8,1 

0*88 

1*45 

11*88 1 

5*99 

5v)*8 


AVERAGE COMPOSITION OF COALS FROM HIFi'EKENT LOCALITIES. 


Licality 

Sppi-ifUl 
Gravity of 
C'oaU. 

Carbon. 

Hydrogen 

Nltrogeii 

Sitlplinr. 

Oxygoa 

Aflb. 

Panwiitaii^ 
of Cok« 
1«ft by «iich 
Coal* 


A. 

B. 

c. 

D. 

E. 

F. 

G. 

H, 

Average of 36 samples from Wales, 

** 18 “ Newcastle, 

1*315 

83-78 

4*79 

0*98 

1*43 

4*1.5 

4*91 

72*60 

1*250 

82-12 

5*31 

1*35 

1*24 

5*09 

3*77 

. 60*67 

28 “ Laucashivc, 



5*32 

1*30 

1*44 

9*53 

4*88 

60-22 

H' 8 ** . Scotland, ....... . 




1*00 

Ml 

9'69 

4*03 

64*22 

‘‘•A 7 '***”*, 

..in 

gajBRaga 

wRIffijMBCSS 


, 1*41 

1*01 

10*28 

2*06 

69*32 


'4 
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AVERAGE COMrOSlTION OE FORFJGN COATi^ 


ijocfaity. 

apt*cifio 
Gvn^^ty of 
Coul 

Carbon. 

llydrogQD 

Nitrogen 

Sul))hUr. 

Oxygon 

Adk 



A. 

B. 

c. 

D. 

E. 

F. 

a. 


'South Cape, 



63-40 

2*89 

1*27 

0.-98 

1*01 

30*45 


Mount Nicholas Break o’Day, 

— 

,57*37 

3*91 

1*15 

0*90 

9*10 

27*55 

Van 

Tingal, 

— 

57-21 

3*.38 

1*20 

1*32 

7*80 

29*09 


Jcnisalem, 

— 

68*18 

3-99 

1*62 

1*12 

5*89 

19*20 


Douglas Itiver, East Coast, 

— 

70-44 

4-20 

1*11 

0*70 

9*27 

14*38 

Coals. 

Tasman’s Peninsula, 

— 

65*54 

3-30 

1*91 

1*03 

1*76 . 

26*41 

Schonten Island, 

— 

64-01 

3*55 

0*94 

0*85 

3*38 

'27*17 


Whale’s Head, South Cape, 

— 

(-.5-86 

3*18 

1*12 

. 1*U 

7-20 

21*50 


Adventure Bay, 

— 

80-22 

3*05 

1*36 

1*90 

4-80 

8*67 


Sydney, New South Wales, 



82-39 

5-32 

1*23 

0*70 

8-32 

2*04 


r Borneo — Lahman Kind, 

1*2R 

64*52 

4-74 

0*80 

1*45 

20-75 

7*74 


“ Three-feet Scam 

1-37 

.54*31 

5-0:3 

0*98 

1*14 

1 24-22 

14*32 


[ “ Eleveu-fuet Seam, 

1-21 

70-33 

5-11 

0-07 

1*17 

19-19 

3*23 


Fonnosa Island, 

1-24 

78-20 

5-70 

0-04 

0-19 

10-95 

3*96 


Vancouver’s, 

— 

60*93 

5-32 

1*02 

2*20 

■ 8-ro 

15*83 


Lignite, Trinidad, 



65-20 

4-25 

i-3:i 

0*09 

21-09 

6*84 


^ Conception Bay, 

1-29 

70-5.5 

5-70 

0-95 

1*98 

13*24 

7*52 


Port Famine, 

— 

04-18 

. 5*:j;j 

0-50 

1-03 • 

, 22-75 

. 6*21 

Cliili 

Chirique, 

— 

38*98 

4*01 

0-58 

6-J4 

l:t*38 ■ 

91 

Coals, 

Laredo Bay, 

— 

58-07 

.5-52 

0-71 

1*14 - 

^ 17 -.i;! 



Talcahnaiio iiay, 

— 

70-71 

0*41 

1*08 

0*94 

13-9.5 

6*92 


^Colcurra Bay, 



78*30 

5-50 

1*09 

. 1*00 

•8*37: 

' • 5*68 

Patagonia j 

Sandy Bay, No. 1, 

— 

02-25 

5-05 

0*03 . 

1*13 

17-54 . 

13*40 

Coals. 1 

“ No. 2, 

““ 

59*03 

5*08 

0’G4 

0-96 

17*45 • 

15*04 


IlaviDg seen in the foregoing tlio ultimate consti- 
tuents of the several varieties examineil, and also the 
amount of coke wliich they afford when heated in close 
vessels, the next point that demands inquiry is the 
state or condition in which those elements arc con- 
tained in tlie coal. It is the belief of many, that 
common coal is compounded of a carbonaceous sub- 
stance like anthracite, and a bituminous one; and 
it would appear, from the microscopical researches 
which have been made, that such is usually the case. 
When, however, the fusibility of good coal is con- 
sidered, and the bomogeiicous mass wliich it yij'lds 
upon exposure to heat is closely examined, one is led 
to infer that the carbon is not isolated, but combined 
with the other constituents in such a manner as to form 
a definite body. Doubtless, in some species of lignite, 
the bituminous matter is partly distinct from tbo car- 
bonaceous; this maybe deduced from the considerable 
quantity of lar which they yield, and the Iriahle porous 
nature of their coke. From many facts connected with 
the manufacture of gas and other products from coal, 
it must be evident that this substance is oliiofly com- 
posed of various carbides of hydrogen, which suffer 
decomposition by heat, and which, from the circum- 
stance tliat suitable solvents have not yet been dis- 
covered, remain uuisolated. It is an autljcuticatcd 
fact, that the more the amount of hydrogen in a coal 
exceeds that of the oxygen, the more fusible is the sub- 
stance, and vice versa ; but tins surplus is not sufficient 
to account for its fusibility ; llie entire quantity is con- 
cerned in producing the effect. When tlie amount of 
hydrogen is small, the coal will not be so fusible as 
when the proportion is larger, althougli, in the first 
case, the ratio in which it stands to the oxygen may be 
much greater than in the second. If the absolute per 
oentage of hydrogen is only about two, there is little 
reason to expect that such a coal will undergo fusion, 
when submitted to heat. Experiments 
that it requires at least three per cent, of 


the sulistancc, with as much, ag will combine 

with half of this to form water, to render. it, fusible 
under the influence of calorie. Such acoaj affordis a 
very intumesoent coke. Coals less inclinod to ipeU than 
one BO constituted, may contain a variable . ai^unt qf 
hydrogen ; but when the proportion exceeds onc-and-a- 
htilf per cent,, the oxygen will be required in quantities 
capable of transforming at least two-thirds exf this into 
water. f)n the other hand, if the hydrogen and oxygen 
be exactly so ])roportioned in the coal as to form water, 
the coal will bo infusible, and the coke wliicli is left 
will be pulverulent. It is remarkable that many sub- 
stances constitiiled of carbon, hydrogen, and oxyg^m, 
differ in this particular from coals ; thus sugar, gums, 
starch, when submitted to heat, fuse, and yield a com- 
pact coke. Ilence it may be inferred I hat wlietlier an 
organic matter containing about forty-eight per cent, of 
carbon, with oxygen and hydrogen to constitute watiT, 
shall be fusible or not depends on circumstances still 
requiring explanation. When the quantity of carbon 
exceeds fifty percent., the siihstnncc is or is not fusible, 
according as the amount of hydrogen is or is not in 
excess above that wliich is necessary to convert the 
oxygen into water. All woody and fibrous matters 
are infusible, owing to their content of carbon being 
more than fifty jxer cent., whilst the oxygen and hydro- 
gen making up the remainder arc so proportioned as to 
compose water; there are, however, other bodies in 
wliich the carbon constitutes from half to nine-tenths 
of their weight, and yet they are fusible and oven 
volatile under the influence of heat: Such is the case 
with some of the resqis, wax, ct cetera^ which contain a 
largo quantity of hydrogen that assinii laics itself with 
the carbon, giving rise either to gaseous bodies, or 
liquids, into which the latter largely enters. It is upon 
these grounds also that the explanation of the fusion 
cif coals so rich in carbon as eighty per cent. re<?t8. 

, 1^. ttiany branches of trade, experience has pointed 
>4yantojjos wliich jtoe vaiietips toU coals afford, 
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■Torbanehill, or Boghead Coal. 
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from tlio circumstance that the nature of their com- 
bustion is adapted to the special work assigned them. 
Hence the selection of gas coal, steam coal, and such 
like, on account of the respective qualities they possess ; 
the former of .producing large quantities of gas, the 
lattcf of yielding a high temperature, at the same time 
that its combustion is tardy and gradual. The first 
are evidently such os, wlien heated, enter more into 
fusion, ns, is obvious from the adoption of caunol in 
gas-'s^erks whenever it can be found. For generating 
steam, coals which are only slightly fusible, and bor- 
dering upon the nature of anthracite, are found from 
experience to bo the best. For various other manu- 
facturing purposes, the particular requirements of each 
must decide the fittest quality of fuel. In reverberatory 
furnaces, and such others os are constructed with the 
view of producing an cfiect at a distance from the fire, 
flaming cOals.will bo found best adapted for the pur- 
pose, but not tliose which are a])t to form a coherent 
cake in the grate, whereby the draught would he im- 
peded, and the combustion be inadequate to the effect 
lequired. On the other, band, where the heat must 
he Very intense, those coals are found to bo the best 
which c6ritain a large jxa* centago of carbon, with 
enough’ hydrogen atid oxygen as will generate sulli- 
oient quantities. of inflammable gases to promote its 
rapid ignition,, but at the same lime not so much as 
‘will effoet fusion to any considerable extent. Such is 
the kmd required in the smelting of metaL, for the 
working*of iron, fit cetera. This subject will be fur- 
ther exjdaiiied vv’hcii the values of fuel come under 
consideration. 

TarbaiichiUj or TioffTifijitl Coal. — The peculiar char- 
acters of this substance, on the nature of which geolo- 
gisf.s ami cliomists were much divicle<l, attracted very 
great attention several years ago, and led to important 
legal proceedings, arising out of the following circum- 
slanee.s. In the beginning of the year 1850, a contract 
of lease was entered into between the pro[)rietor of the 
estate of Torbanchill, near Bathgate, Linlithgowshire, 
and the Messrs. Russel, Falkiik, conveying to the 
latter, in cousidoratiun of a fixed rent, a right to the 
wholo coal, ironstone, iron ore, limestone, and fire-clay, 
on the lamls of 'J'orbaiicliill, for li ]>enod of twenty-five 
years ; but the lease was not to comprehend co[)]Jor, or 
any other mineral whatever excc^^t those above specified. 
In the course of their res(;arch(‘H, the Messrs. ItlissEL 
had previously found an extensivii deposit of the 'Por- 
hanehill coal, which was shown by Dr. Pi’.nny, in 1841), 
to be invaluable as a coal for the manufacture of gas. 
Afi such, it was worked and disposed of by the Messrs. 
Russel, to whom, at the very small rent at which their 
right to the minerals was acceded, it promised to be a 
source of large revenue. In these circumstances, the 
proprietor of TorbanchiU brought an action against the 
lessees for damages, laid at £10,000, on the ground that 
the substance was not coal at all, nor any of the 
minerals comprehended in the lease, and that, there- 
fore, the lessees had no right to remove it. The case 
was tried at Edinburgh, before the Lord Jusiice-QenoraJ 
and a j^jj^cial Juiy, in the months of July and A 
1853, andl Excited intonso interest, both on ac 


of eminent professional authorities cited on both sides 
as witnesses. The apparently conflicting character of 
their testimony was also somewhat remarkable. Pro- 
fessor Ansted, for instance, did not give the substance 
any name at all ; Professor Bkande said it was a new 
peculiar mineral; Professor Chapman had no hesita- 
tion in pronouncing it a bituminous shale ; Uie late Mr. 
Hugh Miller characterized it as the most inflammable 
shale he had ever seen. Dr. Thomas Anderson said 
it was not a bituminous shale, whatever it was. Dr, 
Wilson said he would call it a clay impregnated witli 
bituminous matter, and Mr, Milne, in like manner, 
called it a clay bituminated. On the other hand, 
Dr. Fleming of Edinburgh, Professor Graham, Dr. 
John Stenuouse, Professor Johnston, Dr. Penny, 
Dr. Hofmann, Dr. Frankland, and other equally 
eminent authorities, pronounced it unquestionably a coal. 
At the same time, the only material difierence, with 
reference to the facts of the case, appeared in the 
results of the microscopical examination. The geo- 
logists and chemists agreed as to the constitution of 
the substance —they dillbred only in the name which 
they were inclined to give it, according to their special 
views of what constituted coal; but not so the micro- 
scopists, three of whom were examined for the plaintiff, 
and four for the deleiidants. Of these gentlemen, the 
former agreed in asserting that there was no trace of 
organic structure, no woody fibre or tissue — in short, 
no trace of vegetal matter in the substance under con- 
sidew'tion; on the other hand, the defendants* witnesses 
I aflirmed that in every part of it there was the clearest 
evidence of vegetal structure ; and tlirec of these gen- 
tlemen were skilful botanists, whilst those examined for 
the plaintiff did not lay claim to that character. Even 
the micro8coi)ical evidence, therefore, was strongly in 
favor of the claim of the Torbanchill mineral to be con- 
sidered a true coal ; and this, in concurrence with the 
general analogies ])rescnted, induced the jiuy to return 
a Verdict for the defendants. In this verdict — which 
quite hannoiiizcd with the opinion pronounced by Dr. 
Pi:nny before the Torbaneliill coal became a subject 
of litigalion at all — there seems to be no difficulty in 
acquiescing. Among the recognized true coals, there 
arc infinite diversities in the relative proportion of the 
ingredients — from anthracite at one end of the scale, to 
cannel or parrot coal at the other; and the Torbane- 
hill coal ap])earB, from its composition, to be not less 
justly entitled to the name of a coal Ilian anthracite, 
though standing at the ojqiosite end of the scale. 

In all its leading physical and chonical characters, 
it is identical with other varieties of cannel coal. It is 
unquestionably of vegetal origin. It forms a seam 
varying in thickness from sixteen to twenty-one inches. 
Its geological position does not differ from that of 
other Scotch cannel coals, and the associated rocks are 
similar to those that occur in other coal fields. In 
the upper part, of the scum the color of this coal is 
brown, and the streak light ycllowisU-brown ; but in 
the lower part its color is black. Fossil plants, ospe* 
cially Btigmaria of various sizes, and with numerous 
rootlets, are found in every part of the cosd. Some 
l^e shape of largo trunks of trees, one or two 
pmeter. Tho impressions of scalaritorm 
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vegetal tissue arc also exhibited in almost every frac- 
tured surface. The following section of Uio cannel 
coal-fields of Scotland, by Mr. JouN Geddes of Edin- 
burgh, shows the relative position of the coal, and its 
depth in fathoms from the surface: — 
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The color of this cool varies from darkWuff-brown ' 
to dull brownish-black; streak li^ht brown; iwwAer 
dull olive browii-black. It does hot soil the finger^ i 
it adheres to tlie tongue, and it bas, when mo&»tened» 
the odor of clay. It is exceedingly hard,' And very ’ 
difficult to break in a directtoh perf)endicular to the 
piano of stratiiication.' ' it is distinctly laminated, and 
the large rliomboidal blocks, *as brought from the pit’ft 
mouth, may bo readily split into tliin slabs, less Uian 
an inch in thickness. Its fracture is slaty, and often 
beautifully conchoidal. When struck with a hammer, 
it gives a distinct and deep woody sound. Does not 
become electrical by friction. Specific gravity varies 
from 1*155 to 1*260; average about 1*1892. 

Its microscopical characters have been ably discussed 
by Trofessor Kedpjokn, in the Hurd volume of tho 
Qimrterif/ Journal of the Mif^roscoplcal Society. 

It readily ignites, and burns witii a bright, volumi- 
nous, and smoky tlame. In the open ire it splits, and 
crackles like other cannel coals. It does not intuiiie^oe 
or melt. Wlicn completely burned, it leaves a consi- 
derable quantity of tine white ash, amoiiuting on the 
average to twenty-one per cent. Several cannel coals 
give a larger quantity of ash— page 85. The ash con- 
tains, ill 100 parts: — Silica, 5G*0; alumina, 43*52; oxide 
of iron, 0*35; potassa,0*4; soda, 0*36; with traces of lime, 
j magnesia, phos])lioric acid, chlorine, and sulphuric acid, 
j llEJiAi'ATii has proposed to use the aid'nn the 
; facturo of alum. This coal is not apprcciatJly^cted 
' upon by ether, bisul[)hide of carbon, benzol, oil of tur- 
I jientino, or naphtha. When distilled in the UFnml 
i nuinnor, it gives the same pro<hrcts as other jfaimel 
eoals — namely, gaseous hydrocarbons, ttir, para0in, 
parafiin-oil, naphtha, naplithulin, benzol, ammonia, et 
cetera* 

It contains every ingredient found in other varieties 
of coal ; and there is no substunce in it that does not 
exist in other coals. The results of its elementary 
.analysis ])y Dr, Penny, after being dried at 212", arc 
sliowiJ in the following statement : — 

VS'lth nih. U'i»),o«it a«?i 

Carbon, j5;vy3r> 8M.M1 

}lv(lropr.n, lJ'24r) 

Kjtro^en, . * 0*%2 1 ’22] 

Sulphur, 0-:520 0»40f3 

Oxygon 4-702 .0-069 

Ash, 21-222 — 

100-000 lOO-OOC ' ^ 

It yields about 67*0 per cent, of volatile matter, and ' 
31*7 of coke. Difi’crent specimens, however, vary 
considerably in this respect, as showii in tlie following 
table, -which exhibits tlje results of the analysis of four 
specimens taken from tlie pit at different dates - 
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1M9. 

lau. 

lan 

18^ 

Volatile mnitors. . 

. 71-0 .. 

. 71-0 .. 

. 62-70 . . 

. 67*n 

carbon,, . 

. 11-3 .. 

. 7-1 . . 

. 9*25 . . 

. 10-52 

Ash, 

. 30-8 .. 

. 21-2 

. 20-.‘>0 .. 

. 21-0 

Sn]](hur, 

. 0-3 . . 

. 0*2 . . 

, O-.'h') . . 

. 0-32 

Water 

. 0-6 . . 

. 0 6.. 

. 1-20.. 

. 1*(IS 


100-0 

100-0 

100*00 

lOO-Otf 

Coke, 

Specific cavity,,- 

.?28-l ... 

. 28*3 . . 

.. 85*76 ... 

. 31 -82 

.. 1*1660 

^ 1*160. 

1*3185.. 

. 1-1882 
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In iti^ chemical compoeition this coal is characterised 
by containing more hydrogen tlzan any other variety, 
and by giving less fixed carhop and more ash than most 
other coals. Its cote^ yrhicli is valueless as fuel, contains 
33*4 per cent, of carbon and hydrogen, and 60*6 per cent, 
of ash,' It surpassep all other caniiel coals in its gas- 
producing, powers. It ‘yields from thirteen thousand 
to fifteen thousand cubic feet per ton, whereas the best 
qualities of other coals give from eleven thousand to 
twelve thousand cubic feet. The gas produced from 


it is extremely rich in hydrocarbons, which burn with 
flame possessing a liigh degree of luminosity ; hencio 
this coal is admii*ably suited to be mixed with inferior 
varieties of cannol coal in the manufacture of gas. 
When distilled at comparatively low temperatures, it 
affords largo quantities of paraffin, paraffin-oil, et cetera^ 
a discovery made and patented a few years ago by 
Mr. Young. Several interesting products have re- 
cently been obtained from it by Geeville Williams. 

The following table will be found useful : — 


MUAN COMPOSITION OP WRIOUS SCOTCH CANNKL COAI.S, ANALYSED IIY DR. PENNY OP OLAJHaOW. 


Locality or Name of Cool 


Jl^CllRolcB — 185], 1* 

HardieV- 1852, 1- 

WogL end, Ttrovni — 1851, 1 • 

•' Boj:jhead, "lilacb — 1H5J, ]• 

TorbancIn'U— 1853, 1 • 

Tioglipad— 184it, 1- 

BaUiville, 1‘ 

Stand — Airdrie, J ■ 

Methili ]• 

.Caifijlilrae, ] 

Wpmyfrfl, ]• 

Balbardie— 1 852, 1 * 

Hillhead— Kilmarnock, 

Bryrnbo, 


BaTlnnwUlll, 

Bartoiislnll, 

' Steven'?on— Ayrshire 

TiOsjnahapow— Southilcld, . 

Knighthwood, 

(’airiit)roc, 

Skalerigi? 

(k>wd('iihilJ, 

Breadisholinc,. . , . . , , 

Kiu'hill, 

, Kchansidc, 


Bpflciflc 

tfruvity. 

Volfttllo 

iiiiittora. 

FiJti'd 

carbon. 

Ash 

Hulphur 

Water 

CokA 


I’cr coiit 

Ter cent 

Per cent. 

Pur o«ut. 

I’cr cent 

Per cent. 

l-4-t8 

53*7 

4-9 

38*8 

1*6 

1-0 

43*70 

1*420 

34*0 

4-0 

58*4 

m 

3*6 

62*40 

l-KiO 

71*00 

7*10 

21*2 

0*24 

0*4 

28*30 

7-2JH5 

02*7 

9*25 

20*5 

0*35 

1-2 

35*75 

1*1802 

07*11 

10-52 

21*0 

0*32 

1-05 

3J *52 

1*1550 

71*3 

11*3 

10*8 

(•31) 

0*0 

28*10 

1*201 1 

01*35 

12*0 

22*2 

0*25 

0*()() 

34*80 

J*4(it7 

52*08 

11*77 

.32*0 

•a 

1*15 

46*77 

1 *3002 

42*23 

17*.57 

29*7 

» 

3*50 

47*27 

1 3503 

45*73 

19*07 

31*5 

* 

2*80 

51*47 

M831 

i 58*52 

25*28 

M**>5 


1*95 

39*53 

1 *420 

3S‘J0 

20*00 

*28*0 

0*38 

3*0 

57-00 

( 1*(i02 ) 
(1*320/ 

3G*05 

32*34 

27*4 

1 0*01 

3*0' 

59*74 


32*10 

30 4 

29*4 

¥■ 

2*1 

65*8() 

I *1000 

50*23 

30 *7 

4*3 

0*5.5 

2*22 

41*00 

1*280 

40*0 

30*0 

10 0 

2*0 

2*1 

49*00 

1*350 

38*0 

37*9 

18-7 

2*2 

3*2 

.5G-60 

1 *3850 

40*21 

40* 14 

l!i*;{5 

« 

0*3 

,59*49 

1 ‘228 

40*34 

40*97 

0*31 

1*35 

2*0 

47*31 

1*234 

44 7. 

41*13 

11*05 

* 

3*05 

52*18 

1 247 

42*83 

42*07 

8 f)0 

* 

0*0 

5M7 

1*252 

40*32 

44*83 

2*50 

* 

3-35 

47*33 

1'20‘i 

40*0 

45*0 

5*0 

0*50 

3*50 

50*00 

1*335 

30*0 

4S*5 

8*1 

0 4 

4*0 

50*00 

1-223 

45*73 

40*27 

2*5 

» 

2*5 

51*77 

1*231 

40*17 

53*42 

1*9 

0-21 

4*3 

55*32 


Nut ostnmiU'd. 


Coke. — L ike wood and peat, coal has been found 
niia(luj>ted for many piirpf^scs in its natural state; 
either the heat wliich it evolves' is insufficient from 
tlio presence of water and other ingredic.ntH, or the same 
efft'cl is produced by the tendency of most coals to fuse 
and form a eolicrcril mass, wWerchy the air is excluded, 
and the combustion impeded. Although tlie latter is tiu) 

, most frequent cause of failure, hotli contribiito to render 
coals inapplicable to the wants of many of the arts and 
manufacture, s. To obviate these difficulties, and to bring 
tlK^ coal to a slate in which it will yield the greatest pos- 
s'lble amount of heat, recourse has been had to caihoni- 
•Aation, the idea being borrowed, doubtless, fiom the 
advantage gained by a similar treatnumt of wood, liy 
this operation, the principles of which have bec'U already 
cxplainod, the volatile products arc expelled, and the 
liquid bodies decomposed, so that their carbon be- 
comes to a groat extent fixed, whilst the hydrogen and 
oxygen are dispersed. These volatile matters arc 
utilized or not, according to the c-ircumslanccs and 
the locality in wliich the carbonization is carried on. 
Thus, when the operation is conducted in largo towuis, 
the gases become not only a source c>f profit to the 
jicrgons engaged in the trade, hut of comfort and 
safety to society by tlieir illuuiinating power. In 


localities which are not populous, or which are far 
removed fiom cities and towns, these valuable pro- 
ducts uro permitted to pass off, not only uselessly, 
but often injuriously to animal and vt'getal life. In 
cither case, the fixed matter left is known as coal- 
charcoal or coke. 

Tlie charring of coals is conducted under these 
circumstances with very different objects. In towns, 
the coke is, in fact, only a secondary product, and is 
little regarded in comparison to tho volatile matters, 
whilst in those jdacos where the coal is burned on the 
field for the smoitors and for locomotive purposes, all 
the value is attached to tlie solid body remaining. 
These latter — the iron trade and steam locomotion- 
are the principal sources of consumption of this kind 
of fuel ; and since the introduction of both upon an 
extended scale, tlie inventive geniuS'^f scdontiftc men 
has been exercised to discover methods of carl)onizing 
the coal, not only more rapid in action, but also more 
cftcctive, and calculated to produce a substance as 
iinicli as possible divested of the volatile bodies which 
diminish iis heating jiower. It could scarcely be ex- 
j)ectcd that a subject so interesting as this, so important 
to many branches of iiianula during industry, uud con- 
sequently 80 well meriting Hie attention of inteHigent 
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scientific and practical men, could long refit without 
eliciting many suggestions towards improvement. How 
far these have been attended with success, will appear 
in the following pages. 

Adopting the same arrangement as in fomcr cases, 
it may he well to say a few words, in the first place, 
on the charring or coking properties of brown coalj 
which is sometimes employed for this purpose. In 
Great Britain, wlierc bituminous and stone coal abound 
to the extent already stated, and where the presence of 
lignite is very partial, the latter is carbonized with tlio 
view of rendering it more useful— a practice, however, 
restricted to those places wdiere the more perfect coal 
is scarce. Where such conditions exist, the charring 
of lignite— a work which is difficult and troublesome 
to effoct — is repaid with very indilTorcnt results. This 
arises from its ])oculiar property of splitting asmider as 
the heat enters, and hence the mass when charred is 
little else than a heap of small fragments which arc 
uusuited for those works requiring the use of a com- 
pact coke. It is stated bytllos(;iiEiis, that lignite, if 
thoroughly dried in tho air immediately after it is taken 
from tijc pit, and then slowly charred, aflbrds a char- 
coal possessing considerable cohesive proj>orLics; and 
Mayer, in like manner, affirms that the inconvenience 
may bo obviated by subjecting Ibo coal to slow car- 
bonization after it is taken from the mine. U'hc methods 
usually adopted aro similar to those already described 
for the charring of wood and peat ; but the yield from 
tliis species of coal is so small, that the labor bestowed 
upon the operation is hardly repaid. In tho German 
works, where lignites have been charred, the per cent- 
age of charcoal by weight averaged from fifteen to 
eighteen per cent., and by volume from about thirty- 
two to thirty-five; but this quantity is much below 
that obtained on a small scale, when the carbouizers 
used are close crucibhjs. 


* Tw wt «f 
dbaCQQftL 

’ Lignito from Jahnsdorf, 32*6 

“ X^are^el, 1. 32*6- 

“ “ 2 40*7 

“ “ 3 4$0 

“ Antom-Zeche, 40*0i 

“ Wdloiiitzcr, Cr 85*9 

“ Kempschauer, Br 34*7 

“ llartcnborg, 1 87*2 

** 2 34'6 

•g “ Kandon,.,..* 37*5 

g ^ Pitch coal from (irliulat, 37*2 

*§ I Earthy coal from Hartcuherg, 1 42*1 

P “ “ 2 '48*4 

“ “ 3 36*8 

“ “ 4 39*0 

Pitch coal from Ilartonbcrg, 1 43*9 

‘‘ ‘‘ 2 40*3 

Earthy coal from .Toa/j, 46*4 

Pitch coal trom Rcichcnua, 38*1 

“ “ : 29*3 

Altsattel, 40*3 

“ “ 35*0 

Bayarinn j ; 3^,^ 

iLign/c, 40*0 


Tlio carbonization of lignite is a subject pf but Tittle 
interest to manufacturers, in consequence pf ils'-nso 
being so very limited. The Editor will/ibet'cijcfre, pro- 
ceed to the consideration of pit charcb'ai, wrliioh is of 
vast imiKjrtancc to every cotintry aspuin^ to 't)rogress" 
in civilization atid manufacturing industry. ‘ More-paN 
ticularly is this tlie case as regards Great for . 

the c.xtont of her smelting establishmentg, and licr'vast ' 
application of steam power in locomotion, W TyolPasf ’**'1 
in various manufactures, call forth every exortipn tp' 
supply the luoiit perfect source of heat whicli 'slvilPaitt^ 
scietvee con provide. Not OTily do her own indfiHilS^ftl 
'wants demand tliis, but other countries, which are*kot 
so highly favored in tho amoiiuC of fossil fuel at their 
command, make urgent c.alls upon her resources ; and 
coals and coke are exported to a oonsiderablo extent 
to supply the railways and steam ipivigation of other 


The annexed table gives a synopsis of the per 
ceiitago which various lignites aftbrded by this treat- 
ment: — 
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Earthy coal fiom Dax, 

“ Bouch-d-Tl., . . 

“ “ Basaes-Alpca, . 

Lignite from Greece, 

“ Cologne, 

“ Iceland, 

liaddcrgruhe, 


Gnibo UrwcU,. 


Friesdorf, . 


Earthy coal from Utterwciler,. 
“ Raddergrube, 


r Limits iftwn Putzchen,. 


SthR'Achen, . . . 
Orhh’ig, 

ti 

Aussig,. 


Per rent ot 
rltuu'oul 

. .. 49*1 
.. 41-1 

. 48*5 
.. 39-8 
.. 

.. 

.. 41-6 
.. 4')*7 
.. 44-3 
.. 4.i-9 
.. 51-3 
.. 28*2 
.. 4S-2 
.. 46-8 
.. GJ^2 
.. 48*3 
. . 4(v4 
.. 40*4 
.. 44*7 
.. Til-O 
.. 29*1 
.. 4U-G 
.. 0*2*3 
.. 08*4 
40*1 
40*0 
41-2 
38*4 



stat(?s. 

The extensive variety of coal met with necessarily 
suggests a corresponding difference in the etfects pro- 
duced by the action of heat upon them, and it is to be 
expected that the products should indicate similar dif- 
ferences. All coals which arc in any degree bilnmi' 
nous, yield three classes of bodies — namely, tho residu- 
ary maLtcr, containing carbon in excess ; the liquid sub- 
slances, whicli are in like manner very carbonaceous;* 
and the gaseous bodies, of wJiich there arc several. It 
is almost needless to remark, that tho proportion of the 
second class will be dependent upon the fusibility of 
tho coals ; and even the third is chiefly derived from 
fusible or caking coals. As a general example of the 
nature and relative proportions of these three varieties 
of products, tho following analysis may be taken : — 

Centeslmally. 


Coke, 

Liquid f Tar, 

products, \ W !iior, 

^ Light carbide of hydrogen,.. 

Carbonic oxide, 

(Jarhonic acid, 

OlcHant gas, 

Sulphide of hydrogen, 

Hydrogen, 

Ammonia, 


Qaseonn 
products, I 


68*925 

12*230 

7-569 

7*021 

1 * 13,5 

1*073 

0 * 7.53 

0*549 

0*499 

0*211 

0-035 





FUEL Coking Processes. 


While the absolute and relative yield of these pro- 
ducts depends chiefly on the composition of the coal, the 
method and management of the operation to which they 
are submitted exercises a marked influence. Thus it 
may be seen practically .tlmt the products differ to the 
extent of several units per cent., according as the heat 
applied in the charring is low and gradual, or elevated 
and rapid* In the amount of coke, which constitutes 
by much the largest product, or more correctly, the 
residue, the observed variation from tliis cause is some- 
times 80 high as six per cent., but generally it ranges 
from three to four per cent. It is not only in quantity, 
however, that the mode in which the heat is applied 
I)Toduces a marked effect, the quality is liable to not 
less variation from the same cause. By the application 
of a low prolonged heat, gradually raised till it readies 
the Btrot>ge8t red heat towards the completion of the 
carbonization, the coke is more compact, from the cir- 
cumstancer that the fusion of the coal is more perfect 
under the gradually increasing temperature, than if the 
latter applied suddenly ili full force. Asa general 
TulOf, these matters ar& littje attended to in tlic liritisJi 
coke districts, vtlie, coal employed being so bituminous 
^ to yield, .under either of the conditions above stated, 
■a. compact mass, which can endure the cflects of car- 
rijige^ c^ cci&ray witliOut sustaining much injury. 

The methods irf-use for the charring of coal, 

fpr wfmpjver purpose,* may ho compreliemlcd under 
,• ibrM heads:, namely, distillation in close vessrds; hcat- 
ipg to*op(‘n heaps; and a method in which the prin- 
(jipjp of both is to a certain extent brought into requi- 
sitt^p.y ' 

Oi Uie first mode it is sufficient to say, in addition to 
wliat has been already Stated, that the coke so produced 
is not only limited in amount, but is of such a nature 
as to render it inefficieut where a very compact dense 
fuel is required, as in the iron furnaces and the like. 
Indexed, wlien close distillation is resorted to, the coke 
is less an object .of consideration than tho Ikpiid and 
Volatile products; and, tluctcfore, it will bo more in 
keeping with tho Editor’s.^plan to speak of it hereafter 
under the article Gas. By the second method, tho 
advantage is gained of preparing a large quantity of 
the fuel in a short time ; but at the loss of consider- 
able quantities of material, as will be seen afterwards. 
The third method in which a furnace of a special 
form is employed, and which admits of operating upon 
a large quantity of coals at once, is that which is daily 
becoming recognised as the most economical, for it 
operates quicker, with less loss, and requires less atten- 
tion than the olhors. 

Coking by the second method, or the open heap, 
requires nearly the same operations as the carboniza- 
tion of wood, only that the mounds are not so largo, 
and they require less attention. Two systems are fol- 
lowed, the ono characterized by tlio round heap or pile 
jfrocess, and the otlier by tbo coals being arranged in 
rows or ridges. For the purpose of coking in heaps, 
a level plot of ground is selected, the area of the heap 
marked out, and tho coals piled upon it, placing the 
larger pieces at the base, and so on to the top. Fircj 
is then applied in a cavity of about a foot in diameter, 

which is loisRod to this purpose, tho 

• i.iM 


carbonization allowed to proceed. In a short time the 
entire mass is covered with the fire, owing to the 
combustible gases which are discharged, and which, 
igniting, conduct the fire over the whole of the coals, at 
tho same time that they prevent its loss by shielding 
tho heated solid carbonaceous matters from contact 
with oxygen. When the whole mass is at a red heat, 
or nearly so, and the dense heavy smoke which is 
emitted as long as the decomposition of the volatile 
ingredients in the fuel is actively proceeding has 
ceased, a light coating of coke ashes, or the rubbish 
which has accumulated, is thrown on, and the air en- 
tirely excluded. Sometimes the mound is covered 
with straw, dried leaves, or brambles, and coke dust 
or clay, before it is ignited ; but this is not generally 
thought necessary, as the density of the coal and the 
downward progress of the fire, till it reaches the base of 
the heap, are sufficient protection against any greater 
loss than that which it would sustain even when covered. 
The period of charring a heap of twelve to sixteen feet 
in diameter, and two and a half to three in height, ex- 
tends over two or three days before the work is finished. 
WiitKiNflON’s modification of the proce.ss, by the con- 
Blruction of a chimney in the middle of the meiler, so 
that it may serve as a drauglit to any portion of the 
mass, lias been productive of great advantages in 
coke-making, and has, with slight modifications, been 
adopted in Staffordshire, on the Clyde, in Scotland, and 
at several other places. This appendage to the meiler 
is usually of a conical form, tho base being about three 
feet in diameter, and from one foot and a half to two 
feet at tlie top. The bricks arc laid so that internieiiiate 
channels present themselves all round the pile. At the 
top it is solid, and closed with a lid. Its height is 
usually throe or four feet. Around the base of this 
chimney the coals arc piled, employing the larger pieces 
for the base, and putting tho smaller ones on towards 
the top and outer surface. Several channels are 
fashioned in the mass from the base of the chimney to 
the outside of the heap, through which a supply of air tra- 
verses to the region of combustion. TJie preliminaries 
being cfiectcd, and the heap coated witli powdered coke 
or rubbish, fire is introduced at tlie mouth of the cliim- 
ncy, either by means of ignited coals or wood. Tho 
caloric which is evolved laterally through the openings in 
the cliiinney, very soon ignites the coal adjoining, and tho 
lieat extends gradually outwards to the circumference 
as the charring advances. As soon as the thick heavy 
smoke from the chimney is replaced by a lambent blue 
flame, it is significant that tlie fire has traversed the 
entire mass. It is now watched till the azure flame 
abates, at which time the draught of tho chimney is 
cut oir, by depressing the cover, and filling any chinks 
or cracks in the coating with fresh material. After the 
lapse of a few days, the process is finished, and tho 
coke is ready for di'awing. Fig. 67 rej)re8ente an ele- 
vated seel ion of this mode of charring, sliowing tho 
chimney and tho draught holes opening in all its cir- 
cumference, and thus offering a flue for tho volatile 
products to pass away. Sometimes this kind of meiler 
is ignited at several parts at tho outside, near the chan- 
nel flues at the base. In a short time the fire will reach 
the centre. A few air or vent holes may now 
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be made in tlie covering, by thrusting an iron bar into the 
beap. The Bmohe and other volatile compoundB issue 



partly by tliese, but care must be taken to frequently 
renew the perforations, as, when the coals are very 
bitiiminoiiB, the fusion of tlie mass is apt to choke 
them up. In about twelve hours or loss after ignition, 
the fire will have fi])read over the whole heap, which 
may then bo loosely covered with coko refuse, ashes, 
et cdteraj leaving the vent or chimney still fico. During 
two or tlirce duys the smouldering j)roeeeds, by which 
the volatile portions suller distillation, and are eniitted 
by the orifice last mentioned, and the cooling will have 
advanced so far as to allow of the coke being used. By 
this mode of permitting the whole heap to get iguite«l 
before covering, and sabsequenlly leaving the ohimiiey 
open, the elevated temperature is retained siilticientl}' 
to carbonize the mass, and at the same lime a waste 
of coke is avoiiled ; moreover, another im])ortant ad- 
vantage is gained in the ex[)ulsion of much more sul- 
phur than could bo effected if the air wore more freely 
admitted duiing the oporatnui. 

It (leseives also to be mentioned, that the coke 
manufacturer, by constnicding tlic ineilor iqioii a moist 
ground, effects a purilieation from tbo sulphur by moans 
of the vapors arising from the soil, and pussing lliroiigb 
the rod-hot mass. In this case the water must sutler 
decomposition, its oxygen passing over to the sulplnir, 
so as to form sulphurous acid, and the hydrogen con- 
stituting, with the carbon, light carbide of hydrogen, 
thus : — ’ 

2 no 4- S + C = SOg -f CII2 

When the sulplnir is united to a metal, and the 
aqueous vapor transmitted over it, the following charigos 
are more prevalent, assuming M to roi>resent the metal 
in combination : — 

no 4 MS = MO 4 IIS. 

If, however, the boat be too groat, or more air than is 
requisite be permitted to pass through the mass, this 
decomposition will not take place, and the sulphur in 
great part remains. The same end might be obtained 
by duffusing the ground with water before foi'ming tlic 
heap. 

It should bo remembered, however, that in tliis case, 
as in the cliarring of wood, in proportion as watery 
vapor traverses the incandescent mass, so a loss of Die 
carbonaceous substance is sustained. This will be 
evident from the above formulje ; but the importance 
of having the sulphur removed from the coke, espe- 
cially when destined to be used in the smeltis^ of iriCtoi; 


is much more thought, of than the advantage obtain* 
ing a large product. 

For the most part it happens that the circular inofmd, 
notwithstanding tlie assi^anco whiofi the central chim- 
ney affords, is too massive and solid to allow the heat to 
operate with its fullest eUect upon the ebaJs: The want 
of this distribution of caloric is supposed to be the cause 
of the coke retaining more or less hydrogen and oxygen, 
which injure in some dogreo its value. To remedy 
this, the mctliod of coldng in rows is resorted to. A 
site is marked out, the extent of which depends upon 
the amount of coke which is to be prc'pared. A line 
is stretched along the length of the plane, in the middle 
of the space vvbidi the ridge is to occupy. At the 
distance of seven or eight feet apart, stakes, six to eight 
inches in diameter, are fixed in the ground. Large 
pieces of coal arc then laid at each s.ide of the string, 
and inclined to one another, so as to leave a channel 
in tlui midst. To insure greater strength to the walls, 
if the first rows may be so termed, the i^aae of cleavage 
of the coal should form a right angle with the length 
of the heap. Other layers ot‘ coal in proportion to 
the size are placed beside and upon the first two, Using 
the largest coal first, till tbo row is- sufllciently high 
and wide, taking care that air channels are left >at inter- 
vals in the base. The usual height to whfeii ^eao 
ridges are raised is about throe feet When cojaapleietl, 
the whole is covered with coal dust or cinders, and 
.applied at scsvcral parts adjoining the air channeLs ^ the 
stakes are likewise drawn, and livp coals thrown into 
tlie vacant space which they leave. In a short time 
iJio whole mass will be in a state of active combustion. 
As soon as the heat has penetrated to the centre, tlie 
[)ilo may bo covered more closely, leaving the portion 
left void by tlie stakes as free as possible, so as to per- 
form the ofiice of a chimney. In case tliese should get 
choked by the fusion of the coal, they must from time 
to time be cleared by thrusting a bar of iron into them, 
or into any parts whore the combustion is dilatory. 
As soon as the white Itame resulting from the coDibus- 
tion of the carbide of hydrogen disappcarR, and is 
Buccccdiid by a lambent bluish blaze, ail the orifices 
arc closely covered, and tbo whole is left to cool. 

Such is the simple mode of coking in heaps and 
rows, but it may be remirrkcd that particular modifica- 
tions are required according to the kind of coal which 
is to be carbonized. Thus, when there is a large 
portion of fusible matter in the coal, caro must bo 
taken that the draught boles or flues are suflioienlly 
wide to admit of the increased volume which it ac- 
quires by the cflects of the heat upon it, without being 
closed thereby ; the fire, also, must be allowed to 
spread over the whole heap, as well interiorly as ex- 
teriorly, before it is partially covered with the refuse 
matter. When, by a closing of the draught or fluo 
holes, air is prevented from entering to tlie heart of the 
mass, considerable time may elapse, and much of iJie 
exterior may be coiiHiimed, before the interior portions 
are charred; and it not unfrcquently happens that 
while tlie outside of a ridge is completely coked, the 
interior is loft intact. As an auxiliary to the process, 
wlien very bituminous coals are operated upon, the fire 
^ kindled in the chimneys or spaces left by 
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till tbe base be yfeiO. ignited; tl^o £ek(^y 
wWcb tbm afford for ifeeeBCftpo of tbeprodiwt* of oom- 
buetio^ will expedite' fbe prooe8a» and tbe result will be 
4jbe general cbwrtog of tbe heap, wherew, if these pr^ 
eautioos n<H taW, tbe work would be but partially 
p^formed* l^e same observations will apply when 
the ooal ie small, and, therefore, forms a ridge whi<di is 
less impervious to air. In the latter case, instead of 
stajees Mng driven into the centre, brick ebimnoys are 
arected, as in the meiler system. 

Where there is great demand for coke, and the area 
admits of the construction of a largo heap, one portion 
may be undergoing carbonization, whilst tlie other is 
being constructed, and thus the. process of coking may 
be rendered eontinuQUs, The method of charring in 
ridges is preferred in most establishments whore te- 
uaces are not erected, os it affords a better coke, and 
is more expeditious than the other method. Among 
the more recognised benedts ore the partial purifica- 
tion from sulphur, which arises, as has been stated, 
from the feet that the iteam which evaporates from 
thS base ot the he^p pM^ , over the coke whilst at a 
rod beat) add operal^ already mentioned ; hence, to 
msuip -ft «s customary, wherever ])raoticable, to 
dit g\dybsi around the carbonizing plot, Hie water 
the gronnd always damp. Besides 
the ad^antag^ whioh aeefue from the floor of the heap 

* b^mg moist, thc'vjster is always required to arrest the 

’< 4oa rapid combustion which is apt to take place in some 

parts’ of the ridge; and also to extinguish the incan- 

* descedt charcoal when it cannot be allowed to cool 

* spontanedusly. 

' ■ A" laodiftcation of tlds method of coking boa been 

^ fbOowed for come time at the Janoti Works, near Saint 
tii^enne, in* France, and is useful for economising the 
rubbish, slack, or* snaall coal which could not bo 
worked in the manner detailed. It is evident that Uie 
adoption of some similar plan at 
many of the British collieries, 
whoro conaiderablo quantities of 
coal of average quality are al- 
lowed to go to waste, would be 
highly advantageous. 

The heaps or ridges which are 
constructed at th6 establishment 
alluded to, are almost of the same i 
dimensions as those formed with 
laige coal, and, like the last 
mentioned, may be citlior of an 
oblong or conical form, according 
os the ground affords the neces- 
sary facilities. To construct an 
oblong ridge, a board, a— Fig. 
58«^is placed in an inclined po- 
sition, suited to that of the heap, 
and resting on two iron levers 
sunk in the ground. Against 
this are fixed other boards, bbhj 
one over another, and secured by 
levers or bars of iron sunk in tib 
ground at regular dances apart, and iron hocks. 
After thft ^es me te of twelve feet in 
pFkim is 
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the first. AU these boards are pextoated, in order 
that conical stato may be introdooed to tbe interior 
through them, for the purpose of yfeldinc^ ingress to 
the air in the spaces which are loft after the la^ arc 
removed. 

The arrangement of the lower conical stakes, by 
whioh these internal air spaces are fbnned, is seen in 
the annexed Fig. 59, where the stakes are represented 
in the position they would occupy when passing through 
the lowermost series of holes, d[ d in the walls of 
the ridge. A large stake, running longitudinally in the 
middle of the prism, forms the prin- 
oipal one. Upon tWs other smaller 
ones are fixed, as at eee, perpen- 
dicular to it. These being adjusted, 
or in readiness, a layer of the small 
cool, moistened to give it consist 
tency, is thrown in till it rises to 
the level of the central stake, when 
the vertical ones are arranged as 
already stated, and a fresh quantity 
of coals added. By means of a 
heavy beater, the mass is rendered 
as compact ns iMDSsiblo. A fresh 
layer of the slack is added, and 
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rises to the level of the second 
range of holes in the side boards, 
when horizontal stakes are laid 
from them, so as to abut against the 
vertical ones at a slight inclination. 

After the coal has been arranged 
in the same manner till it reaches 
the third level, another series of Toilers is laid down as 
before, only that it is not requisite they should be set 
obliquely. All these posts are generally throe or 
four inches in diameter, and have a ring in the outer 
end to facilitate the drawing after the heap is formed. 
At this period the vertical stakes are drawn out, and 
then the side ones, beginning witli tlioee uppermost, 
and proceeding to the lowest. When this is done, the 
boards forming the walls are taken down and laid in 
continuation of the ridg^ij and the same order and 
operations are followed. In tliis way the prism is 
exfbnded to any required length, but usually it termi- 
nates when it reaches from fifty to sixty feet in length, 
or even less than this, according to circumstanoos. 

Ignition is commenced by lighting some round coal, 
placed at set distances in tbe upper holes, as well as 
in the middle of the heap. Care should be observed 
that sufficient space is left for the air to traverse tlieso 
channels. In a short time the fire gains sufficient 
strength to ignite the whole heap gradually. As this ^ 
is being attained, attention must be directed to the 
openings, that they do not become closed through 
the swelling of the mass, and, likewise, ths^ cracks 
or fissures forming in the exferior aro immediately 
dosed with refuse ooal. After the whole mass has be- 
come incandescent, and the evolution of whitish frame 
has ceased, water is poured into the lower lot#tudmal 
tunnel By the conversion d this fluid hfta steam, 
and its passage through the masa^ a further of 

mi oxygen is expelled, as wdl os some 
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sulphur. When Hiis operation is performed, the fii^ 
is extinguished by suffocation in the usual way. From 
six to ton days are required to complete the operation, 
and the coals afford half their weight of coko of fair 
average quality. It is evident that only caking coals 
are capable of being charred in this manner, as the 
non-bituminous varieties i;t^ould not remain compact 
enough during the period of the firing. 

The only drawback to this method, is the consider- 
able consumption of coals which is necessary to ignite 
the mass, and which amounts to one-twentieth of the 
whole. By constructmg the heap of a conical form, 
this may l^e reduced by one-half. It is done by an 
arrangement of boards, secured as in the prismatic 
heap, presenting the form of Fig. 60, and including a 
space of ton or twelve feet in diameter. A square 
stake, a — Fig. 61 — is fixed in the centre of the pile, 
against which lean six conical stakes, b b by placed at 
equal distances. The latter are perforated in the sides 
and upper part, for the purpose of receiving other stakes, 
cccj which assume a vertical and horizontal position 
to each of the six principal ones. Coal is thrown in, 
and well rammed down, till it rises about tlircc inches 
above them, when anotlior series of stakes is laid 
down similar to the foregoing, only tliat the smaller 
stakes leading from the six larger ones art) not directed 
above the preceding, as may be seen from the position 
of the holes in the larger ones. Anotlicr layer of coals is 
then laid on, and this course is pursued till the pile has 
risen to a height of three feet and a half, with a diameter 
of seven at the top. A number of smaller chimneys is 

Fig. 60. Fig. 61. 


constructed by fixing, in the first series of stakes, "Ver- 
tical ones at the points, m w m, which rise higher 
than the top of Uie pile. In the subsequent details of 
pulling out the stakes and igniting the heap, no mate- 
rial difference exists between the method already de- 
scribed and that under consideration ; the particulars of 
the carbonization are likewise the same in each. In 
this way much of the fuel which would otherwise be 
unsuited to such work as the smelting of metals, or for 
railways, is made to answer the same purposes as the 
best coal, and at little expense. 

Another system to which the coke manufacturer has 
recourse, is that of heating in ovens. In this case the 
heat employed for effecting the carbonization is gene- 
rated within the oven or furnaco, and at the expense of 
a portion of the fuel. Were tliis not so, the product 
would be wanting in the necessary density and com- 
pactness for the iron furnaces, and, like the coke from 
riie gas-works, would not be adapted for 


high degrees of temperature. The method of ook^ j 
in ovens is practised also for economy, as not I 
yielding n larger product of coke, but affording 'the 
means of recovering some of tlie ^oducts of the distil- 
lation. It is not, indeed, without its inconveniences, 
more especially if the coals be very 'much chsErged 
with sulphur; for, in this case, the coke retains that 
injurious element in much laiger quantities than if tlje 
carbonization were effected in the open mciler. The 
ovens, however, can hardly be excelled for the produc- 
tion of a hard dense coke; and hence tliey are em- 
ployed by several iron-smelters, especially those upon 
the Tyne. 

The commoner arrangement for the coking nf coals 
in this manner, is seen in the annexed engravings — Figs. 

62 and 63— the first of winch shqifrs an elevation, partly 


in section, of a series of four ovens constructed in a line, 
for the purpose of economising the heat; and the other a 
plan. They have a square or oblong form, with an area 
of twelve feet by ten, or less, according to circumstances. 
The height of the furnace is also variable, differing 
from three to ten feet. Sometimes about twelve hun- 
dred cubic feet of coal are charred in each at once. 
The w^alls of this construction, including the fireproof 
facing, are about two feet thick. In the arch is an open- 
ing, a, two feet in diameter, through which the gases 
and other products of combustion pass off. No grating 
is supplied in this case, tlie air being admitted through 
a perforated door, bb by about three feet scpiare, in the 
front near the base. This door is sometimes con- 
structed of a stout perforated cast-iron plate; some- 
times it consists ol *a mere frame, dy within w'hioh bricks 
are laid at sudi distances as Will leave sufficient space 
for the adtuisson of air. It is movable in grooves, cc, 
by means of a main, c, attached to a counterpoised 
lever. The coals are introduced through this as well 
as by the superior orifice ; but it is stated, that when 
the charge is supplied from the top, the coke is not 
so good as when it is deposited in the furnace tlirough 
the front door. It appears difficult to assign any 


Fig. 63. 



cause for this, other than that, when the filling takes 
place from above, the central part becomes so com- 
pact as to obstruct the free passage of air through it. 
Before chaiging, if the interior be not sufficiently 
hot, some wood is ignited ineide the front door, and 
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ilJlOiwed to buriiy aodn^ at tho first chaiges, tho combtis*^ 
lion is assisted by tbiowing powdered sulphur upon 
the mass. Dvring tho evolution of dense volumes of 
smoke, the top door w left open, and also the aper- 
tures in the door pt the base ; as soon as these disap- 
pear, however, both are closed, and the contents are 
allowed to cool. After twelve hours, or longer accord- 
ing to circumstances, the solid mass of coke is broken, 
drawn out with rakes, and wheeled off in iron barrows 
to a receptacle where it is cooled by sprinkling it with 
water. After a furnace is lighted, the first and second 
batch of coke which it yields is very much inferior to 
what is produced when it has been in operation regu- 
larly for some time ; this arises from the circumstance 
of the base and appendages not being sufficiently 
heated. Aftftf a few charges have been carbonized, 
and the masonry has become heated, the coke has not 
the sponginess which characterizes tho first charges; "the 
time occupied is also shorter, and tliere is no occasion 
for adding any fire, as the heat of tho base and side 
walls is sufficient to Ignite tho coal in contact with 
them. 

An improved form of this kind of coking oven is used 
in the neighborhood of l^ttsburg in America. This 
is ^presented in elevation and section in Fig. C4. 
For the most part it is constructed of bricks, and on 
the sido' of au incline, affording a facility for unloading 
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the coal on the top of the oven, and therefore erected 
in a position accessible by rail or common road. The 
hearth is oval, this form being preferred in order to 
avoid the iuconvonience arising from the adhering of 
the coke to the angular pgrts; its area is about tlie 
same as the English ones, but tho depth is only about 
three feet and a half, instead of being ten, as in the 
preceding case. In all tlie other details, the two me- 
thods are similar. 

In many parts of Germany and France, some of tho 
products of tho distillation are recovered, more espe- 
cially the tar. This economy is not so much practised 
in the cohimj establislimonts of England, altliough her 
maritime wants require considerable quantities of this 
substance. Tho kind of furnace or oven constructed 
for the charring of coal and the collection of coal-tar 
in Silesia, is rei»reBcnted in section in Fig. 65. The 
oven is of a cylindrical form, eight to nine feet in 
height, and four in diameter. Any ordinary building 
materials are employed in constructing the exterior 
portion of this oven, but the interior must be composed 
of very refractory clay or fire-bricks. There are two 
principal openings, A and n, through which the coal 
forming the charge is introduced ; the aperture, b, is 
closed by nicely fitting cast-iron lids, o, whilst the 
former may be seo^fi by mortar, to 

-A..'!,.!, m 


security is given by a cast-iron plate. In the bed and 
wall of the oven metallic pipes are laid at intervals, 


Fig. 65. 



and encased with Uie masonry and brickwork ; these 
serve to conduct air into the furnace for the puipose 
of carrying on tho combustion to such an extent as will 
be sufficient to char the mass contained in it. They 
arc seen at a in the base, and at 5 5 5 in the wall. 
All the volatile matters evolved during the carlKiniza- 
tioii are carried off through the cast-iron pipe, D, to a 
receiver, wherein the condensible portions are retained. 
In warm weather, and when work is active, this pipe i6 
immersed in a water tank, intermediate, for the more 
effectually condensing the tar; but this is not required 
in the colder seasons. Caro must be exercised in fill- 
ing the oven, to deposit the larger coal upon the hearth, 
and so on, reserving the smaller for tho upper layers. 
Inside the door, A, a space is left for the introduction 
of lighted coals or wood ; but as soon as tho coals have 
taken fire, the top door as well as the lower one are 
closed tightly, currents of air being circulated in the 
interior, through the openings in the wall and base 
of tho oven. The upper rows of holes are closed 
also, the draught being instituted through the lower 
series, till such time as tho contents of the oven have, 
at this level, reached a red heat. When this occurj^the 
orifices in the first row are^'closed, and those of the next 
opened, and left so till the fuel seen through them has 
assumed a red heat, after which they are closed like 
the foregoing, and the next opened. This process of 
opening the draught- holes is repeated till tlie whole of 
the charge becomes ignited. The time for changing 
tho draught becomes pretty definite when the oven is 
regularly worked ; thus, the coals will appear to glow, 
when viewed through the lower holes, in ten hours after 
lighting tho fire, and this indicates the fit time for clos- 
ing them; in about the same period, the second row may 
be secured in lilte manner; the third series remains 
open during sixteen hours, and the fourth only three 
hours. A period of twelve hours is tlien aUowed for the 
furnace to cool, at the end of which time the coke is 
drawn. In this furnace the coals operated upon are 
slightly bituminous; they afford on an average about 
seventy-four parts by volume, and fifty-three per cent, 
by weight, of coke, together with rather more than 
five gallons of tar. The coke which is thus manufac- 
ture is very superior, in every particular, to that which 



is fxreparod in the meOef) but the coorse of operations 
is, on l^e other hand^ expenidve and slow. 

In the same locality, a mode is followed for econo- 
mizing the slack and other small coal, by converting it 
into coke ; and this course of procedure is not very 
unlike that described for the coking of small coal by the 
meiler system. The femaoe is an oblong rectangle, 
with doors at each end, through which the small coals 
arc wheeled in, and there, atfi^ moistening them with 
water to make them cohere, they are well beaten down. 
In the walls a number of mr^channels are constructed, 
leading into the carbomzing q>aoe, and pieces of wood 
are laid between them, extending the whole breadth 
of the furnace. More coal is piled upon these, and 
pressed as solidly as possible till it rises as high as the 
wall, when it is covei^ whh a thick layer of ashes and 
refuse matter. Some of these ovens are capable of 
charring from two to three hundred tons of coal, being 
about eight feet wide, five in height, and from forty to 
sixty feet in length. Fire is applied to the logs of wood, 
which have a diameter of four to six inches, and as 
these are consumed, the)' develop as much heat as 
serves to ignite the coal, and the space which they leave 
acts as a flue by which air is admitted, and the com- 
bustion extended to tlie whole mass. It is said that 
the loss sustained by the coal subjected to tliis mode 
of operation does not exceed twenty i>er cent. 

In the vicinity of St. Etionuo, and other localities 
in France, a coke oven is in use similar to what is 
represented by Fig. 66 annexed. In appearance it 
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resembles an ordinary baker’s oven, with a low arched 
roo^ and a flat hearth without a grate. The bed, 
c 0, of the oven, which is nearly twelve feet wide, and 
twenty-three feet in length, is composed of a layer of 
refractory clay, well beaten down, and resting upon a 
base of cinders or other rubbish, dd, rendered as com- 
pact as possible. At each end of this oven there is a 
working door, A A, two feet nine inches in width and two 
feet in height, surrounded by a framework of cast-iron 
fixed in the wall, and in which a small sliding-door, E, 
moves ; there are likewise apertures, f, for anbrding a 
view into the interior of the oven ; and in the centre of 
the arch, a space, i), about eighteen inches in diameter, 
is left to serve for a chimney. The height of the oven, 
from the hearth to the most elevated portion of the 
arch, is four feet. Above the arch, which, like the 
hearth, should bo composed of refractory material, 
common stone, mixed with sand and mortar, serves to 
give the whole solidity, and to retain the heat. The 
eliarge is lighted by first heating the intorior with 
wood, hv& after a few charges have been drawih the 
wails aiid heartii are imfiiciently hot to cause the 
bastion of the coal. The depth of coal 



the hemth should not exceed eight indies if it ;| 

caking nature ; but when it has little of this 
the layer may be ton inches. A little water is sprinkM 
on the mass to promote its caking, and the whde la 
rendered as compact as possiblo. As soon as the layer 
is uniformly spread, the doors are drawn down nei^y 
to the bottom, leaving a few inches free, howeW, for 
the admission of air. At first, aqueous vapor is ^ven 
oil, followed by sulphurous acid and the other products 
of combustion; but it is fbuud advisable to BupjiFeSB the 
rajjid evolution of the latter, and to allow the slow ex- 
pulsion of all moisture, at such a temperature as will be 
conducive, in the presence of steam, to depurate the 
cuke from sulphur. All these products pass oft by the 
chimney in the roof. When the whole of .the moisture 
has been expelled, the disengagement of^ihe combus- 
tible gases becomes more voluminous, the gases 
themselves more inflammable ^ they ignite, and a 
smoko of a black color succeeds the douse y0ow cloud 
which was given off during the omissioii of the 'Watery 
vapors in conjunction with’ other bodies. '.’ When the , 
black smoke appears, the draught iS increased “by rais- 
ing tlic door to the heiglit of throe indies, hi oidsr to . 
expel the whole of the volatile prOdtmts. ' 

means the mass is in a short time raised to 'a 
heat. After the lapse of from half an hour tC’ah hour, 
the fuliginous cloud vanishes, and the gases emitted 
appear whitish. At this stage the heat will ’have 
spread over the whole mass, and a contraction in the 
bulk will have taken place, as may be judged from the 
appearance of numerous' cracks and fissutes in the red- 
hut mass. In about three quarters of' -an hour, these 
crevices will have penetrated to thehoaith,aBd the entire 
contents wiH be at a full red beat. Tile dbors are *nbw 
tightly closed, as well as all the other aporbms t] trough 
which air might enter, and the contents of the furnace 
left to complete the carbonization It is necessary to 
watch the operation, lest by the adnifesion of the air 
through the chimney, which is the only opening left, a 
loss of coke might occur. After the doors are closed, 
the ffame and smoke still puss oil, but tlic latter by 
degrees becomes more attenuated and whiter, till it 
nearly ceases altogether ; and as tlic pressure in the 
chimney is, at tliis period, considembly reduced, there 
is evident danger of a double current being established 
in it: namely, an outward current of tlie products of 
combiLstion, and an inward one of air. To guard 
against this, the mouth of the oliimney is gradually 
contracted as the pressure of gases from witliin be- 
comes less, till at tlioir disappearance it is entirely 
closed. Attonliori must now be given to withdraw the 
coke ill such a manner as to retain as much heat in the 
furnace as possiblo. To effect this, tlie doors are thrown 
open, and the mass of coke quickly broken up with long 
staves, then raked out, and conveyed away in barrows 
to a receptacle where it is sprinkled with water whibt 
red hot, both for the purpose of extinguishing the com- 
bustion and removing any excess of sulphur. Another 
charge is intr(iKluoed as rapidly as possible, and after 
the preliminary operations already pointed out have 
been gone through, the doors are closed, and the char- 
ring is again managed in the same manner. Each 
ehwge is worked oft in about tweaty-fotir hours. 
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i1g8, 67 and 68 represent a coking furnace in use 
^ in Belgium for carbouisdng coaL In these figures, the 


Fig,W 


Fig.eB. 



oven is represeptod at n n, the chimney in connection 
with this by A, and a flno loading to the latter by 
C C, The order .procedure is about the same in 
tips as wjlh the other kinds of ovens deseribed, only 
< . 01 ^; it qmdaTps i^.frainowork by which the whole of 
may be drawn out at once when necessary. 

In thdsb ovens which work olF only a thin stratum 
of coal, ijto' -coke which is formed is never so good as 
in- those in which a thick bed is charred. It is more 
difficult, however, to carbonize the coal under the latter 
circuQietanccB, and tlic product is less in amount. This 
arises irom thq fact, that when the mass is thick, and the 
coals arc of a fusible nature, the air is prevented from 
passing up through the heap, and the result is a superior 
layer of coke, a middle band of charred material, and 
tlm lower layer of updeoomposed coal. Even when 
the coal is hot fusible, but contains conBulerablo quan- 
tities of ashes, the cflects are the same; for, under the 
influence of heat/ the mass cracks into blocks of some 
dimensions, and the asbos which result from the entire 
combustion of a portion of the fuel fill the fissures, so 
that the draught is its effectually cut off as in the 
preceding iuatarico. The portion of coke wdiich is 
formed, howoviT, is, in consequence of the prolonged 
heat necessary for effecting the carbonization, so com- 
pact that it claims preference in the iron furnaces to 
all otlier kinds, provided no deleterious substances be 
contained in it. Experience has shown that such a 
coke resists the pressuie of the materials in the fur- 
nace, and affords a more intense heat when it comes 
within the region of the blast, than the looser kinds. 



To insure the production of such a coke, a modifi- 
cation of the oven has been devised to enable the coke 


manufacturer to char from seven to ten tons at A ^ 


time. Fig. 68 represents this Irnm of oven. It is 
constructed of ordinary refractory materials, and has 
an area of ten k&t square, whh a height of about 
four feet to the springing of the arch or dome of the 
furnace. To economise the heat, the arch should he 
BO constructed that it will reflect the heat of the fire 
upon the coal as much as possible, and thereby hasten 
the carbonization. After the mass of cool has attained 
a red boat, and the volatile matters arc expelled at 
the eliimnoy, the draUghtdudes are tightly closed, and 
the mass is left to itself in this state. Under the 
action of the confined heat the coke contracts in bulk, 
and acquires a considerable degree of hardness. When 
the charge of coke is drawn, the fioor of the kiln is 
cooled down to such i degree as that it will not affect 
the fresh charge, nor cause a pai*tial distOlation of those 
portions in contact with it, for the coal thus acted upon 
would yield a lighter and porous coke. This effect is 
produced by means of a winding or sinuous flue beneath 
the floor, as seen in a a, Fig, 70, which terminates in the 
chimney, 6, Fig. C9. 

Many other beneficial modifications and improve- 
ments are introduced where largo quantities of coke 

Fig. 70. 



are prepared ; such as c.ollating several furnaces in a 
range, by which much loss in the combustion of coal 
is prevented, owdng to the greater amount of heat re- 
tained by the materials of the furnace ; expedition in 
charging and discharging the ovens before or after the 
distillation ; and, not the least, the prevention of nuisances 
l)y the erection of tall chimneys, which cany the dense 
volumes of smoke evolved during the action of the tire 
high into the atmosphere, and, to a great extent, out of 
the range of vegetal and animal life. Several such 
improvements may bo observed in the coke ovens 
established at Camden-Towii for supplying the rail- 
waj^, especially those of London and Birmingham. 
Fig. 71 exhibits the disposition of tliese furnaces, of 
which there are eighteen or more in a continuous 
row, and all the volatile products are conducted by a 
horizontal flue to a tall chimney, which is pluocd 
at one end of the line. Like some of those already 
described, the bed of those furnaces is elliptical in foVm, 
tim greater diameter being about twelve, and the lesser, 
the walls are about three feet thick, being 
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lined with refractory firebrick or clay. The soles of condition ; and without these data, it is nearly intpjafi* 

^ J. J. n •T.1 - 1 1. ^ 


these furnaces are constructed of solid materials, well 
compacted, the upper layer consisting of firebricks. In 






the front are the openings, a, forming the cliarging 
doors, which are three and a half feet wide exterior!}', 
and about two feet three quarters interiorly ; they are 
closed by cast-iron plates, Ic ky five feet and a quarter in 
height, by four in breadth, to which counterpoise cJiains 
passing over pulleys are appended at the u})per ex- 
tremity, and which facilitate the opening and closing 
of the door. 

The draiiglit of air passing through the furnaces, is 
regulated by a damper fixed in the horizontal flue ; and 
to prevent smoke from issuing from the mouUi of the 
chimney, a quantity of air adequate to tiic carbonaceous 
gases Is introduced into the flue, so that the combustion 
of those products is effected. Each furnace is charged 
with three and a half to four tons of coal spread over 
the base. Fire is applied as well at the base as at the 
front door in the first charge ; hut after this is charred, 
and the walls of the furnaces become heated, ignition 
is produced by lighting some straw or brushwood under 
the arch of the furnace. Combustion proceeds regu- 
larly till the whole contents arc at a red heat, and the 
entire volatile ingredients expelled. This takes i)lace 
in about forty hours, at which time the dampers arc 
closed, and the mass of coke is left to cool spontane- 
ously, to render it more compact. After cooling, the 
coked mass is broken, and then drawn out by an iron 
rake, the handle of which moves on an iron ring sus- 
pended before the opening. 

Such are the forms of furnaces adopted, and the 
processes usually fifllowed in the manufacture of coke, 
but there are many modifications according to the 
nature of the coal. Some of these are calculated to 
afford a larger product, whilst others are intended to 
manufacture a purer coke than can be done by the 
ordinary method. The principle involved in those 
improvements which have in view the increase of tlie 
product, ifi such an equalizing of the temperature as to 
prevent the heat exercising an undue cflec-t on one por- 
tion of coals, whilst another may not be fully charred. 
The advantage gained, however, even by the most 
careful management, docs not, accoiding to the re- 
searches of Karsten, amount, in the case of the 
cliarring of coals, to more than five or six per cent. 
Generally, the quantity of coke which a coal produces 
depends more upon its atomic constitution, and the 
amount of ash which it contains, than upon any other 


Bible to judge what quantity of coke a coal will 
The analytical tables, given at pages 80, ^1, and 82. 
will throw some light upon the amount of product iioin 
many varieties. British coals usually average from 
fifty-four and a quarter to about seventy-three per cent. 
American coals examined by Johnston yield about the 
same quantities. In either case the inorganic consti- 
tuents, which take from the heating effect of the coke, 
are included in the calculated amount. By deducting 
these matters coustituting the ash from the coke^ and 
comparing the principal .combustible with the content 
of the original coal, the numbers will stand in nearly 
the following centesimal proportion for the varieties 
mentioned : — 


Sand roal, 

Sillier coal, .. . 

Cakiiip coal, 

Ant hracite sinter coal, ) 
i-nnd coal, / 


Entira ooiiteiU of 
('iirbon in coal 

75 to 80 
80 „ 85 
85 „ 90 

90 „ d6 


rure ook« prodtiMd 
tlicieiroin 

55 to C5 
. ' ' 60 „ 70 
. . 60 „ «0 

65 „ ' 94 


Ah already intimated, the quantity of carbon in the 
coal previous to charring is no certain ' guide to the 
eHtimatioii of the coke which it wilt produce ; for some 
varieties, very rich in this element, hut associated 
with hydrogen and oxygen to a considerable extent, 
yield but a low jicr centage of fixed matter after tlie 
lire has exerted its influence upon tlio mass. To arrive 
at the knowledge of how much coke any particular 
kind of coal will afford, recourse must either bo liad tG 
an accurate analysis of the substance, or a careful 
observation of the actual mean produce of a number of 
charges. 

The cost of manufacturing coke by tlie furnace sys- 
tem, averages in England about one shilling and two- 
pence per ton. In Belgium, the expense amounts to 
about two shillings and a penny, even when working 
the large furnaces. 

Washing, — Of the irnprcvcnionts for the purpose of 
producing a better quality of coke, the method of wash- 
ing lately introduced in France deserves notice. In that 
country, as well as in Belgium, the veins of coal are inti- 
matel}' hlcndc<l with shaly matter? near the walls, or 
intersected with such substances, which are in sorao in- 
stances harder, though in others more friable than the 
coal. In this state, it could not be advantageously 
employed for coking; and, with a view to economy, 
it is customary to assort the coal into three classes 
or qualities. This is done by means of an apparatus 
called a gailletfiruy consisting of strong sicvcR, upon 
which a stroain of water falls. The largest pieces, 
called gailUittiSy about two cubic inches in size, are 
retained in the first sieve; the gailktinsy or second 
size, are composed of pieces about one-third of a cubic 
inch; and the tiiird, or taiUy consist of fragments 
smaller than these. From the first, the pieces of schist 
may ho easily removed by picking; but the second, 
in which considerable quantities of stones and otlier 
matters are retained, cannot be so purified ; whilst, 
in the third, or tails, all the earthy, pyritous, and 
other friable impurities accumulate. M. MarsiLlv’b 
experiments showed that the coals from the basins 
of the Mens and of Valenciennes, when so treated, 
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ittd the products converted into cohe, gave a result 
inAiufesting considerable' difi^ence as to quality. The 
first selection, or gmUeteriej afforded a good coke, 
its ashes averaging from six to seven per cent. ; the 
coke from tho next selection was not so good, and 
retained from seven to eleven per cent, of mineral 
matters. . The original coal, when carbonized without 
any preparation, yielded a product intermediate be- 
tween these. It was inferred from such results that 
tho substances which affect the purity of tho coal 
are those which arc more friable, and that, by a proper 
course of treatment, they might be concentrated in the* 
trees or final refuse of the coal. To effect this, the 
coals are subjected in some .places to a process of 
washing, similar to tliat followed in tlie purification of 
minerals. In tho pyritmis coal localities of the Vosges, 
this process has been practised for a considerable 
period; but it was not adopted in other collieries till 
about 1840, when it was introduced into the coal dis- 
tricts, of St Etienne liive de Gier, and at tlie Mons 
Tig. 72 . and Valenciennes. 

Fig. 72, annexed, 
shows a side elevation 
of a simple machine used 
for this pur])ose ; and 
Fig. 73 a plan of the 
same. It is a rectan- 
giilar woo<len trough, di- 
vided into twr* unequal 
compartments by a par- 
tition, A A, which does 
not extend to the bot- 
tom. In the larger com- 
partment, a grate, n b, of 
osiers, iron wire, or per 
forated zinc, is fixed, and 
upor» this the coals are 
cast. Tlie trough is 
filled wiili water till it 
73. rises to the coals on the 

perforated shelf, when the washing is proceeded with. 
This is efiected by moving the jiiston-rod attached to 
a box, c, filling the smaller compartment, up and down 
in tho water by means of an arrangement of levers, D, as 
seen in the tlrawings — a movement which has the effect 
of forcing the water Jiigher in the larger division of the 
trough, and of floating the lighter portions of tlie mate- 
rials, so as to cause the schistose matter to gravitate to 
the bottom by the motion produced by the alternate rise 
and fall of the water. When the action has been con- 
tinued for a sufficient, length of time, the superior layer 
of purified coal is removed from the under layer of im- 
purities. To render this part of the work less trouble- 
some, anotlier perforated bottom, F K, is fixed over 
the grate, bb. During the washing, the pjTitous 
and other matters fall through tlie first, ff, and accu 
mulate upon the second one, whilst the purified coal 
still rests upon the former. Under favorable circum- 
stances, three men can work off from twenty to twenty- 
five cubic yards of coal in the space of twelve hours 
by this machine. The water is drawn off from time | 
to time, and supplied by a proper adjustment of stop- 
cocks, et c^ra* 



The apparatus employed at Commentry for wash- 
ing the coal, is, on the whole, simpler than the preced- 
ing. Figs. 74 and 75 show a plan and elevated section 
of the apparatus. The pipe, B 6, conducts the water 
by the connecting pipes, T tt, to the stages where the 
fuel is washed, and which are represented at a B c d, 
c' d'j et cetera. The coals are deposited in the up- 
per compartment of those beds, as at A B, a'^b', and when 


|i^ 
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Ihe water passes through, the larger pieces are retained 
by the gratings which divide these from c,c'; while 
those pieces which pass through tho openings of the 
first grating are retained in the second, and so on, the 
water finally passing off by the exit pipe, E f. Several 
other niacliines have been tried; but the most eco- 
nomical seems to be that of M. Berabd, introduced 
about six or eight years ago, and another of a later 
date, invented by M. Tkokiilicii. 

Bkkard’s machine consists of an elevator^ a separa- 
tor, and what be terms hancs a lavage. The elevator 
is formed of an endless chain of buckets, which lift a 
certain quantity of the coals from tho pit or trough 
where they are deposited. These buckets empty tliem- 
selves ui)on the second part, or the separator. This is 
a long box divided into compartments by perforated 
plates, the perforations of which decrease as they 
extend from tlio upper to the lower part of the box. 
By a jigging or shaking motion given to the whole 
apparatus, the lumps of coal are divided into four sizes, 
whilst the shaly and p}Titous matters settle to the bot- 
tom While effecting Uiis assortment of the coal and 
separation of the sulphur compounds, the same move- 
ment forces out the several kinds of coal by a side opening 
into the third part of the machine, or the hancs ^ lavage^- 
There arc likewise long rectangular frames, nine feet 
two inches in longtli by four wide, provided with per- 
forated bottoms, the holes in which are so small as to 
retain the pieces of coal thrown upon them. Like the 
separator, these boxes are divided into compartments, 
ai^ are kept quite filled with water. In one part works 
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I. 

11. 

111. 

IT. 

V. 

VI. 

vn. 




Carbon,. 

95-51 

85-85 

90-63 

94-21 

93-41 

93*0.5 

89-87 

84-82 

96*42 

97-60 


2-85 

12*07 

8-46 

5-10 


5-37 

8-35 

14-40 

2-75 

1*55 

Sulphur, 

1*64 

2-08 

l-Ol 

0-69 

0-79 

1-58 

1-78 

0-78 

0-83 

0*85 

• 

100-00 

100-00 

100-00 

100-00 


100-00 

100-00 

100-00 





XX. 

XII. 

XIII. 

XIV. 

XV. 

XVI, 

XVll. 

XVIII. 

XIX. 


Carbon,. 

94-08 

92-44 

89-69 

91-16 



94-31 

94-67. 

92-70, 


Anhes, 

6-04 

C-00 

8-3.5 

7-6.5 

.5-70 


4-97 

4-26 

5-70 


Sulphur, 

0-88 

1-56 

1-96 

1-19 

0-76 


0-72 

1-07 

1-60 



100-00 

100-00 

100-00' 

100-00 

100-00 

100 00 

100-00 

100-00 

100-00 



Tlie boating qualities of coke, altlioiigb easily inferred 
from the per centage of carbon, will be further con- 
sidered when the relative value of dillerent kinds of 
fuel comes to be examined. 

Patent Fljjaji. — In most of the operations of coal- 
mining, as idso in' coking establishments, much refuse 
accumulates^ which is frequently very rich in comhus- 
ti^ljn matter ; but o>ving to its being iii small dust or 
it cannot be used in the furnace by itself. A 
similar waste attends the manufacture of wood and 
peat charcoal, and without the aid of some cohcHivc 
matter, tliL? considerable portion of the original fuel 
becomes useless. 

Attention has for a long time been directed to the 
means of economizing such products in countries whore 
fossil fuel Is ecarcOy and tliis has nut been conhued to 
4he small refuse matter of the charcoal manu- 

factory, but Ijlos" beep extended to such bodies as saw- 
duaty wpod shavings, and other combustibles. Jn the 
district adjoining the Caspian Sea, where petroleum 
springs are .abundant, the inhabitants manufacture a 
fuel, by impregnating clay with the combustible fluid; 
the clods are afterwards burned in an ordinary heartli. 
Py the gradual evaporation and combustion of the 
carbides of hydrogen, a firo of considerable intensity 
results. Indeed, Uie various contrivances which now 
come under the notice of the chemist, with a view to 
the production of artificial fuel, are little more than a 
copy or counterpart of the method adopted by the 
Orientals for solidifying the naphtha. TJie Norwegians 
have long economized the largo quantities of sawdust 
which they produce, and convert it into a household 
fuel, by incorporating it with ordinary clay and a little 
tar, and moulding the whole into bricks. Of late years 
attempts have been made in this country to introduce 
a eiiuilar practice, by parties who proposed to employ 
sawdust, brushwood, shavings, spent tanner's bark, 
and the like substances, in the manufacture of fuel 
and comhustiblo gases; but hitherto the speculation 
has not succeeded. The principal ingredients which 
are taken for the production of artificial fuel are small 
coal or slack, friable authracite, the refuse or brees 
from charcoal and coke ovens, and peat — all of which 
are mixed with more or less pitch tar, or refuse fatty 
bodies. The product of some of tiiese ingredients is 
found in many respects superior to natural fossil fuel, 
and may be used where the highest temporatares are 
required. For generating steam, a fuel carefully manu- 
factured with small or refuse cool and pitch, or sub* 

7?bJSi . . . ...Lai.,...,., 


stances of a similar nature, is often preferred to ordi- 
nary steam coal, as it ofters conveniences for stowage 
which coal does not, whilst its heating power is equal 
to, if not greater than, that of the mineral fossil. 

In France, a very fair quality of charcoal is prepared 
with the refuse from the charcoal ftirnaces, by mixing 
it with other substances, such as cluirred i)eat, spent 
tan, and the like, adding tar or pitch. Tbo course 
of procedure is to grind the solid witli the fluid 
ingredients into a homogeneous pasty mass, which, 
after being moulded and dried in the air, is sub- 
jected to heat in close vessels, and all volatile gases 



expelled. Fig. 76 represents the mill employed for 
mixing the charcoal, after being reduced to coarse 
powder by a preliminary grinding, with the tar or other 
liquid. It consists of two fluted cast-iron rollers, A a"', 
cormcctod with an upright centi*al shaft, B, bearing a 
mitre-wlieel, C, which is turned by a pinion, i), gearing 
into it. The rollers move upon the bed-plate, ii il, 
on which the materials are hiid and submitted to the 
action of the revolving masses till thoi'onghly mixed. 
A scraper, o, follows the rollers in the usual way, in 
order to bring the substances within their range, and 
by means of another, M, tbo material is discharged at 
the slide, F, into tlie box, E. About six or seven 
thousand gallons of the mixture are prepared by this 
machine in twenty-four hoiUR, and the force required 
to work it is calculated as one horse. From seven to 
nine gallons of the tar is doled to about two hundred* 
weight of charcoal powder. 

After the mixture is prepared, the pasty mass is 
moulded into appropriate forms by a machine such 
as that sketched in the annexed Fig. 77. By this 
machine the fuel is formed into quadrangular or oic* 
cular ii^4j|i|Ses by moulds into which it is introduced, and 
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therein eubmitted to pressure by means of a heavy 
log or beam of wood, which carries pistons that work 



into those frames. In tlio above figure, the beam is 
represented by a b moving on the uprights, o u, g ii, 
which keep it in its place by the eccentric motion com- 
municated to the rods, u, i j ; a, &, c, ef, c, indicate 
the pistons which press the material in, and discharge 
it from the moulds,/,/,/,/,/. Two women are con- 
stantly employed in filling the moulds ; and whilst the 
one sot are being pressed and discharged by the pistons, 
a, Cf <?, the others are replenished. When the beam, 
a B, is raised, the filled moulds are brought under the 
pistons by a horizontal motion communicated to the 
casting, E E, by the pinion and wheel, L, k ; on the 
descent of the beam, tlicse are in turn discharged, the 
others bciug filled in the meantime, and the motion of 
E fi reversed. In this way the operation of moulding 
goes on without interniption. An equivalent of six 
horse-power is required to work this machine, but with 
it one man and four women can produce about four 
hundred and fifty bushels of the fuel in a day. 

After the moulding, the next operation to which the 
material is subjected is the drying, which is merely 
an exposure of from two to three days to a current of 
air. 

The carbonization of the bricks is efiected in a kind 
of muffle furnace, shown partly in section, and partly 


llvIfiSr 


in elevation, in Fig. 78. The muffle in this furnace 
is about four and a half inches thick of refractory 
meteriaL It is heated by a fire at b, the Sme from 


which circumscribes the whole of muffle* The 
products of combustion pass behind the muffles by 
channel, c d, but return to the front by the frne, E, an4 
ultimately depart by the openings, //, W the sub- 
terranean channels, leading to the "chimney at 
the back. The bricks or moulds, which are generally 
four and a half inches in length, by one and a ludf in 
diameter, are packed in the carbonizers, which may be 
sheet-iron boxes, H H H, or cast-iron cylinders, in; 
these are fixed on tnicks^ to facilitate their intro- 
duction and withdrawal from the muffle by a door in 
front of the case, lined with firebrick and refractory 
clay, whicJliL may be opened and shut at will. This 
door is shown at K, and when the carbonization is 
proceeding, all crevicos in it at0 .carefully stopped by 
clay luting. 

The first efiect of the heat is to eliminate moisture 
from tlio charring mass; this is followed by some 
carbides of hydrogen, all of which escape from the 
cylinders or boxes by small aperture8,;'alwut the time 
that the cylinders are begimung to bepotno red-hot. 
Air is then admitted cautiously at whereby the 
evolved gases are burned, giving out as much heat as 
is sufficient to comjdete the operation, . By having a 
series of eight muffles and cylinders, two may be 
charged every six hours, the material being cliarred in 
a day. When no more flame is observed in the space, ^ 
c, examined through M, the workman knows that the 
chan ing is completed, and the cylinders are ‘then with- 
drawn. 

Waste cuttings, brushwood, and such materials as 
could not be employed in the manufacture of ordi- 
nary charcoal, may be carbonized, and then turned to 
profitable account in tlio manner just described* 

The same principle is developed in tl^e manufacture 
of patent fuel from refuse coal or slack, and also from 
the waste matter of the coke ovens. In eitljer case, it 
is necessiiry to mix them v/ith substahees which will 
give a sufficient consistency to the mass, to cause tlm 
particles to adhere whilst coking or burning in the open 
or furnace grate. In selecting the cementing material, 
there are some who do not epnfine tiiemsclves to olea- 
ginous, fatty, or tarry matters^ but employ also loam, 
hydrate and sulphate of lime, and various other mineral 
substances, whilst others— and doubtless this is 
the best course to adopt — discard the use of all 
such bodies ; and, by a judicious admixture of 
two varieties of coal, or by operating upon the 
coal in a particular way, cause it to adhere, and 
80 bring it into such a form as will admit of its 
being burned as ordinary fuel, or coke. The 
most important of the patent fuels will here be 
alluded to. 

Wylam directs, in his patent for the manu- 
facture of artificial fuel, that small cool be mixed 
with pitch, and the compound afterwards moulded. 
The proportions in which these ingredients 
are taken, are four parts of slack to one of 
pitch. By means of edge stones, or other 
machinery, the pitch and coal are ground 
together, or otherwise mixed, and the mass is put 
into a l^rge hopper, from which it passes into a i^tort. 
Tins arrangement is seen in Fig. 79, where u u 
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thp reooiverB or' hoppers, from which the mixture 
W ^^rrled into the retort by the plain rollers, rbb, 
moved by the shaft, By the same agency, motion 



is communicated to an Archimedean screw, q, which 
works wifliin.the retcn’t, and the matter is discharged 
at each reVcJltitioh of the screw as fast as it enters the 
retort from the bhpper. As the retort is maintained 
at a red heat by*the hot air in the flue, T, the material 
beOotaes more or less liquefied during the passage from 
one end to the other. 

This pasty mass having fallen into the receiver, fl, 
is agitated, by the arms, r r — Fig. 80 — to prevent it 
. hardening into lumps bo- 
Pig.flO. fore it is moulded. The 

moulds, B B, are ranged 
m ^ movable oval table, 

A, to receive the pasty 
HH I mass. Into these moulds, 
in t*ams,conDOcted by pistons, 

NHV V y, are forced, by means of 

JHLIBHJHI— pi’essure exerted upon 
tliem in the cylinders, ux, 
and which are worked by 
— water. Tlie table is made 
to revolve by means of a lever, 2 , by tlie motion 
which the piston, y, communicates to it; and while 
in its revolution the filled boxes are conducted under 
the rams of the piston, v, those of y discharge the 
formed masses into a receiver, where they are further 
impressed with the maker’s name. 

If the pitch be not well distilled, and a portion of 
the oleaginous constituents are retained, the fuel, when 
stowed where the temperature is somewhat elevated, is 
apt to ignite spontaneously, in consequence of the evolu- 
tion and oxidation of those matters. The tendency to 
this is always greater when fatty matters or oils have 
been used with the small coal. Numerous instances of 
the spontaneous combustion of artificial fuels, and even 
of coals, have been traced to tliis cause. Such a disaster 
occurring in the hold of a vessel at sea, is almost oertain 
destruction to the ship. 

To guard against this danger, Wablich heats his 
patent fuel, which is prepared nearly like tho foregoing, 
to A temperature of from 400“ to 600® Fahr., in order 
to dispel all tho inflammable ingredients. By this 
means he produces a species of coke which, even in 
tropical climates, is quite safe. He mixes a little salt or 
alum with the combustible ingredients before mould- 
ing, that too muoli smoke may not be evolved during 






the ignition in the grate. A longitudinal section of the 
furnace and retort for heating and exhausting the fuel 
of its more inilammahle crnistituents, is shown in Fig. 
81, where A represents the retort, or the chamber 
wherein the fuel is heated, 
furnished with sliding-doors 
and rails, upon wliich the 
carriages loaded with the 
fuel nm. Caloric is com- 
municated to the matter in 
this chamber by means of 
superheated air forced in 
by the openings, p p, from 
the furnace beneath. The 
gaseous products are con- 
veyed by a pipe, b, and 
dip-pipe, D, into a main, E, 
arranged nearly in the same manner as in the manu- 
facture of coal gas. By means of Ibe exhausting 
apparatus — Fig. 82 — ^tbe volatile products are drawn 
off. This consists of two cylinders, H H, open at tho 
bottom, and working in vessels, 1 1, containing water. 
The cylinders are con- 
nected by a chain witli the 82- 

beam, j, and this again 
with the connecting-rod, K, 
by tho motion of which tho 
ends of the former are alter- 
nately raised and lowered, 
and consequently the cylin- 
ders, HU, also. At each 
elevation, the gases disen- 
gaged flow from the main, 

E, by tho branch pipes, L L, 
into one or otlier of these 

cylinders ; and as this cylinder is made to descend, the 
gases are forced out by tho pifies, n n, which dip into 
the tank, o ; tlicy are secured from being driven back 
into the main by a valve, M M, in connection with the 
pipes, L Lj which opens into tho cylinders when the 
pressure is removed, and shuts when this is exerted. 

At tlie expiration of six to eight hours the operation 
is finished, and a fresh charge is introduced. 

At Bknzy, the waste coal is worked into a patent 
fuel in the following manner ; — The coal is screened or 
purified from fragments of jiyritous and shaly sub- 
tances, b}^ placing the matter upon a metal sieve, fixed 
in a large vat, dommunicating with a pump by moans 
of a large pipe. When tho pump is worked, the water 
is agitated in tho vat, and this agitation causes the 
matter on tho sieve to arrange itself in the order of 
its density, tho heavier particles falling through to tlie 
liottom of the vat. The principle of this washing pro- 
cess is precisely the same as that represented in Figs. 
72 and 73. After the matter remainitig on the sieve 
is drained, it is removed and crushed between rollers, 
so as to render it more homogeneous. The coal thus 
crushed is mixed with seven or eight per cent of tor, 
and moulded into bricks. The apparatus fey wSudi 
this is performed is shown in Fig. 83, where B repre- 
sents the furnace by which the materials are heated, 
and A the ashpit. D Is an arch which serves to de- 
press the dame, so that it ihall pass the bridge, e, 
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and spmad itself over an extended surface at F r, for 
the purpose of heating a metal cistern, m m, which 
turns on a pivot, i, and is moved by a pinion, r, work- 
ing into the toothed edges, H n, of the cistern. A flue 
carries olT the smoke to the chimney. The coal, when 
thrown into the furnace, is spread evenly by a Take, 
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h attached to rods, I Z, that pass through the ma- 
sonry of the furnace, and are secured exteriorly by 
nuts. A boiler, v, placed over the arch of the furnace 
holds the tar or pitch in a fluid state, and tlie necessary 
proportion may be let into the charge of coal in the fur- 
nace by a valve, u\ at the bottom, which 
may bo -closed at pleasure by means of the 
rod, M. From this valve it tlows along the 
pipe, y y, which runs the whole length of 
the rakes, kk. In this way, a comminution 
of tho tar and coal is effected^ and when 
the operation is judged to bo complete, two 
scrapers are lowered, which collect the 
material, and as soon as the cistern has 
made about two-thirds of its revolution, two 
trap-doors are opened, and it falls into a 
receptacle, P p, below, whence it is after- 
wards removed while plastic by tho door, Q, and pressed 
into bricks by tlie hydraulic machino. 

Several other patent processes for solidifying small 
coal and tar into a substance fit to be used as 
fuel, differ but slightly from the foregoing. The pro- 
cess of Mr. Bessemer is considerably superior to any 
of these, as it enables proprietors to convert the whole 
of the cornbuBtihle material into first-class coal, with- 
out suffering the loss whi(’h is invariably attendant 
upon colliery operations. It consists in heating small 
bituminous coal to a temperature at which it fuses, 
and while in this state moulding it into convenient 
shapes. By this means, the use of mineral, tarry, 
or oleaginous cements are disj)en8ed with, and a fuel 
is produced nearly equal in heating qualities to tho 
round coal of the working, and much more convenient 
for stowage, from its being in regular shapes. In this 
operation, a series of very ingenious contrivances are 
brought into requisition, and made to perform the work 
with admirable regularity. The apparatus by which 
these improvements arc effected is shown in the an- 
nexed engravings — Figs. 84, 85, and 86. Fig. 84 is 
a longitudinal section of the furnace and retort; Fig. 
85 a longitudinal elevation of the pressing machinery, 


showing also the end of the furnace;; and a 

plan of the pressing machinery, wth part of the fuBr- 
nace and retort. 

In Fig. 84, the furnace, a a, contains a retort, h 5, 
which is represented broken, to indicate that it may he 
of larger dimensions than here shown. For oonve- 
nicuce of erection, it ahould bo made of thTee lengths 
united by flanges, and the joints made tight by iron 
cement. One end of this retort projects from the fur- 
nace, and overhangs a part, of tlie pressing ajipaaratus, 
as shown in Fig. 85. It has a ahelf or 
partition, cc, extending nearly to its whde 
length, and in a tangent line with tho 
upper surface of tho, polygonal drums, e 
and d. Over the latter, two chains are 
made to pass, which are connected by 
broad plates of iron, <7, with flanged ends, 
which are riveted i.o the single links of the 
chain; the edges of tho plates, y, which 
project, arc beveled so as -to form a 
scraper. Motion is given to this chain 
by the dnims, e d, which have projections, 
i, that fall into the si)ace8 between the binding plates, 
and tlius carry them round the drums. On the upper 
side of the retort there is fixed a hopper, j, in the 
lower part of which, where the slack or coal-dust is 
placed, is fixed a feeding drum, fc, with ribs or leaves 






closely fitting the tube of the hopper, Apperwlcd to 
the side of tlie hopper are bosses, in which the 
shaft, w, of the feeding drum revolves. The action 'of 
this part of the apparatus is as follows: — A fire having 
been lighted in the fireplace, a, the products of combus- 
tion pass under the retort, and escape at the open end 
of the flue, whence they may be conducted spirally 
about a boiler, for the purpose of generating the steam 
required to work the apparatus. When the economy 
of the waste heat comes to be considered, it will be pre- 
ferable to set tho retort so that the heat may ascend a 
nan’ow space between its sides and the w^alls of the fur- 
nace. An enlargement of the fire-chamber is shown at 
for the purpose of transmitting radiant heat to the 
under side of the projecting part of the retort. Tho 
temperature of the fumac-e having brought tho retort up 
to a heat approaching redness, tlie feeding drum is put 
in -motion, when the small coal or coal-dust will be de- 
posited upon the shelf, c c; but the motion of the chains 
and scrapers will move it along the shelf ; and, as each 
scraper comes in turn under the feeding drum, tlie coal 
which has fallen between each of them will be carried 
forward to the right end of the shelf, oft' which it falls on 
to the lower and hotter part of the retort, oocujiying here 
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08 before the space between the scrapers. It will bo ob- 
served thOt the entire weight of the chains and scrapers 
rests on the bottom of Uie retort, and hence, by the con- 
- staut passajjd of the former, the coal is prevented from 
sticking to it, and rendering its interior surface imoven. 
This rOovement not only prevents the caking of the 
coal ’fo the wall of the retort, but it turns it over repeat- 
edly, thus presenting to the heated surface fresh portions; 
the effect of the heat is thus equalized, and the fuel is 
conducted in a softened state over the opening, /, in 
the lower side of the retort, and falls into the rocei)tacle, 
ty where it is submitted, in regular course, to compres- 
sion in the apparatus,' represented in plan in Fig. 86, 
and in elevation in Fig*. 85. In these figures, a is the 


foundation-plate or framing of the apparatus. It is a 
sort of shallow box, having a flange around its upper 
edge, connected to the lower flange by vertical ribs, a', 
which divide it externally into panels. Upon the flange 
are bolted the plummor-blocks, n n, which support the 
crank-shaft, which is made very strong, to withstand 
the strains it is subjected to. The crank, D D, has only 
one throw formed on it, in the centre of which is at- 
tached, by a gib-head, between H H, the piston-rod of an 
oscillating steam cylinder, which, with its induction and 
eduction pipes, side valve and other necessary append- 
ages, may bo constructed in the usual way. This steam 
cylinder is not shown in the figures, but is placed with 
its axis in a lino vertically over the crank-shaft, and is 



there supported by trunnions, working as usual in plum- 
mer-blocks bolted to tlio two frames, v v. In order to 
regulate the motion of the apparatus, fly-wheels, F, are 
keyed on to each end of the crank. A stout connect- 
ing-rod, K, is made with a double gib-head, Jiii, to 
receive motion from the same crank-throw. The other 
end of the connecting-rod, K, is jointed by a gib-head 
and pin to two lugs, which project from the stout 
cross-head, i ; the ends of the cross-head slide in 
guides, T T, which arc secured by bolts to the flange 
of the bed-plate. Tliere are three plungers, L i. L, 
kej’^ed into the cross-head, and working in cylinder 
holes bored truly through the massive block of iron, 


N, which is secured by bolts to the hod-platc by a 
flange, and keyed up between steps cast on the same. 
The upper pari of the cylindrical block, N, has a large 
opening made in it, through Ihc bottom of -which the 
plungers, M, move. Immediately over this opening 
is the receptacle, into which the softened coal falls from 
the retort. Another set of plungers, rrr, work in 
the cylinflrical holes of the block, n, at tlie opposite 
end to that occupied by M M M. Two guide-bars 
are bolted to the flange of tlie bed-plate, and have 
holes bored in them of sufTicicnt size for the plungers, 
R R R, to woik in. The latter are made large enough 
to work tliiongh both these guides, so that when they 



are entirely -withdrawn from their respective cylinders 
in the block, N, they wrill be so guided as to re-enter 
them without difficulty. The plungers, R R R, are 
keyed to a cross-head, TJ u, on the ends of which are 
fitted, with gib-heads, two long connecting-rods, a s, 
seen in Fig. 86, the opposite ends of which are likewise 


furnished with gib-heads, and work on crank-pins, which 
project from one of the arms of each fly-wheel. These 
crank-pins are so placed -with refcreiice to the central 
crank-throw, that the latter forms an angle of 46^ 
with them ; that is, the one is the one-eighth part of a 
circle in advance of the other, and thus the action of 
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their respective plungers will be such, that they will 
altomately approach and recede from one another at the 
end of tlieir respective strokes. 

Tlie motion of the chain and feeding drum is regu- 
lated by passing a strap over one of the fly-wheels; 
this strap works on the drum, F, on a shaft, m, which 
canios a worm that works upon the upper side of a 
wheel, keyed on to the shaft of the polygonal drum, rf, 
Fig. 84; another worm works into the lower side 
of a wheel, keyed on to the axis of the feeding 
drum. From this description, the reader will under- 
stand how the steam piston, acting upon its crank, 
will put in motion the whole apparatus, and that this 
motion will be regulated by the fly-wheels; also the 
manner in which the cross- hcatls will be acted upon by 
their respective connecting rods, and likewise how the 
sets of plungers, L L L and r r r, are made to reci- 
procate in their respective ends of the block, N. Sup- 
posing the operation commences when the crank, d, and 
its connecting-rod are in a horizontal position, and the 
plungers, L l l, withdrawn as far as possible from the 
block, N ; if one-eiglith of the revolution be now made, 
the plimgers, L, will be moved forward a little, and the 
craiilv-pins will have risen to the horizontal level, 
and brought the plungers, r, nearer towards the centre . 
of the block, N. Upon tmuing the crank an eightli 
further, l will advance a considerable distance, being 
at half stroke, and at the same time the plungers, K, 
will have receded to their stiirting position. Here it 
must be observed, that the soft coal which was cairicd 
forward by the plungers, l, is compressed between 
the opposing ends of the two sets of plungers. In 
this position of l and r, there is a small space between 
tliem where any suqdus quantity of coal may squeeze 
out, before it is made to enter the close part of the 
cylinder; after which they will approach a very little 
nearer to each other, and thus pive the final pressure. 
If another eighth of a revolution is now made, the 
relative position of the crank and crank-pins will give 
a quicker motion to the plungers, k, which will com- 
mence receding from the plungers, l, and thus leave 
no pressure on the solidified lump of coal. If the 
pressure were not thus relieved, the lump of coal, as it 
merges from its cylindrical hole in the block, N, would 
be broken, there being no longer any circiimferontial 
support for it. Another eighth of a turn will complete 
a single stroke of the plungers, l, and have entirely 
expelled the block of coal, which then falls down into 
the receptacle, the plungers, K, having receded still 
further, and allowed ample space for the block of fuel 
to fall. j 

Another eighth of a revolution will commence the 
return stroke of the plungers, and by following on in 
the same way until one complete revolution is per- 
formed, the respective plungers will again have re- 
sumed their original position, and be ready to renew 
the operation. 

If three plungers are made use of, as here represented, 
three blocks or cylinders of fuel, of equal length and 
diameter, will be formed at each complete stroke of 
the engine. As there is a tendency in the block of fuel 
to stick to the xfiimgcrs, l, a detaching frame is placed 
at the end of the machine whore the blocks are expelled. 


This consists of thin bars of ^n, flxed <m an 04^18) 
the ends of which work in lugs on the giiide bar, trtr; 
the other ends of the bars aro conimcted by a rod, 
and upon tlie cross-head there are bolted two snudl 
frames, which cairy rollers, upon which the lors rest. 
When the cross-head, s, moves backward, and allows 
the blocks of coal to be projected outwards by the 
plungers, L, then the rollers will pass under the in&Kned 
part of the bars, and descend by their own weight, 
and the rod will come in contact with the blocks of 
coal, and detach them from the end of the plungers ; 
if they should adhere, the reverse motion of the cross- 
head will again raise up the. bars in readiness for a 
repetition of the process. 

From what has been before stated in reference to the 
softening process by heat, it will have been understood 
that the coal-dust may be made to traverse tlie shelf, cc, 
where it will receive a preparatory heating, and after- 
wards traverse the bottom of the retort so quickly, as to 
produce such a slight elfect upon the bituminous portion 
of the coal, as only to soften it a little,' and rendw it fit 
for the operation of compressing into solid lumps possess- 
ing the general properties of tlio coal from' which it is 
produced. One of the objects for which these ox>era- 
tious are pciformed, is to alter and modify the composi- 
tion of the resulting fuel, by driving ofl* certain of tlie 
volatile constituents of the coal, and thereby rendering 
such fuel more fitted for certain processes ia*tbe arte 
than ordinary coal. To elTect this object, tlic speed of 
tiie feeding and polygonal drums may be adapted so" aJi 
to subject the coal to any assigned j^riod of operation, 
and the intensity of the fire being also regulated, the 
extent to which the distillatory process is casrriod will 
be under perfect control. The gaseous matter elimi- 
nated from the coal, as it traverses the hottest part of 
the retort, over the lire-platc, will have to pass over 
tlie surface of the coal which is advancing in that direc- 
tion, and help to heat it, while it also assists in trans- 
mitting caloric to the under side of the shelf, c c. Hav- 
ing contributed in this way to beat the materials, it 
ascends through an opening at the end of the furnace, 
and passes along over the coal-dust spread upon the 
shelf, and farther assists in heating it, and finally makes 
its escape through the pipe, x. 

This pipe should have an elbow descending in the 
manner usually adopted in gas-works, and known as the 
hydraulic main. In this vessel the liquefiable portion 
of the volatile matters will be condensed, and the gas 
may be passed to a gasometer, where it may be stored 
for use. The fuel resulting from this paitial distillatory 
process will be found to be less fusible in the furnace 
than ordinary raw coal, and consequently the caking in 
the furnace will b<i prevented. To divest the coal of 
as ranch of the volatile gases at as low a temperature 
as possible, an air-pump, constructed in the manner 
generally emidoycd for exhausting sugar vacuum pans, 
is used. The pump is connected with tlie pipe, X, and 
by the application of steam or otter motive power, the 
retort is kept in a state of exhaustion, which should, if 
possible, bo equal to twenty-four or twenty -five inches 
of mercury in the barometer. 

By this exhaustion, the liberation of the volatile gases 
from the oells and interstices of the fuel is facilitated, 


FUEL Analysis of Fuels. 


103 


and, the residtuu^y matter is rendered much more dense 
aikd compact when subsequently pressed. When the 
air-pump is used, the eduction valve must be made to 
communlpate with the hydraulic main, so that the 
gaseous toatters pumped out may pass oH into the gaso- 
meter* Instead of applying fire directly to the under 
side cf the retort, as shown in Fig. 84, superheated 
steanl may be used for softening the fuel. When this 
plan U adopted, a sot of cast-iron pipes are arranged in 
a furnace m the same way as is now commonly used for 
heating air and steam for blast and other purposes. 
Into, hue cud of this series of heating pipes, the waste 
steam of the engine is allowed to pass, and the pipes 
being kept at a' Ted heat, the steam will acquire a 
very high temperature, and in this state is to be supplied 
to the interior of the retort, to soften the coal. The 
retort, which may be constructed as already described, 
will not, in the event of steam being used, require any 
flue beneath it nr .fireplace, but it ought to be enveloped 
in brickwork, or some other non-conducting material, 
in order to retain tlie heat as much as possible. The 
steam-pipe wbould open into the retoit at tlie hopper, 
r, the. outlet, for the waste vapor and gases being Uic 
pipe, X, loading to the hydraulic main and gasometer. 

Besides these, several other patents have been ob- 
tained for tW manufacture of patent fuel from waste 
comlmsUblc materials, many of wljicli are but of little 
interest.. 

Analysis of Fulls. — Having explained, in the I 
preceding pages, the nature of the more commonly I 
occurring fuels, tie well as the processes by which ccr- | 
tain •varieties of them are prepared, to render them 
better suited for particular uses, it remains only to 
describe briefly the methods of analysis which arc 
usually followed when determining their constituents, 
and indicate the way by which their value, in point 
of heating effect and practical working in the furnace, 
may be arrived at. 

There are various processes whereby the composi- 
tion of wood, charcoal, ct cetera^ may bo found. Many 
of these are so simple, that any person having only a 
partial knowledge of chemical manipulation, can con- 
duct them with sufficient accuracy; several, on the 
contrary, require the experience of the advanced 
analyst to insure success. The examination, with re- 
ference to the quantities of carbonaceous and mineral 
matters, may be made by simply burning a weighed 
portion of the fuel in a tared crucible of platinum or 
porcelain till aU blackness disappears, and only the 
white or brownish ash remains. The difference be- 
tween the weight of the latter and that of the original 
substance, will give the proportion of combustible ingre- 
dients. But before an estimate of the value of a fuel 
con be formed, Boraotliing more than the preceding 
is necessary ; and this will bo evident from the con- 
sideration of its different applications in the arts and 
manufactures. For instance, the charcoal or coke 
manufacturer is chiefly interested in the quantity of 
carbon which he can retain after modifying tho wood, 
peat, or coal, by the action of licat; ho has little regard 
to the quantity of volatile or liquid products which can 
be generated from them. The gas-maker, on the con- 
trary, is mainly desiruus to secure such materials as 


will yield the largest volume of gas, whereas the liquid 
products of the distillation, and the coke, engage onJly 
a secondary part of his attention. 

To find in the simplest and readiest way whether a 
fuel, such as coal, is best adapted for one or other of 
these applications, it is necessary, in the first place, to 
dry the weighed sample thoroughly, and to find, by 
again weighing it after desiccation, how much moisture 
it contained. Tho heat of a water-bath will serve for 
this purpose, but an air or oil-bath kept at a tempera- 
ture of about 300® will answer better. Having deter- 
mined the quantity of water, the weighed sample must 
next be subjected to a full red heat in a crucible care- 
fully covered to exclude the air; and, for greater 
security, the latter is x>laced in a Hessian crucible, also 
covered, and containing calcined magnesia. The whole 
is then introduced into tho furnace. The magnesia 
serves as a support for the crucible containing the 
substance to be examined, as well as to prevent contact 
with tho outer vessel. The fire is raised to bright 
redness, and after being maintained at this temperature 
i for an hour, tlio vessels are withdrawn from tho fire, 
and. iJie enclosed crucible taken out, wiped clean, and 
weighed. The loss which appears on weighing will 
represent tho liquid and gaseous matters present, and 
the residue the coke or charcoal which the sample 
yields. If the per centage of mineral matters bo 
already found, the quantity of carbon in the coke is 
estimated by deducting this per centage from that of 
the total amount of coke ; but if the proportion of ash 
has not been ascertained, the crucible containing the 
coke is heated over a gas-lamp or in the muffle of a 
furnace, so arranged tliat a current of air shall circulate 
througli it, till all tho charcoal is consumed. 

In this way, the quantity of moisture, of volatile 
matter — consisting of permanent gases and liquids — of 
coke, and of ash, which a fuel yields, is ascertained ; 
and from them an average inference as to the value of 
the substance for tljo production of coke may be de- 
duced, though not for gas-making, because it loaves 
doubtful liow much of the volatile matter consists of 
inflammable gases, and how much of fluid products. 
When a very exact knowledge of a fuel is rccpiired, 
nothing short of an elementary analysis can be satisfac- 
tory ; and this must be coupled with another, showing 
the quantities of the different products derived from 
the fuel, when acted upon by heat, out of contact v^ith 
air. Kven both these fail in some cases to give the 
information required in relation to many applications 
of the combustible. 

By an elementary analysis, is understood the deter- 
mination of the simple elements of matter entering into 
the composition of a substance. To enter fully into 
the particulars of such an analysis would rather con- 
fuse than enlighten tho reader who may not bo conver- 
sant witli analytical chemistry, and those who are 
practised in organic analysis do not require a detailed 
description. A mere outline of tho process will, there- 
fore, be given. The first tiling to bo done is to rasp 
or abrade a portion of tho substance into as fine a 
powder as possible. A certain weight of this powder 
is then to be desiccated either in the water-bath or 
over sulphuric acid in on exhausted receiver, or by 
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passing over it dry air j)artially heated. The loss in 
either case will indicate the moisture it had contained. 
About ten grains of the dried matter arc then taken, 
and intimately mixed with eight or ton times the quan- 
tity of chruinato of lead or oxide of copper in a heated 
mortar, and immediately introduced into a dry combus- 
tion tube of hard German glass. Care must bo taken 
that tlie oxidizing agent, wbethor it be chromate of 
lead or oxide of copper, bo subjected to a rod heat 
immediately before its admixture with the combustible, 
to insure the absence of water ; also, that twenty or 
thirty grains of dry chlorate of potassa are put into 
the inner part of the combustion tube, and an inch 
or two of the oxidizing agent, before tlic substance 
to be examined. Having rinsed the mortar with a 
fresh portion of the chromate or oxide, and added this 
to that in the tube, the latter is tapped in a horizontal 
I)osition on the table, in order to form a channel in the 
upper part for the gases and vapors to flow over. A 
few fragments of copper turnings arc placed in the front 
part of the tube, and then a little asbestos. Ilaviug 
introduced these, the mouth of the tube is secured by a 
cork fitted with a small piece of tubing for connecting 
it with a poised chloride of calcium tube, in wliicb to 
intercept the water generated during the combustion. 
To the latter, another tube filled with a solution of caustic 
potassa, specific gravity 1*20, and commonly knowii as a 
Liebig’s apparatus, also previously balanced, is joined 
by moans of a caoutchouc connector. The Biiceess of 
the experiment will very much depend on the connec- 
tions of the various parts being quite secure. Luring 
the fitting of those parts, the tube may be placed in the 
combustion furnace. As soon as the several parts arc 
carefully adjusted, a few fragments of ignited cbarcnal 
j may be laid on the scaled end of the tube containing the 
chlorate of potassa, and after the air of the apparatus 
i is replaced by oxygen, the combustion is coniincncod 
! red-hot charcoal to tJic front of the tube, 

j Care must bo taken that (he development of gas be not 
I too raj)id, as in this case portions in, ay (iseape absorp- 
I tiori ; neither, on the other hand, must it be too slow, 
lest a vacuum be formed in the combustion tube, caus- 
ing a reflux of the solution of potassa, which would bo 
fatal to the experiment. A steady even stream is 
kept up by extending the ignited charcoal to fresh 
parts of the tube as the evolution begins to slacken. 
After that part of it containing tlie combustible has 
been brought to a red beat, and no more gas is evolved, 
the fire ia applied gently to the part containing tlie 
chlorate of potassa, so as to produce a gradual stream 
j of oxygen gas, the combustion tube being still kept at 
j a red heat. This has the effect of forcing over into 
I the absorbing apparatus any carbonic acid and aqueous 
j vapor wliich may remain, and at the samo time insure 
the entire combustion of any particles of charcoal that 
may not have boon exposed to the full heat. Finally, 
the closed point of the tube is broken, and a U-shaped 
tube containing fragments of pumice-stone, saturated 
with sulphuric acid in one limb, and pieces of hydrate 
of potassa in the other, is connected with it ; suction is 
then applied at the open limb of the potassa apparatus, 
to draw over all carbonic acid and moisture ; after 
which the chloride of calcium tube and bulbs arc 


detached and roweighed, and the increase in each case 
noted carefully, as from this the carbon and hydrogen 
of the substance is calculated. 

The calculation is founded upon the data afforded by 
the composition of water and carbonic acid — namely, 
that nine parts of the former contain exactly one of 
hydrogen, and twenty-two parts of the latter Sx 
parts of carbon. All tho water resulting from the 
combustion of tho hydrogen with the chromate of 
i lead, ee cetei'a, is retained in the chloride of calcium 
I tube, and tho whole of the carbonic acid, generated 
I under similar circumstances, is absorbed in tho bulbs ; 
hence, when due care has been ‘exercised, tho results 
I are very accurate. Sometimes a second chloride of 
I calcium tube is attached to the apparatus for absorbing 
tho carbonic acid, when tlio amount of nitrogen in tire 
sample is appreciable, with the view of arresting the 
aqueous vapor which this non-condensable gas carries 
with it from tlie potassa liquor. It will be evident, 
index'd, that, in almost all cases, this precattion ought 
to be adopted ; tor even when no nitrogen is contahied 
in a sulistance submitted to organic analysis, the air 
drawn over at the termination of the combustion be- 
comes loaded with moisture in passing through the 
bullia, and so far tho weight of the latter is reduced, on 
which account the amount of carbon found is less than 
the true quantity ; but by attacliing a second chloride 
of calcium tube, filled witli fragments of this salt after 
being fused, and which should be weighed beforfe arid 
aftcT the operation, and adding the gain to that of tho 
bulbs, this error may be prevented. 

Instead of compouiiiling tlie substance with a solid 
oxidizing agent as in the manner described, it may be 
introduced at onco, provided it has been previously 
dried, into the combustion tube in a tolerably coarse 
state, and a stream of pure dry oxygen gas passed over 
it. Tho tube should be of)en at both ends, one of 
which is to be put in conned ion with the reservoir of 
oxygen, and the other attaelicd to the usiu^ absorbing 
mi'dia. It is necessary tliat the oxygen bo entirely 
free from carbonic acid and moisture, and for tlie greater 
^ty it should be transmitted through a U-tube, hold- 
ing in one limb fragments of fused chloride of calcium, 
and in the olhcr pieces of solid potassa, before entering 
the combustion tube. In this process it is absolutely 
essential that the potassa apporatus sliould have a chlo- 
ride of calcium tube connected with its escaping limb, 
otherwise the excess of oxygen would carry with it con- 
siderable quantities of aqueous vapor, and so reduce the 
indication from which the carbon is to be calculated, 
Conneclion of the several parts being made, a gentle 
stream from the reservoir is allowed to flow through 
till all. the air is displaced. As soon as this happens, 
licat is applied to the tube by placing incandescent 
charcoal around it in the usual progressive way, tho 
current ot oxygen being still maintained, till it assumes 
a red heat, or nearly so, and it is kept in this state till 
all the carbonaceous matter of the substance operated 
upon is consumed. Gas may be very advantageously 
substituted for charcoal in conducting an operation of 
this kind. When all combustible matter is eradicated 
from tho tube, the fire is slackened, and the current of 
oxygen maintained for a short time. Tho parts for 
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absorbiog the water and carbonic acid eliminated 
daring &e foregoing process are detached, wiped, 
and balanced, as already detailed, and the hydrogen 
and oxygen are calculated from their augmentation in 
weight. 

To estimate the nitrogen, a second combustion is in 
some cases requisite. When the quantity is ascertained 
vohimetrically, the work may be accomplished at one 
combustion, by establishing a connection between those 
parts in which the hydrogen and carbon are retained 
as water and carbonic acid, and an apparatus for mea- 
suring the gas. A long combustion tube is required 
in this instanoe, so as to admit of a few inches of it 
being filled with copper turnings, to decompose any 
binoxide of nitrogen which may be produced during 
the action of the heat. The nitrogen traverses the 
chloride of calcium tubes as well as the ]) 0 ia 8 sa bulbs, 
and finally enters the graduated tube, and displaces the 
mercury with which it is filled. Wlicn tlio operation 
is finished, some oxygen is generated from the chro- 
mate pf potassa, in order to force over all the nitrogen 
and pUior gases remaining in the apparatus, A portion 
of thia Oxygen enters tlio graduated jar or tube, and 
must be removed before reading off the volume of nitro- 
gen. For this puq)ofle, after reading off the volume of 
mixed gases, a quantity of hydrogen equal in bulk to 
this mixture should be added, and as soon as diffused a 
measured portion should be transferred into an eudio- 
meter, and exploded by the electric spark. By noting 
the reduction in the portion taken, tlie quantity or 
volume of oxygen in the whole may be ascertained, 
from tlie knowledge that one-third of the decrease is 
oxygen. Deducting the voliune of oxygen thus found 
from that of the mixed bulk of oxygen and nitrogen, 
the remainder will be the volume of the latter in the 
portion of the substance submitted to combustion, and 
from which the weight is deduced, since, at a barometric 
pressure of thirty inches and a temperature of 6()“, the 
weight of one hundred cubic inches of nitrogen is 
20 '29 14 grants. 

Will and ^Abrentrap’s method is a considerable 
improvement upon tl»e system of analysis pursued 
the determination of nitrogen, inasmuch as it dispon® 
with the use of mercurial troughs, graduated measures, 
barometers, thermomctcre, et cetera; it is besides much 
simpler and less laborious, for whilst numerous correc- 
tions have to be made for temperature, pressure, and 
the like in the old process, by this the work is most 
accurately performed by simply weighing. It is based 
upon the property which the fixed alkalies have, of 
converting nitrogen, in whatever state it is contained 
in a substance, into ammonia, when aided by heat. 
The ammonia is fixed by an acid — generally hydro- 
chloric — and subsequently in tlie form of ammonio- 
chloride of platinum, which is collected, dried, and 
weighed, and the nitrogen calculated therefrom j 222*5 
pai’ts of the salt representing fourteen parts of the 
gas. 

The agent used for the conversion of the nitrogen into 
ammonia is soda-lime, which is prepared by slaking 
caustic lime with a concentrated solution of hydrate of 
soda. The compound should be thoroughly dried, and 
kept in well-stoppered bottles. In the cold it docs ujt 
VOL. tf. 


act upon the nitrogenous element of the substance to 
be analysed, and, therefore, both bodies may be mixed 
in a mortar, provided they are thoroughly dry,, without 
any fear of ammonia being disengaged or loss occa- 
sioned. The ordinary combustion tube answers the 
purpose, and the course to be pursued is the same as 
that already mentioned for mixing the ingredients and 
heating, et cetera. The details of the estimation 
of the ammonia, quantitatively, have been already 
stated at page 198, Vol. I., to which the reader is 
referred. 

The modification of this process, introduced by 
Ullgren, may be advantageously noticed here. The 
combustion with the soda-lime is essentially the same 
in this as in the preceding operation; the only dif- 
ference lies in the manner of condensing the ammonia 
adopted by this chemist. Fig. 87 represents the form 
of apparatus employed. In tijis cut, A and B are two 
U-shaped tubes, in the first of which the connector 
from the combustion tube opens; the upper portion of 
the first limb of the part A is charged with a plug of 
asbestos, a, and in the remainder, 5, small pieces of 
hydrate of potassa are 
placed ; fragments of 
glass occupy the bend, 
e, and the second limb, 
dy is filled with little 
lumps of caoutchouc. 

A tube, c, bent at right 
angles, and passing 
through perforated air- 
tight corks, connects A 
with B, which is filled with diy sulphate of zinc, and 
which should be accurately weighed before the experi- 
ment. The asbestos in the portion a prevents solid 
particles from passing by the force of the vapor upon 
the potassa ; the latter absorbs the carbonic acid and 
water, leaving the ammoniacal vapor and hydrocarbon 
gases to traverse further; the pieces of caoulchouo 
take up the combiisliblo products, so that only tho 
ammonia cjitcrs the tube B, where it is conjpletely 
absorbed by the zinc salt. To insure accuracy in this 
operation, it is directed that the part A bo immersed 
in water marking 170® before and after the experiment, 
80 that any ammoniacal vapors contained in it may be 
driven over to B. 

By weighing the tube B after the whole of tho 
volatile alkali has boon taken up, the increase of 
weight will show the quantity of ammonia produced, 
and from this the nitrogen is found, for seventeen parts 
by weight of the dry ammoniacal gas represent four- 
teen of nitrogen. 

Having, by one or other of tliesc processes, arrived 
at the knowledge of the quantity of carbon, hydrogen, 
and nitrogen contained in tlu fuel, llio oxygon, if any, 
will 1 k 5 the diffcrcuco between the combined weight of 
the three, and that of the entire organic or combustilde 
matter. Sometimes, however, it is necessary to con- 
sider tiio sulphur in the analysis of coals, when thie 
eloment is present in approciahlo quantity; because, 
during the couibiistiou of tho subelauco in tho air, it 
becomes oxidized, and passes off with tho carbonic 
acid and water as sulphurous acid. Its quantity may 

o 



■ 106 FUEL ^Estimation op Heating Power. 


bo detormiued by defla^ating a known weight of tho 
coal with about two parts of nitre, and eight or ten of 
chloiide of sodium, care being taken tliat both com- 
pounds be free from sulphuric acid; the sulphur is by 
this means oxidized into sulphuric acid, which becomes 
fixed by combining with the base of the nitre. By 
washing the mass with water, precipitating the acidified 
solution by chloride of barium, collecting the sulphate 
i of baryta, and drying, burning, and weighing the latter, 

! the quantity of sulphur may be calculated. About 

five-eighths of the portion of sulphur should be de- 
j ducted from ^he oxygen or loss expressed in the fore- 

I going, and the difierence taken as tho true value of tho 

oxygen contained in the compound. 

Although the ultimate analysis gives a comprehensive 
insight into the nature of a fuel, and likewise a means 
of finding its heating power tlioorotically; still it leaves 
! much to be desired in practice to enable one to form 
; a correct estimate of its actual heating effect in manu- 
! ! facturing operations. Many circumstances concur to 

! render the amount of work which a given quantity of 
I fuel will perform, less than theory indicates — Uic prin- 
cipal cause of the discrepancy being the want of such 
an aiTangemcnt of furnaces, as that the whole of the 
! caloric should bo directed to, and actually enter into, 
the performance of the work to be done. This is a 
desideratum which can scarcely be expected to be 
attained in so complete a manner as to yield pructl- 
I cal results, agreeing exactly with calculations founded 
! on tho nature of to fuel; the closer, however, that 
one can approach to this standard the greater will 
I be the economy realized, and the ncareT will the 

I practical results coincide with the deductions of 

j theory. 

i To anive at an exact knowledge of tho actual 
j quantity of heat w'hich a fuel ought to produce by 
I j combustion is impossible, no means being at hand for 
! insuring defiuitcimss to the result; hut when, as in the 
determination of the atomic equivalent of a body, an 
j arbitrary standard is taken, and the quantity of heat 

' which other bodies produce is estimated with relation 

j to such a standard, a comparative measurement is 

i I arrived at, which, though not expressing the absolute 

1 amount of heat produced, serves all the requirements 

' of the arts. The arbitrary standard assumed, is the 

' quantity of tbe fuel required to raise the temperature 

of a given weight of water a certain number of de- 
I gi'ees, or the quantity of water which a given weight 

j of to fuel or combustible will raise one degree. 

I This amount, whatever it may be, is taken as the 

! ; unit of heating power, and to number of such 

i units, or tho fractions thereof, which an equal weight 

j I of any particular fuel indicates by experiment, is 

j taken as the heating or calorific power of that com- 

. buBtible. 

1 Estimation of Heating Power. — Several in- 
i vestigators have bestowed considerable attention upon 
’ the subject of to quantity of caloric developed by the 
combustion of different substances. IjAVOIsier, La- 
place, and Bumford, were the first to enter this field, 
and tho research has been prosecuted with increasing 
gnoociss by several others, down to the recent investiga- 
tions of Drspretz, Dulong, and Anjorews. The 


principle upon which one and all founded toir experi- 
ments, was that of determining to efieot produced 
upon a third body by to heat given out during the 
union of the combustible under examination with 
oxygen. 

In the experiments of Lavoisier and LaflacEi to 
body employed for this purpose was pounded ice, which 
was so applied around a balloon as to intercept all to 
heat. Fig. 88 shows a section of their apparatus, 
which they termed a calorimeter. The heating powei 


Fig.ea 



was estimated in this case fi'om the quantity of water 
produced by the melting of the ice, and which flowed 
into the receivers, as seen in tlu» engraving. ThcBO 
philosophers determined the amount of heat requisite 
to melt one pound of ice, as being sufficient to raise the 
same weight of water at 32'" to 135% or J03 pounds of 
water one degree. Ilio more accurate experiments of 
l^EVOBTAYE, De&ains, Regnault, and otJicrs, as 
stated in a preceding part of this article — Vol. II., page 
20 — have shown that the heat which molts one pound 
of ice is sufficient to raise an equal weight of water to 
142°, or seven degrees higher tlian was estimated by 
Laflace and Lavoisier. 

A moment’s consideration of this metliod will con- 
vince the reader that it was liable to lead to wrong 
results, because it was impossible to recover tho whole 
of the water produced by the liquefaction of to ice. 
This is the principal reason why tho numbers given by 
these original investigators are too low. Ritmford 
substituted water for the ice, the incroase of tho tem- 
perature of which, aftcjr the absorption of tho caloric, 
as indicated by a delicate thermometer, was taken he 
Uio measure of the heating power of the substance 
tested. Many improvements have been made on 
ItUM ford’s method, which is now generally followed 
in the prosecution of these inquiries. The heating 
value of any substance is estimated from tho num- 
ber of pounds or parts of a pound of Water, which 
one pound weight of the substance to be tried wil 
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ijegree of Fahreuhoit, The following table sbows tlie results arrived at by dilierent experi- 


Kamo of OoaitMuttble. 


Hydrogen,, 


Carbonic oxide, . 


Phofiplionia, . 


Sulphur, . 


Antimony,. 
Zinc, 


Tin, 

IVotoxido of tin, . 


Copper, 

Suboxide of copper,. 
Cyanogen, . . . .* 


Merab gas, . 


Olefiant gaa,. 


Alcohol, C4 TTfi Oa 


Ether, O4 IIb 0 


Wood Bpirit,,...,..* Og 114 Oji 

FoubcI oil,. C,o Oa 

Amylic ether ^11 ^ 

Acetone, Og Hg 0 

Rock oil, 0 H 

Oil of turpentine, C5 IX4 

Oil of lemons, C,o ITj, 

Tercbene, Hg 

Camphor, ^10 ^8 ^ 


Symbol ol 
proilucl 
ol'<iuiulm«tion. 


Pounds of wfttor 
rnlsud by oiio 
pound of subAUuice 
or units of heat. 


Pounds of water 
misetl I** H’Ju'ii one 
Ifoundol os}gon 
oouibtucs wtui tlio 
combustible. 


’20,024 .... 

2,578 . 

. . Despretz. 

23,040 .... 

2,955 . 

. . Despretz. 

21,375 .... 

2,672 . 

. . Lavoisier. 

24,000 . . . 

3,000 . 

. . Dalton. 

34,743 .... 

4,343 . 

. . Dulong. 

34,792 .... 

4,349 . 

. . Hess. 

36,000 .... 

4,500 . 

. . Crawford. 

34.606 .... 

4,333 . 

. • Grassi. 

34;002 .... 

4,333 . 

. . Favre and 

33,808 .... 

4,220 . 

. . Andrews. 

3,000 .... 

1,125 . 

. . Dalton. 

5,175 ..... 

1,941 . 

. . Crawford. 

5, .325 .... 

1,907 . 

. . Kuniford. 

7,107 .... 

2,688 . 

. . Dulong. 

7,237 .... 

2,714 . 

. . Lavoisier. 

7,815 .... 

2,931 . 

. . Deapret/,. 

7,912 .... 

2, 9117 . 

. . Deapretz. 


C3 

SOg ..... 

2,571 

.... 2,571 

Ileas. 

b • • . 

2,001 

.... 2,001 

.... Dulong. 


1 

2,307 

.... 2,307 

.... Andrews. 

Sb 

Sb (■);, 

901 

.... 5,875 

.... Dulong. 

Zn 

Zn 0 . . . . -| 

1,314 

1,301 

.... f),290 

.... 5,306 

.... Dulong. 
.... Andrews. 

Sn 

. Sn O2 . . . - - 

1,233 

.... 4,545 

.... Dulong, 

L l,i41 

. . . 4,230 

.... Andrew's. 

SnO 

Su 0.^ . . . . - 

\ 534 

^ 521 

.... 4,47.3 
.... 4,349 

.... Dulong. 
.... Andrews. 



[ 1,702 

.... 4,340 

.... Dulong. 

Fe 

Ff's O4 . . . . ^ 

2,088 

.... 5,325 

.... DeapreU. 


1 

[ 1,576 

.... 4,1.34 

.... Andrews. 

Co 

CoO 

1,080 

.... 3,995 

.... Dulong. 

Mi 

Ni 0 

1,000 

.... 3,723 

.... Dulong. 

Cii 

Cut) ....J 

r 032 

.... 2,512 

.... Dulong. 

1 602 

.... 2,394 

.... Andrews. 

dig 0 

2 Cii 0 . . . . ^ 

f 244 

L 2.50 

.... 2,185 
.... 2,288 

Dulong. 

.... Andrews. 

Cg N 

2 CO2, N 

5,195 

.... 4,241 

Dulong. 


COa, 110 

4CO2, 6 no 

dCOa, 5 no 
2COa, 4 HO 

10 cOo, 12 no 


' 0,375 
13,185 

^ n,0t)8 

1.13,108 
6,000 
12,030 
• 8,436 

11,900 
J 1,942 
4,350 
6.7.50 
6,909 
■ 6,506 
7,183 
, 6,850 
' 4,650 
8,025 
^ 9,431 
9,027 
f 5,839 
I 5,304 
8,959 


10 CO*, 

11 HO .. 

.. 10,188 

.... 3,353 

3 00-2, 

3110 .. 

. . 7,320 

.... 3,317 

CO*, 

HO .. 

. . 7,335 

f 4,500 

.... 2,139 
.... 1,339 

SCO*, 

4HO .. 

.,■^10,490 

(10,874 

.... 3,187 
.... 3,301 

10 CO*, 

8 HO .. 

. . 10,663 

.... 3,237 

10 CO*, 

8 HO .. 

.. 10,959 

.... .3,327 

10 co*» 

8 HO ., 

.. 5,250 

.... 1,847 


[ Sclbermann. 


Grassi. 

Andrews* 

] )aUon. 

Dulong. 

Grassi. 

Andrews. 

llalton. 

Lavoisier. 

Andrews. 

Dalton. 


Dalton. 

Dulong. 

Gi'ussi. 

Favre and Selbeiroann. 
Aiidrows. 

Dalton. 

Dulong, 

Grassi. 

Favre and Solbormann. 
Andrews, 

Dalton, 

Kuinford. 

Dulong, 

Grassi. 

b’avre and Sclbermann. 
Andrews. 

Dalton, 

Rutnford. 

Dulong, 

Favre end Sclbermann. 
Gra&si. 

Favre and Selbermann. 
Favre and Sclbermann. 
Favre and Selbcrmann, 
Favro and Selbermann. 
Kuiuford. 

Dalton. 

Grassi. 

Favre and Sclbermann* 
Favre and ^l^imantu 
Favre and Selbermium* 
Dalton, 
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Name of Combtutlble. fiyiuboL 


Olive oil, 


Ciolle 0 .... 


Symbol of 
proiiuct 
ofoombuatloii. 


lOCOa, 8UO 


Found* df wiitpf 
ruisud 1** by ono 
pound of auUstanoo 
or unit* of Uuuti 

6,C75 . . 
7,800 . . 

0,045 . . 
0,802 . . 
11,100 .. 
9,300 . . 

....<{ 7,800 .. 

8,370 . . 

7,273 . . 

7,800 . . 

9,472 . . 
9,975 . . 

. 2,105 .. 


Ftfuud* of watnr 
rai«od 1^ whou one 
pound of oxvf^cii 
ooinbliioa witb tlio 
oouibufaUbio 



Attdtdilllaai 


Orawford* 

Daltou. 

Kumibrd. 

Dulonj^. 

LavoiBier, 

Knmford. 

Dulton. 

Kwiuford. 

Crawford. 

Dalton. 

Kunitbrd. 

LavoiBior. 

Daltuu. 


The fifth column in tho preceding table has been 
given, as having reference to a law propounded by 
Welter, namely, that all combuetible bodies disengage 
the same amount of heat during their combination with 
the same weight of oxygon; or, in other words, that the 
caloric developed was proportionate to tho amount of 
oxygen assimilated during tlio combustion. Welter 
founded this theory upon the results of Latlace, La- 
voisier, Despketz, Kumfoud, and others, which must 
be admitted to bo less trustworthy than those obtained 
by Dulong, Grassi, Andrews, and other modern in- 
vestigators; and it will be seen that when the numbers 
of the latter are adopted, tlie relation sought to be estab- 
lished does not hold good. To give one instanco: 
hydrogen combines exactly with three times the quan- 
tity of oxygen that carbon takes up, and so from W el- 
ter’s theory the heat developed should bo three Limes 
greater when hydrogen is burned, than when an equal 
weight of pure carbon is subjected to the same process; 
but from the results of tho last-mentioned clicraists, 
tiie ratio is between one to four and one to five. This 
wide ditrercnce is only observable, however, with com- 
bustibles very dissimilar in their nature, for when they 
approach to identity in physical appearance, as wood, 
peat, and coal, the estimation of the oxygen taken uj> 
gives an average indication of the heating power of tlie 
substance, which, without being absolutely con*ect, will 
answer most purposes. 

Berthier has founded a system of analysis upon 
this theory, by which the oxygen is estimated, and 
therefrom the heating power of tho fuel deduced. It 
is easy and expeditious, and may, under the foregoing 
circumstances, be occasionally adopted, lie mixes a 
weighed portion of tho finely -powdered fuel wnth thirty 
to forty times its weight of oxide of lead — litharge — 
and introduces Uie compound into a fireclay crucible, 
pressing it gently, and covering the whole wuth a thick 
layer of tlie litharge. The crucible is then carefully 
closed, and placed on tlie fire, where it is gently heated 
till the whole of the carbon and hydrogen is burned. 
During this process, the mass, being semifluid, is con- 
siderably distended by the carbonic acid and water, 
resulting from the combination of the elements of the 
fuel with the oxygen of the metallic oxide ; towards 
the end of the operation, therefore, the fire should bo 
quickened, and as soon as the crucible has attained a 
bright redness, it should be taken out, and its bottom 
Struck gently against a stone or piece of iron, bo as to 
cause tile particles of reduced metal to accumulate and 
form a button. As soon as cold the crucible is broken, 


and the metal, coated wdth oxide of lead and slags from 
the ashes of the fuel, is abstracted. It is cleaned from 
the adhering impurities by a few blows of a hammer 
upon the anvil, and subsequent brushing, after which 
it is weighed. From the number thus found, tho 
oxygen required for the combustion of the fuel is calcu- 
lattid, since it is derived from the oxide of lead — a 
definite compound of equivalent proportions of lead 
and oxygen. When pure carbon is operated upon in 
tills way, it has been found that about thirty-four and 
a liulf times the weight of tho sample of metallic lead 
has boon obtained. This amount of metul stands in a 
definite relation to tlio oxygon entering into the com- 
bustion, and, consequently, according to the law pro- 
pounded, to tlio lieating power of the fuel also ; for, 
supposing a certain weight of metal to be produced, 
tlie following ratio will give the heating power of the 
fuel ; iianiely, as tho metal obtained when operating 
with pure charcoal is to that reduced by the substanco 
under experiment, so is tho number expressing tho 
units of heat of caibon to that of tlio fuel. For 
instance, tho weight of metal obtained with pure 
charcoal is 34'5 ; allowing that with tho subject of 
the experiment to be twenty; and taking Andrews’ 
delerminalion, or seven thousand nino hundred, to 
represent the heating power of the charcoal, while £c 
represents tlio imknown heating power of tho fuel; 
then, — 

34-5 : 20 : : 7900 : 

^ . 20 X 7900- 

Or, the heating power x = — = 4580 

ncarl 3 \ If in a substance of a complex nature, such 
as wood, peat, coal, cetera^ the hydrogen and oxygen 
are in such a ratio as to form water by tlieir combina- 
tion, it is evident tliat the average result of the lead 
assay will approximate to the truth; but where this 
is not the case, and a quantity of hydrogen is present 
without oxygen to combine with it, the accuracy of tho 
experiment is less to be depended on, because tho 
heating equivalent of the former element is taken os if 
it were carbon, whereas it is shown by the foregoing 
table to bo much higher. When great exactness is 
required, it is evident that tho heating power must be 
determined from the elementary analysis of the Bub- 
Btanco and the estimated calorific power of the consti- 
tuents. This may be done witli considerable accuracy, 
since it does not alter the amount of heat developed, 
whether the combustion be efiectod under tlio influence 
of a concentrated stream of oxygen gas, or in ordinary 
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air. The method of perfonniiig tJie calculation is very 
eimple. Supposing the elementary composition of the 
fuel examined to be as follows ; — 

Poroent. 


Carbon, . . < 
Hydrogen, 
Oxygen,. 
Aenee, • * « • 


8(v48 

3*04 

7*10 

3'38 


100-00 


it would be necessary to deduct from those numbers 
the oxygen, and the equivalent of hydrogen which 
combines with it, and to account as available for raising 
the temperature only the remaining hydrogen and car- 
bon. In the above analysis the equivalent of hydrogen 
which will unite with the oxygon of the substance, will 


7*10 

bo O' 8875, which, when deducted from 3*04, 

8 


leaves 2*1525 as the weight of hydrogen which goes 
to generate heat. According to Andrews’ numbers 
in tlie foregoing table, the units of heat wdiich this 

2 1525 ^ 

Wjould produce may bo expressed thus: ^ 


33808 =2 727*7, and in like manner the carbon may 
'80*48 

be valued, X 7900 = 6833-9 ; making together 

727*7 +‘6831*9 = 7559*6 as the heating power of the 
fuel.. In the saino way may the value of any other 
Ikiiid’of fuel bo found. 

Having the expression of the units of heat generated, 
it is easy to find the thermomotric temperature which 
it produces ; to do this, however, involves the necessity 
of* knowing tlio quantity of air required for consuming 
the matter, and likewise the specific heat of the 
products. It is well known that air is composed of 
seventy-seven parts of nitrogen and twenty-three of 
oxygen, of which constituents only the latter is avail- 
able in combustion. Having a knowledge of the pro- 
portionate quantity of ox^^gen required to burn the 
corabuBlible elements, the volume of air containing this 
proportion may be readily found. Thus, every part of 
carbon combines with 2*66 of oxyge n, which is yiejldcd 
by 11*59 of atmospheric air; upon similar grounds, the 
air required for the combustion of Jjydrogcn is 34*78 
parts. In both cases, the products are carbonic acid, 
water, and nitrogen, tlio weight of wliich may be 
ascertained from the data given. Now the heat pro- 
duced by the combinations of these distributes itself 
among the gases, so that they all indicate the same 
temperature, and wliich can be estimated, since the 
specilic heat of these bodies is known. The number 
tlius obtained, and wliicli represents the temperature 
of combustion, varies, however, with the nature of the 
fuel ; and still, owing, perhaps, to the specific heat of 
the gases at a high tcmpcratiu:c, the results should be 
viewed only as an approximation. 

As an example of the calculation of the pyrometrical 
heating power of a fuel, that already submitted may bo 
again taken. It has been shown that the absolute 
heating effect of this specimen is 7559*6 units of heat, 
and that 0*8875 of the hydrogen contained in it is 
taken up by the oxygen, leaving 2*1525 of tliat ele- 
ment to undergo combustion with extraneous oxygen. 
It has been likewise stated that 11*59 parts of atmo- 


splicric air are required for tlio complete combustion 
of one of carbon, and, upon the same grounds, that hy- 
drogen requires 34*78; hence the weight of air required 
to convert the carbon and hydrogen of the fuel into 
carbonic acid and water would be — 

11*69 X 86*48 = 1002*3 parts for the carbon, and 

34*78 X 2*1525 = 74*8 „ hydrogen ; 


making a total of 1077*1. 

1 rain theso 1 32 ( 3*5 parts of carbonic acid, 
aro produced J ^ ' 

19*37 „ water, and 

819*88 „ nitrogen, to which it 

® water, formed by the 

union of the oxygen of the fuel with a portion of its 
hydrogen; thus making a total of 27*37 =: 19*37 + 8*0 
parts of water. The specific heat of carbonic acid 
being 0 * 221 , the amount of caloric required to raise 
326*5 X 0*221= 62*16° 

27*37 X -847= 23*18° 
819*88 x 0-273 = 223*80° 


309*14 


326*5 parts 1 ® would be 
The specific heat of aque-) 
oils vapor is 0*847; hence,) 
the coefficient for nitro-) 
gen is 0*273 ; therefore, ) 


This number expresses tlie total amount of heat carried 
off by the products of the combustion of one hundred 
parts of the fuel ; hence, 


7559*6 -r 


309*14 7559*6 X 100 


100 


309 14 


: 2445*3; 


which number represents the thcrmomctrical heating 
effect of one part. In this calculation the specific heat 
of the ash has not been taken into account; but the 
quantity of caloric lost in this way is so insignificant, 
that the results are but very slightly affected by it. 

Pursuing the same course, the pyrometrical heating 
effect of any otlier kind of fuel or combustible, however 
numerous its ingredients, may be ascertained; that is, 
by finding tlie absolute heating power by the formula 
already given for the piiri)osc, and dividijig it by the 
sum of the specific heat of the products multiplied by 
their total weight, the quotient will be the available 
heat for any particular work when the fuel is burned. 

It may here be remarked, that when a fuel is con- 
sumed in oxygon gas, the pyrometrical effect is much 
greater than when the corahiistion takes place in ordi- 
nary air, although the units of heat arc the same in 
both cases. The difference of eflect arises from tho 
fact, that the nitrogen of the air passing through the 
fire in considerable quantities, renders latent a large 
amount of heat — tlie difference between the indication 
in oxygon and air, 

Tho following table shov/s the heating effect of a few 
combustibles, as well when burned in oxygen gas as in 
air, calculated according to Uie above formula: — 

PyronrKtirioal HoaUng p 0 W<ir, 

t \ 

N.ni. Sjmbol. 1.0,yK«n, 

Carbon, C 9753“ 2450“ 

Carbide of hydrogen , C H 4944 2280 

Ether, C 4 0 4036 2070 

Light carbide of hydrogen,. C .4703 2273 

Alcohol, C 4 llji 0, H 0..8407 1870 

Hydrogen, U 3491 2248 


i 
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It may likewise be inferred from these results — cal- 
culated from the absolute heating power of carbon and 
hydrogen found by Anpuews, and from the spocilic 
heats of the products according to Favue and Selber- 
MANN — ^that hydrogen, which afibrds higher numerical 
results than any oUier combustible, as expressive of the 
absolute heating power, is among the worst kinds of 
fuel for producing a pyrometrical effect ; and that car- 
bon ranks far above it in this particular. The difference 
is slightly enhanced, however, in favor of carbon, by 
the circumstance that this element must attain a red 
heat before combustion occurs. Tbe reason of this 
apparent anomaly with reference not only to hydrogen, 
but to all inflammable fuels, whether gaseous or fluid, 
may bo traced to the circumstance, that the specific 
heat of carbonic acid is nearly two and a half times 
less than that of the weight of water generated by an 
equivalent of hydrogen — ^being only 0*221 — whilst that 
of aqueous vapor is 0*847. The same remark equally 
applies to solid fuels containing inflammable matters, 
such as oils or gases ; and hence the advanhige of the 
preliminary chan'ing given to wood, peat, and coal, by 
which the relative amount of carbon is increased in tlie 
substance. 

In these calculations, reference is made only to tlie 
heating effect upon water; but in many applications of 
fuel, where a higher temperature is required than that 
of boiling water, as in metallurgical operations, et cHera, 
the pyrometrical effect of a combustible containing 
much hydrogen is considerably less than appears from 
the results stated, in consequence of the water which 
arises from the combustion of tho hydrogen being in 
the one case dispersed in steam, whereas it is not so 
in tho other. Now the quantity of caloric necessary 
to evaporate one part of water at 212”, is calculated 


from the latent heat of steam to be such as would raise 
five and a half parts of this liquid from 32® to 212®. All 
this is estimated in the calorimetxical experiments made 
for the determination of the absolute and therroometric 
heating power of tho fuels mentioned in the preceding 
table, and, consequently, tho results are much higher 
than would be indicated by the temperature in the 
furnace. It is most probable tliat the capacity of 
other gases for heat increases with the temperature, 
and if so, the discrepancy would be still greater. As- 
suming, however, that the specific heat of tho otlier 
products of combustion remains the same at all tem- 
peratures, and that tho water only removes tho ex- 
cess, the formula for correcting the results is simple 
and easy of application. Thus, all that is necessary is 
to multiply the entire amount of water resulting from 
the fuel, whether it be hygroscopic, or produced by tho 
elements contained in it, or by the combustion of tho 
hydrogen with atmospheric oxygen, by 650= 100 X 3*5, 
and the product subtracted from tho number found in 
the preceding will give the pyrometrical effect. 

In the following table, taken from SciiEEBElj^S Me- 
tallurgies tho results are rectified in tins way, and, con- 
sequently, they afford a very good approximation to 
tho practical lioatiug effects of tho substances men- 
tioned. The numbers in the column of absolute heat- 
ing eflect are estiiiiatod with reference to the boating 
effect of carbon, which is taken as unity. Dulong’s 
determination of the heating power of hydrogen, car- 
borric oxide, carbide of hydrogen, and olefiant gas, has ' 
been taken as the standard in these caloulations. The 
numbers in the column showing the pyrometrical heat- 
ing power, are expressed in degrees of tho Centigrade 
thermometer : — 


WOOD. 

Air-dried wood, with twenty per cent, of Jiygroscopic moisture, 
Kiln-dried “ tt‘n “ “ 

Kiln-dried wood, without hygroscopic moisture, 

White beech, air-driod, 

Oak, 

Oak, 

Ash, 


Maple, birch, bird-cbcrry, 

Ilea beech, horse chestnut, elm, whiie-thoni, . 

Scotcli fir, alder, 

Sallow, 

Willow, 

Spnice fir, silver fir, larch, 

Lime, aspen, 

Black poplar, Italian poplar, 


Abwiliite 

SiKtciUa. 

ryroiitotrloA,!. 

0-36 

... - -r- 

.... 1575 

0-41 

.... 

*.... 1675 

0-47 

.... 

1750 

— 

.... 0*‘28 

.... — 

— 

....' 0*26 

.... — 

— 

.... 0-25 

.... — 

— 

.... 0-24 

.... — 

— 

.... 0*23 

.... — 

— 

.... 0-21 

.... — - 

— 

.... 0*20 

).. .. — 

— 

.... 0-VJ 

.... — 

— 

.... 0-18 

.... — 

— 

.... 0*17 


— 

.... 010 

.... — - 

— 

.... 0*14 

.... — 


Ti;Ul'-PKAT. 

Imperfectly air-dried tnrf, with thirty per cent, of hygroscopic moisture and ten perl 

cent, of a^, ) 

Best air-dried turf, with twenty-five per cent, of moisture and no ash, 

Kiln-dried turf, with no moisture and fifteen per cent, of ash, 

Best kiln-dried turf, without moisture and ash, 


TJGNITE.— DROWN COAT- 

Air-dried fibrous lignite, with twenty per cent, moisture and no ash, 

*♦ “ “ “ and ten per cent, of ash, . . . 

“ earthy “ ** “ aud no ash, 

** M “ and ton per cent, of ash,... . 

Air-dried lignite, conchoidal fracture, with Iw'enty per cent, moisture and no ash,.. . . 
“ “ “ anti ten per cent, ash, 

Kiln-dried fibrous lignite, with twenty per cent, moisture ond^o ash, 

The same, with twenty per cent, of moisture and ten per cent, of ash, 

Kiln-dried earthy lignite, with twenty per cent, of moisture and no ash, ........ 

The same, with twenty per cent, of moisture and ten per cent, of ash, 

Klln*dsied conchoidal lignite, with twenty per cent, moisture and no ash, 

The sazUe, with twenty per cent, of moisture and ten per cent, of ash, 


-0-37 

.... — 


1575 

0*47 

. , , . 


1760 

0*55 

.... — 


1975 

0*65 

.... — 


2000 

0*48 

.... 0*55 


1800 

0*43 

.... — 


—> 

0-61 

.... 0*79 


1975 

0*56 

.... — 


— 

0*69 

.... 0*83 


2050 

0*62 

.... — 



0*01 

.... — 


2025 

0*55 

.... 

« ■ • B 

..... 

0*76 

.... — 

• • e • 

2125 

0*09 

.... — 

• • • • 



0*85 

.... — 

• • • • 

2200 

0*76 


• e • • 
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Sand coal, 
Biuter, . . . 
Oaking,.. . 
Anthracite,. J 


O^^g * * J-wilh five per cent* of moisture and five per cent, of ash, . 


WOOD CHA.RCOAL. 


Pertectly dried black charcoal, with three per cent, of ash, 

Air dried red charcoal, with ten per cent, moisture and one and a-half per cent, ash, 


Birch, 

Ash, wild aervioe, 

Bod beech, white beech, dm, 

Bed fir, 

Maple, 

Oak, pear tree, 

Alder, 

Lime, 


no moisture, and three x>er cent, of ash, . 


PEAT CHARCOAL. 


Best 


five 


Ihice i)er cent. 


Band coal coke, ^ 
Sinter cool “ > 

Caking, « «* ) 


Gases |rom coke, 

' ' coal, 4 


no moisture and five per cent, of ash, 

OASKOUfl OOMllUaTIBLES.— rUHNACl-: GAHEH. 

larcoal, A, 

li, 


OEMOU M'lnt GASES. 


Gas from turf, , 


/“ 

AbMlnto. 

, , ■ , A. . 

8i>edilo. 

PTioautrioiL 


f 0-79 

... 1*06 

.... 2200 


0-89 

4,4 1-16 

.... 2250 

' 

0*93 

... 1*17 

.... 2300 


Lo-96 

... 1-44 

.... 2360 

1, 0-97 


.... 2450 

0-84 

... — 

.... 2350 

. 0'72 

... — 

.... 2200 

. 0-G4 

... — 

.... 2100 


r — 

. . . 0*20 

.... — 



... 0-19 

. . 4 • — 


— 

. . . 0-18 

.... 




... 0*17 

.... 




. 4 . 0*18 

.... 




... 0*15 

.... 




. . . 0-13 

.... 


— 

... 0*10 

.... — 

x1 

>0-85 . 

. .. — 

.... 2050 

• 

0*83 

... — 

.... 2850 

. 0-84 


.... 2360 

. 0-92 

— 

.... 2400 

. 0*97 

— 

.... 2450 

( — 

. . . 0-40 

.... — 

- 

. . . 0-41 

4 4 . . •— 

(- 

. . . 0-33 

.... — 

0-108 

. . . 0-000140 

.... 1675 

O-OHO 

. . . 0-000104 

.... 1450 

0-107 

. . . 0-000139 

.... 1750 

0-205 

. . . 0-000267 

.... 1850 

0-115 

. . . 0-000150 

.... 1775 

o-i:jg 

. . . 0-000177 

.... 1850 

0-124 

. . . O-UOOIGI 

.... 1.576 

0-092 

. . . 0-000120 

.... 1525 

0-1 10 

. . . 0-000143 

.... 1775 


It is assumed that the wliolo of the comlmstiblcs 
named in this tabic are consumed, but in practice this 
never haiipens; hence, the heating cfl'ccts given are 
higher than would he found to result when perfonning 
actual service; further, it Is taken fur granted that the 
combustion takes ]>lace in the shortest possible period 
of time, and that whilst it lasts, an equal amount of 
caloric is evolved each instant, a condition never ful- 
filled in the furnace. The disciepancy produced by 
both these sources of error, between the jiractical 
results and theoretical calculations, is to soiiie extent 


counteracted by the liigh temperature required to com- 
mence the combustion. 

Having alluded to tlic process published by Bcii- 
TiHER for the dotermiiiation of the heating power of a 
fuel, the following tables ai*o submitted as the results 
of his investigation ; and although it wdll appear from 
what has bocii said in reference to Welter’s tlieory, 
that these results, from being founded upon it, arc 
not quite correct, yet they may be useful os a close 
approximation to the pyromctric values of the sub- 
stances mentioned : — 


I.— WOOD. 


ByxfditiH ol Wood 

Dil.tl 

in tli« oriliiiiiijr maniiur 
JiirlliitT 

('ont.i{iiliuj 

ulnti pci Cl lit ol wutui. 
Wliiklrr. 

I’cifcclly dried 
gdiudlcr luid X'vUmun 

Poiiiul« of 

l>;^ (J 1 IL pound 
ul wood. 

rounds of 
WMtl'l \\IllO)l 
out* ))Oiuid 1 nil 
hoHl llUtll 

aj*to 2i.;» 

rouiidu of 
loud ludui'od 
iiy Olio pound 
ui wood 

Poll n da of 
Wilier Iiiiitoil 
ft-orii MJ'’ to 
21‘J“ l»\ one 
jHnuid of 

V, OOll 

roiiiidii Ol 
o\y;ivn 
requuTd tor 
the eoniplolo 
roinbiiFiUfin of 
one pound ol 
WOOll. 

Pound* of 
ivutci 

itiMii a.'" to 
by one 
pound. 

Air at <16® Fahr, rctpilroil to 
coiMUtiUi oiiD pound ol wood. 

in poundn. lu C. F. 

UeBftlan. 

Ouk,. 

12-5 

28-3 

14-05 

31-82 

1-358 

39-82 

6-83 

151-4 

Ash, 

— 

— 

14-96 

33-89 

1-356 

39-76 

5-S2 

151-2 

Sycamore, 

13-1 

29-7 

14-16 

32-07 

1*391 

40-85 

5-98 

148-4 

Beech, 

13-7 

.31-0 

14-00 

31-71 

1-346 

39-44 

5-78 

152-9 

Birch, 

14-0 

31-7 

14-08 

31-90 

l-3:.6 

99-73 

6-82 

153-0 

Elm, 

— 

— 

14-50 

32-84 

1-418 

41-55 

6*08 

161*1 

roj)lHr, 

— 

— 

13-04 

29-54 

1-390 

40-72 

5-96 

157-9 

Ijimc-lroe, 

— 

— 

14-48 

,32-80 

1*429 

41-87 

C-13 

162-8 

Willow, 





13*10 

29-67 

1-352 

39-61 

5-80 

153*6 

Fir 

14-5 

3-2-8 

13-86 

31 -39 

1*408 

41-25 

C-04 

160-0 

I’luc, 

13-7 

31-0 

13-88 

31-44 

1-392 1 

40-82 

5-98 

158*2 

Scotch fir, 

— 

— 

13-27 

30*06 

1-393 1 

40-85 

6-U8 

158-3 

Hornbeam, 

12-5 

2M-3 

— 

— 

— 

— 

— 

—1 

Alder, 

13-7 

31-0 

— 

— 

I 

— 

«... 

— • 

iwircby 

— 




1-408 1 

41*25 

6U4 

160-0 

. i 
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1 Berthlor. | 

WinkUr. 

Bpodas of Charcoal. 

Ponnds of lead 
rediicod by 

Olio pound of 
charoooL 

PouiidA of water 
boated fToin 

3;!" to ::U" by 
one pound of 
ohurcofO. 

Pounds of lead 
rod nerd by 
ouo |.N*un(l of 
ohaifHiol. 

Pounds of WAtor 
heated irom Air required 

Sr to by fmrfbct 

one pound of oombusHoB. 

charcoal 


Commercial. 


Enclosed in bottles 
immediately after 
being made. 


Poplar charcoal, . 
Sycamore “ 

Ash, 

Aspen, 

Fir 

Alder, 

Birch, 

Oak, 

Beech, 

Elm, 

Lime-tree, 

Willow, 

Piiio, 

Scotch lir, 


Pnmicl!i of 
of (KiUl. 

Peat from Troyes, 8*0 . . 

“ Ham, de la Somnie,... , 12*3 . , 

“ Passy, ddp. de la Marne 13*0 . . 

“ Framout, (Mp. de la Vosges, 1.0*4 .. 

“ larhoiix, ddp. Jjjindes, 1.')’3 

“ Konigsbrunu, Wiileiriberg,.. 14-3 

Among twenty-four sorts from Hart/. ) . 

Mountain, the worst gave / 

The best gave 18*8 .. 

From Allen in Ireland. 

Upper peat, 27-7 .. 

Lower peat, . . 

Proased peat, 13-7 . , 

IV. — PEAT CUAllCOAL. 

PoandB of 

by or,i. iwund 
of CjllUCOHl. 

Crony suT POurr/j, depart,. Seine ci\ - 

Mame, j ‘ " 

Seine et flam, 18-4 

Ksaone, much used in Puri^, 22-4 . . 

Frumont, and peat from Champ do Fiic, 20*0 . . 


V. — BROWN COAL. 


PonnrlM of 
lend 

by on*) pouiiU 

ol COIll. 


Gemiende Haiijihin, Basses Alpes, . . , . 2.'')*.' 
Ht. Marlin de Vuud, Canton de Vuud... 22*( 

Miiicrme, department de I’Ande, 22*? 

Uardarme, Bunches du Blidnc, 22-( 

Fiiveair, 21 *< 

Enfant Dort, 2 1 •( 

Koop Fuarch, lake of Zuiich, 2t)*'l 

St. Lon, Basses Pyrenees, 20\ 

Vol. Pineau, dep. Sarthe, ll>-‘ 

Common German, IH*-; 

Edon, ddp. de la Chartnte, 17'( 

Alpheus, Greece 16*; 

Triphilis, “ 16-: 

Kurn, “ IfW 

Elbogen, Bohemia 18*J 

Brown coal from Meissner, 20*1 

Pitch coal “ 15'S 

“ Itingkulh, 16*J 

“ Ilabichtswald, 1C*( 

Glance coal from Ringkuhl, 19*; 

Pitch coal from Habichtswald, 19'( 

Ivowest Htratum, Ringkuhl, 19‘< 

Middle stratum, 10*( 

Stillbcrger coal, 14* J 

Lignite from Meissner, M*"; 

** Laubanch, 17*i 


PoUtKlH of 
WHtcr hoHtvd 
Jnnii S-" to 
m.*' bv one 
jK?und of 

.. 18-n 

.. 27*9 w 

. . 29*2 

. . 34*9 g 

.. 31*6 


G2-7 

.■".b-t; g 

28*0 « 


Pounds of 
v\(tlMr lientfd 
IriMii JJ.;*’ 1(» 
by one pmuid 
ol (.hill coni 


41.7 y d 

r>i)-7 o' 
- . . ' >-1 


fjotunl of COIll 

. r.7*3 

. hi *2 

. hi -6 

. 49-8 

. 47*6 

. 47*6 

. 46-9 2 

. 46*0 c 

. 43*0 « 

. 41 7 " 

. 3H*h 

. 36*9 

. 36*9 

. 38*8 

41*2 
. h8*9' 

. 46*6 

. 49*5 

. 46*9 . 

. 66*h ? 

. 43*6 y H 

. 43*6 S 

. 43*9 r 

. 41*3 

. 43*1 

. 51*3, 


Ponudn of 

1 rwlucod 

by one fHimid 
of coal 

Earthy coal from Dax, 21*38 .. 

“ “ Boiiches du Rhone, . . 18*89 . . 

“ Lowei Alps, 16*69 .. 

“ Greece, 17*84 .. 

“ “ Cologne,....; 18*24 .. 

“ “ Usiiach, 15*90 .. 

Helmsladt, Pritii Wilhelm’s mine, 20*17 .. 

“ other mines, 21,*8;'t .. 

Sehdiiiiigen, Gr. Irene, .'.... 18*76 .. 

“ other mines, 18*60 .. 

VI,— MINERAL COAL 

Poiindv of 

IxKallty .„d .1 CmL 

of aosl. 

CAKING COAL. 

Coni fiom Do>\Uis, Wales, 31*8 .. 

Glaiiioigan, 31*2 

Eschwiller, near Aix-ht-Cljapelle, 31*0 

Lii>i)e-yohaumburg, .30*9 . . 

Nevveustle, 130 9 .. 

Canneuu, near All»v, 10*1 . . 

Rivc-de-Oier, Grand Cn'ix, 29*6 .. 

Moiis, Boil lean Fontaine Madame 20*0 .. 

Canal coal, Wigan, 28*3 ., 

Mons, Grand-Giiillet, 28’1 

Roehehelle, near Aluis, 27 6 . . 

Boiiehamp, Uaule Suonc, 27*3 

Besshges, Ateyrou, 27*0 .. 

St. Pierrt' la Conr, near Meyenne, .... 27*0 . . 

Epinac, Saone and Loire, 26*8 .. 

From Oviedo in Asturia, 26*1 

Fieuil mine, near St. Etienne, 2,3*4 . . 

Ihdlestat, Autie — called jet, 24*4 

Jet — locality unknown, 23*3 .. 

SINTER COAL. 

Cherry coal, Dorhyshiro, 27*2 .. 

Soft coal, 26*3 . . 

Oviedo in Asturia, 26*1 .. 

Cannel coal from Glasgow, 24*9 .. 

St. George’s de Lavencas, Aveynm,... 24*0 .. 

Cannel coal from Idinca^'liiic, 23*5 . . 

Ombrowa, Silesia, 21*2 .. 

Salin, Jura, 21*0 . 

Yagas, Slavonia, 19*4 . . 

8ANi> COAL. 

Durham, 31*6 .. 

Rolduck, near Aix-la-ChapcUo, 81*0 .. 

ZiiiBWeycr, near Odenberg, 22*2 . . 


Pouuiln of 
wiil;irr bertliHl 
from aa-io 
by OQ« iiouitd 
oTnoal. 

. . 62*6 ’ 

. . 5h*3 W 

.. 48*9 I ^ 

. . 52*.3 f S 
. . h3*4 gr 

.. 46*6 J 

59'n e 
. . 63*9 I i 
.. 54*9 f I 

.. M-5j| 

PoontlH of 
water iii>at«>d 
trutii lO** to 
'J 1 2° by oi«i 
pound of o'#a1. 


31*8 


72*0 

31*2 


70*7 

31*0 


70*2 

.30*9 


7{)*() 

HO 9 


7()-() 

3(i*l 


68*2 

29*6 


67*0 

20*0 


Gh-7 

28*3 


64*1 

28 1 


63*6 

27 6 


62 -h 

27*3 


61*8 

27*0 


61*1 

27*0 


61*1 

26*8 


60*7 

26*1 


59*1 

2,5*4 


57‘h 

24*4 


hh'2 

23*3 


52*8 

27*2 


61 *6 

26*3 


.59*5 

26*1 


59*1 

24*9 


66*4 

24*0 


64*5 

23*5 


53*2 

21*2 


48*0 

21*0 


47*5 

19*4 


43*9 

31*6 


71*6 

81*0 


70*2 

22*2 


50*3 


Species of Coke. 


Pound! of 
lend roduood 
by one f>nund 
ofooke. 


A la GaiTG, from coal of St. Etienne,.. 28*5 

From coal of Besshges, 28*4 

“ Rive-de-Gier, 26*0 

Qas coke from Pans, 22*0 


Ponnd! of 
water hnuiud 
frotn Am* to 
Kl^o by ono 
pound of coke. 

. . 65*6 I W 

.. 64*3 § 

.. 68*9 'e; 

.. 60-3 % 
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Potutdn of 

)oHd rtidiiwl 
ou«> poiuid 
ot'nnUtriwlto. 


Poiuxls of 
wator tiCMlud 
from 8'^" to 
2] If* by one tKtuiid 
of anilurautu. 


Anthracite, from Lamure, near Gre- 

[■31*6 .. 

.. 71*5 

Anthracite from Putin 8>lvama, 

' 30*5 . . 

. . 69*1 

T aval i Chauniihre, 

From Ijavai,-< jjj Baconihre 

33-0 . . 

20*6 . . 

. , 74‘7 

. . 60*2 

“ Oorbatudre in Savoy, 

26*7 . . 

. . 60*5 


The numbers cited iu some of the preceding tables, 
as indicating tlie heating power of mariy kinds of fuel, 
appear at first sight contradictory to tlio known results 
olftained with such materials in the furnace. Thus 
considerably more licat is produced, judging from the 
work performed, when hard woods are burned than 
with tJio softer varieties; but numbers stated in the 
tables assign the gi'Cator heating power to the softer 
woods. SciidDLER and Pkteuben account for this 
a{)parent inconsistency by the dificrenco in the amount 
of hydrogen producing unequal intensity of coinbiistion 
in ttie two cases. They show that whilst woody fibre 
contains oxygen and hydrogen in the proportion in 
which they unite in water — that is, in the ratio of eight 
to one — all woods have the^diydrogoii in greater or 
less excess of the oxygen, and this excess acting at the 
temperature of combustion upon the carbon of tlie 
substance, lu-odiiccs a quantity of hydrocarbon gases, 
which arc rapidly consumed. The residuary charcoal 
becomes in this case more porous, and, therefore, pre- 
sents a larger surface to the oxygen of the air; tiio con- 
seqiionco of which is, that it is much more speedily 
consumed than if it r(‘mained a dense compact body. 
Hard woods have less hydrogen than the soft ones, and 
this fact accounts for the diircrencc in the amount of 
heat produced. The annexed table gives the excess in 
one tliousaud parts after tho oxygen has been assimi- 
lated : — 

Excess oriiydrogea 


Ash, 5*05 

0;ik-wo(uh 5*08 

Ih'fsch’Wotxl, 0*50 

Willow, 7*00 

Birch, 7-50 

ScoU'ji fir, 7*70 

rojfiiir-wood, 8-‘J0 

Mtiplo «*:io 

Pine-wood, 8*S0 

Deal, 9-r>0 

Elm, 10-00 

Limo-wood, 13*00 


In tho other tables above given, it will be soon that 
the highest place is assigned to lime- wood in point of 
heating power; but, in practical application, the oak 
produces a hotter result. The dificrenco of tho time 
required for the combustion of the two accounts for the 
inequality. In Uie case of lime-wood, a considcrahlo 
quantity of its carbon is taken up by tho largo excess 
of hydrogen, and is given off in tho shape of inflam- 
mable gas, which presenLs an extended surface to tho 
oxygen, and is consequently speedily consumed; tho 
rosiduaiy charcoal burns rapidly on account of its 
porous nature, arising from the evolution of tho particles 
of hydrogen and carbon. Now, oak-wood not having 
BO large a per centago of hydrogen to react upon its 
carbon, of course a greater weight of tho latter remains, 
and this being denser than in tlie case of lime* wood, a 
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less surface is undergoing combustion in the fire, and a 
longer time will be occupied in its burning. It rarely 
happens that the arrangements for the application of 
caloric in the arts are of such a nature as to allow of 
the entire economization of the heat produced, more 
especially when it is developed intensely and in a short 
space of time ; hence, when soft woods are employed 
as fuel, there is a considerable amount of heat lost, by 
which the working effect is lesscmod. On the contrary, 
with woods which burn slowly, the loss is not so great, 
8iu(^e it is nearly wholly absorbed in proportion as it is 
developed by the combustion. The same remark ap- 
plies to coals; and this is the reason wh}^ particular 
kinds are employed for steam-generating purposes, for 
glass and porcelain works, et cetera; but although 
there appears a very great difference arising from this 
cause, yet it does not follow that the p5Tometric effect 
of tho one is less than that of tho other. If, for in- 
stance, two equal weights of oak-wood be consumed — 
one in the form of chips or shavings, and the other in 
a compact mass — it will be seen that the former will 
burn in a much shorter period than tlie latter, and tliat 
the practical heating efiect produced by the one will bo 
much less than by tho other. It is evident that tlie 
pyrometric heat is the same in both, only that the 
evolution of caloric from the divided portion is so rapid 
as to cause the dissipation of a largo part of it. Where 
a high temperature is necessary, it is evident that a fuel 
capable of giving off its caloric in a comparatively short 
space of time is required; and hence the preference 
given 10 soft wood, or finely cleft hard wood, in the 
glass furnace and porcelain kiln. The facility which 
minute division affords for rapidity of combustion has, 
however, its limit, which, when exceeded, instead of 
expediting, retards, and when carried to extremes, 
actually arrests combustion entirely, as may be ob- 
served with coal, coke, wood, and peat charcoal, when 
crushed to a powder. In Ibis case tlio air has no 
access to the combustible except at the surface, so tliiit 
the area of contact is very limited when compared to the 
bulk, and, consequently, ignition is arrested. When it 
Iiapjiens that fuel in this minutely divided stale is the 
only kind available, tho combustion is assisted by piling 
blocks of limestone, sajidstone, or other material upon 
the grate, and placing the fuel — such as sawdust, slack, 
brees, et cckra — upon them, in which case tlie currents, 
ascending through tho interstices, sujiply the requisite 
oxygen to the fuel. If the gi*ato does not admit of tin’s 
arrangement, the finely-divided combustible is con- 
verted into a valuable compact fuel by Wending it with 
tar, pitch, or some such binding material, as described 
under Patent Fuels. 

In conse(iucnco of the defective furnace arrangements 
in most maiuifiicturing establishments, the quantity of 
heat absorbed and utilized bears, in general, no definite 
relation to the quantity produced, without taking into 
account the proportion of tho fuel, which is either not 
at all, or only partially burned. The loss from these 
two causes alone has been estimated to be equivalent 
to the one -half of tho coals consumed under the imper- 
fect systems generally followed. Of late years cou- 
siderable attention has been directed to discover some 
means whereby tho cause of the first loss might be 

jp 
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removed by aa improved construction of the furnaces 
or fire*plac6S, with a view to their better retention of 
the heat,, and marked benefits have arisen to many 
branches of trade, but more especially to those making 
extensive use of steam, from the various investigations 
instituted. Although the waste of caloric from both 
the causes mentioned — ^namely, Hie non -retention of 
the heat and the imperfect combustion of H material 
— ^is very great; yet a considerable waste of fuel is 
occasioned by other circumstances which attend ordi- 
nary combustion, and which require investigation as 
much as the others. To cuter into a minute discussion 
of all these would be tedious; but a short examina- 
tion of the principal ones will be necessary, to point 
out the sources of the difference between the calculated 
value of fuel in heating power, estimated from experi- 
ments controlled in such a way as is not possible when 
the materials are burned in the ordinary furnace or 
grate, and that which results in practical operation. 

In the first place, it will be evident that the mere 
maintahiing of a fuel in a slate of combustion, whether 
in a grate or furnace, involves, and is dependent upon, 
a certain loss of caloric, as well latent as sensible, 
in tlie production and expansion of the gases result- 
ing from the change, whereby they ascend from the 
substance and admit the fresh air to keej) up the 
chemical action. It is wtdl known that, under tlic 
provision made for burning fuel of any description, tlie 
air which is admitted must always bo gi’eater than tlni 
amount which theory assigns as sufficient, otherwise 
the combustion would be imi^crfect, and a heavy loss 
sustained. Admitting, however, that no more than is 
absolutely necessary passes through the firc^, it will be, 
seen, on reflection, that still a great amount of h(‘at is 
rendered useless by the draught in the cliininey. From 
the tables already given, it a})pear8 that for the com- 
plete combustion of one pound of dry wood an average 
of 5'94, or in whole? numbers, six pounds weight of air 
at 32 * — equal one hundred and forty-eiglit cubic feet 
— are required. Admitting that this volume of gauseous 
matter passes off' from the fire to the chimney at a 
temperature of SOO"*, the whole heat lost will be 
1620° — (6 X ‘^70) — or as much as is equivalent to 
raise niiie pounds from 32° to 212°, and, therefore, as 
would effect an equal inci(;ase of temperature in 2*4 
pounds of water. Sciibniain and Petersen have 
shown that one pound of dry wood raises 40'6 pounds 
of wAer from 32° to 212° ; hence tlie loss sustained, 
in consequence of the heat which is carried into the 
2-4 

chimney, is — g = *06, or six per cent. It seldom 

happens, however, that the temperature of the esca])iTJg 
gases is so low as that assumed in this instance; and 
where their heat is greater, of course, the loss will bo 
proportionally increased; and Uie same effect will fol- 
low when the quantity of air passing through tlu* fur- 
nace is greater than tho theoretical amount. 

Another cause of the reduction of tho heat, and the 
prevention of a due effect restdling from combustion in 
the furnace, is the water which is usually present in 
fuels in greater or less abundance. The loss suffered 
from this alone is twofold: firstly, inasmuch as the 
amount of real combustible is diminished by it, whe- 


ther it be large or small; and, secondly, because by its 
conversion into steam, in which state it passes off' with 
the products of combustion, it unites with a lai^ 
amount of caloric, which becomes latent. 

When tho proportion of water is appreciable, the 
quantity of caloric which is given off is very great. 
Wood, for instance, contains, after being dried in air, 
about one-fifth of its weight of moisture, so that when 
employed in this state as a fuel, only four-fifths of Hie 
weight taken is capable of generating heat. Supposing 
that 40’ G pounds of water are heated from 32° to 212° 
by one pound of wood perfectly free from moisture, it 
is evident that only 32 ‘5 pounds would bo brought to 
the same degree by the available fuel in the pound of 
common air-dried wood. Further, the onc-fifHi of 
moisture is expelled in steam, and this takes up as 
much caloric as would bring 5*5 pounds of water from 
the freezing to the boiling point. Founding a calcula- 
tion upon this fact, tho one -fifth of a pound of water 
present would assimilate as much heat as would raise 
1*1 i)ouiid of water to the boiling point. By adding 
both, the totiil loss will be 9*2— 8*1 -f 1*1 — or 22;5 
per cent, less than if dry wood were employed. 
This example shows, in a striking manner, the great 
advantages whi(di the crayjloymerit of wood, peat, lig- 
nite, or such fuel as is liable to be more or less satu- 
rated with hygroscopic matter affords, when they aref 
thoroughly exsiccated, over tho same when containing 
ten, fifteen, or twenty per cent, of moisture. Where 
wood is much cini)loycd, care is taken to submit it to a 
preliminary drying operation, so that its combustion 
may be rapid, and that the loss described may be 
a\ oided. 

It may be remarked, liowever, that water does not, 
under all circumstances, diminish the calorific effect of 
a fuel ; but on the contrary, when judiciously managed, 
adds to it in a high degree. Bln^en and Fyfe have 
shown that aqueous vapor passed over incandescent 
fuel suffers decomposition ; its oxygen is abstracted by 
the highly heated carhon, and carbonic oxide results, 
wljile tho hydrogen passes off partly uncombined, and 
partly associated as carbide of hydrogen. These three 
])n)dHcts in the presence of siifiicient oxygen, and the 
high teinpeiauire of the furnace, are capable of under- 
going further combustion, and yield a large amount 
of licat by being converted into carbonic acid and 
water. In nmnoroiis experiments it was shown that 
the caloric developed in this manner, more than com- 
jxjnsated for the fuel employed in producing the gases. 
Tho apjdication of acpicous vapor, however, demands 
caution; for when used in too great an excess, it 
rciduees, rather than increases the temperature of the 
fire. Its effect is to diminisli the heat, unless used 
sparingly, and witli a free admission of air to promote 
tho combustion of the inflammable gases. 

Tho method in which water is utilized for raising 
the temperature, is to place a vessel of this liquid 
beneath the bars, so that tho heat radiated downwards 
may have the effect of producing the steam without 
further trouble; where steam-engines are employed, a 
jet of the waste vapor is allowed to issue under the fur- 
nace. A mistaken inference from this fact leads many 
to moisten the coals before throwing them on the fire, 
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wi1& a view to the increase of the heat; but that the 
contraiy effect is produced, is evident from what has 
been already detailed ; the water in this case serves 
only to slacken the combustion, and render a consider* 
able amount of heat latent It is the practice, espe- 
cially, to moisten small coals and slack; when it is 
required to hum them on the furnace bars, and in 
this case the loss in heat from the presence of the water 
may to a certain extent be coraponsated by the advan- 
tage of tlie adhesion produced between the particles of 
the fuel, whereby it is prevented from falling into the 
ash or stoke-hole. Clay, plaster, or bituminous sub- 
stances/ would servo bettor. 

Pesides the loss of caloric which results from the 
gases or products of combustion passing in a super- 
heated state into the chimney, as well as from the pre- 
sence of an excess of moisture, there is another source 
of loss which is of far greater importance, and which is 
much more generally felt. It is necessary for keeping 
up the ignition that the column of air in the chimney 
be expanded by heat, and thus rendered specilically 
lighter tlian the surrounding atmosphere, to produce a 
conateiit current through the fire. The moisture in a 
fuel may be removed by a pieliminary desiccation, the 
extent of the heat-absorbing surface may, under certain 
circumstances, be augmented, so as to arrest and euono- 
miae a large amount of caloric which might otherwise be 
lost; but to effect a complete combustion of the fuel, with 
tho least possible volume of air, demands a thorough 
knowledge of the scientific principles involved in this 
change, as well as of the pre/ducta resulting therefrom, 
together with the strictest attention on llie part of tho 
stoker. It is evident tliat a definite relation must 
exist between the weight of combustible elements in a 
fuel, and the oxygen which is required to convert these 
into carbonic acid and water, and that to effect the 
latter change within the limits of this relation requires 
the most favorjdde circumsUinccs, such as properly ar- 
ranged funiaces, the adjustment of the fuel and draught 
of air passing through the tire, with skill and constant 
attention on the part of the fireman. 

In a grate of any given dimensions, and burning a 
given weight of fuel in a determinate period, the quan- 
tity of air to be supidiod can be easily deduced with 
the aid of known experimental results, as well as frt/m 
theoretical calculations. Thus, according to the deter- 
minations and •analyses rpiotcd at page 112, one pound 
of peat requires for complete combustion from seventy 
to one hundred and thirty-four cubic feet of air at CG’2”; 
medium kinds of this fuel, one himdred and forty-nine 
cubic feet; one pound of peat charcoal requires one 
hundred and lifty-five to two hundred and twenty-eight 
cubic feet; one pound of brown coal, according to the 
lead test, one hundred and thirty-nine to two hundred 
and twenty-two cubic feet, and by analysis, one hun- 
dred and sixty to two hundred and forty-eight; one 
pound of coal requires, by the lead test, one hundreil 
and seventy to two hundred and seventy-nine, average 
qualities two hundred and twenty -eight cubic feet; ac- 
cording to Richardson’s analysis, from two hundred 
and forty-eight to throe hundred and three ; by Reg- 
nault’s, average qualities, from tho coal formation, 
take three hundi'ed and twenty to three hundred and 


thirty-two— -thoBe from the secondary formation, two 
hundred and ninety-throe to three hundred and twenty- 
six cubic feet ; one pound of coke requires one hundred 
and ninety-four to two hundred and fifty cubic feet ; 
one pound of anthracite, according to the lead experi- 
ment, demands two hundred and thirty-three to two 
hundred and seventy-seven — according to Reonadlt’s 
analysis, three hundred and twelve cubic feet. A cubic 
foot of Sx weighs 0*03794 pound Hessian — 0*07500 
English— at the above temperature . — Richardson and 
Ronalds, 

Now, in these calculations, it is presumed that tlie 
oxygen of the air is in contact with every particle of 
the fuel during ignition. Could the same condition be 
insured in the furnace, it is evident that tho great 
desideratum required in combustion would be attained; 
no escape of combustible gas could tlnen ensue, nor of 
the carbonaceous particles which give to the gases 
passing up the chimney the character of smoke ; and 
the greatest possible heat arising from the burning of 
the substance in air would bo developed. Indeed, 
nothing would be wanting to extract from tho fuel the 
benefit of its total theoretical heating power, but such 
an arrangement of the furnace as would perfectly utilize 
the caloric so produced. No one, however, who lias 
any experience as to the manner in which tho fire is 
maiiagod in the ordinary kinds of furnaces, will hesitate 
to assort that the above conditions are never supplied. 
The coals arc thrown in thick layers upon the grate, 
by which the existing temperature for a time is gi*eatly 
dejirc.yied, being absorbed in part by the cold fuel, and 
by tho dispersion of its hygroscopic matter. In addi- 
tion to the reduction of the heat temporarily, the thick 
bed of fuel impedes the draught, and sufficient air cannot 
enter to effect a consumption of coals, adequate to tlie 
generation of tho amount of licat required. T1)C por- 
tion of air which traverses the fire is deoxidized by the 
ignited fuel on the bars, and no oxygen, for a consider- 
ahlo period, can come into contact with the mass lying 
upon that which is hurning; but although in this way 
it does not contribute to the pyrometrical effect, tho 
temperature of tho ignited mass, and the healed gases 
permoatiug it from below, cause a distillatory change, 
i)y which the w1k)1o of the available hydrogen, together 
with a large per ceritage of the carbon, is expelled as 
liydrocarbon gases, which escape combustion. This 
decomposition, occasioned by the undue fuelling, docs 
not only waste the combustible matter in the* way 
alluded to, but it diminishes the heat which is pro- 
duced by the portion that burns, since tho gases in 
passing off carry with them a considerable portion of 
caloric as lateiit and sensible heat. Further, after the 
distillation of the gaseous matter is efibeted, and tJie 
residuary coke lias acquired incandescence, an addi- 
tional loss is sustained in consequence of the carbonic 
acid in which the combustion of tho carbon in the base 
of the fire terminates, being, by the deoxidizing power 
of tho overlying glowing combustible, transformed into 
carbonic oxide, the abstracted oxygen taking as much 
again of the carbon as it would do if perfect combus- 
tion had occurred. The double volume of gas pro- 
duced under those circumstances renders a large quan- 
tity of heat ineffectual for useful application- 
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It is thus that three radical and distinct sources of the heat rendered latent by it atnounta to as imich or 


loss arise out of the profligate system of stoking usually 
practised; namely, waste of tho volatile inflammable 
hydrocarbon gases of the substance; loss of tho fixed 
carbon by the deoxidation of tho carbonic acid ; and, 
lastly, loss of the caloric with which the combustible 
and non-combustible gases combine and carry ofl’, as 
well in the state of latent as of sensible bes^ 

Independently of such gross waste in tne applica- 
tion of fuel, anotlier of no little moment exists — 
namely, the rapidity of the draught in tho flues. Ex- 
periments have shown that in those cases where the 
flue has boon lengthened with the view of affording a 
greater heating surface, the effect produced was ma- 
terially affected by having the damper entirely witli- 
drawn, or only partially so. Such a result is a natural 
one, considering the imperfect conducting power of air, 
and also of water, when it is on the point of passing 
into the state of clastic vapor; for tho one does not 
transmit tho caloric to the fluid, nor does tho latter 
combine with it so readily as to sulficicntly abstract 
this principle from the gases when they rn})i(lly circu- 
late around the boiler and })ass away. Uke illustrates 
this non-conducting of gases passing rajiidl y over 

a conducting surface by tho slight elevation of tempera- 
ture which is experienced in guns, cannon, et cetera^ not- 
witlistanding that the temperature produced by the com- 
bustion of tho powder is very high. The reason is, that 
the rapid evolution of the gases prevents the absoi’ption 
of the caloric by the metal. In the case of a furnace, 
the barrel of the gun may be represented by the flue ; 
the force of the explosion, and tho products therefrom, 
by the draught and vapors produced in an ordinary 
furnace; and the effect of non-absorj)tion in the latter 
instance, will bo as marked as in the former if the 
draught be too great. Hence it will bo readily inferred, 
that to absorb the whole or the greater part of caloric, 
time must form an important consideration to atliml a 
more or less prolonged contact of the heated gases witli 
the material of tlio boiler; consequently, whore the 
draught is inercastal rather than checked witlnn pro- 
j)er limits, the pyrornetrical cllcct is, to a considerable 
extent, lost, 

Tho Causes of these losses in the production of heat- 
ing effect, and, consequently, of mechanical power, have 
of late years engaged much attention, as well in America 
as in this country ; and although tho iiivcstigations, 
which have been conducted witJi a view to ascertain 
the conditions by which the largest amount of work 
might be perfonned by tlie fuel, have added materially 
to the knowledge of those circumstances that affect 
the heating power, they have scarcely touched upon 
those which relate to the economiring of fuel. Se- 
veral modifications of furnaces have been patented of 
late years for the prevention of smoke, while, at the 
same time, it is alleged tliat tho heat of the fire is 
increased ; but it is to be feared that many of these 
arrangements, while ostensibly obviating one evil, i)ro- 
duce others quite as injurious. This arises for the most 
part from the injudicious introduction of cold air at a 
part where the temperature is too low to cause com- 
bustion of the inflammable vapors and portions of car- 
bon; or the quantity of air admitted is too great, and 


perhaps more than in the ordinary fire. Much benefit 
will doubtless accrue from those improvements in the 
furnace by which the supply of fuel upon the grate is 
regulated, and rendered more or less independent of tho 
stoker* By these the loss arising from imperfect com- 
bustion, as already explained, is to a great degree 
avoided. To enter into a discussion and notice of Uio 
several improvements would be, in some degree, foreign 
to the subject of this article ; but the reader who may 
be desirous of information on this matter, is referred to 
a work by Mr. W. Wyk Williams, to the Dictionmire 
des Arts et de Manufactures^ publisimd by Laboo- 
LAYE, and to Knait, Konai.ds, and Kichai:.dson on 
Fitcl. 

Kegarding tho investigations above alluded to, the 
chief object with which they were undertAkon was to 
find tho best coal for steam navigation. As already 
mentioned, there are many kinds of coal, wliich, though 
capable of producing a high temperature during com- 
bustion, yet are not economical for the purposes of tho 
or other boiler furnaces. The reasons have been 
already stated. To find the best among the ninnerous 
varieties of coal extracted even from the same pits, and 
still more from different fields, the Goveniineiit’of the 
United States intrusted Professor W. R. Johnson with 
tho investigation. This examido was soon followed 
by Great Britain, whose manufacturing and naval in- 
terests, depending so mueb on steam, rcaidored such an 
inquiry most urgent. Dr. TjYON Playfair and Sir 
Henry de la Beciie were appointed as the principals 
in til is researeh. In botli the American and British 
investigations, the experiments were made with refer- 
ence to the following principles 

Firstly. The fuel should burn so that steam may be 
raised in a short period, if this be desired; in other 
words, it should be al»lc to prodnec a quick action. 

Secondly. It should possess high evaporating power 
— that is, be capable of converting much water into 
steam with a small consumption of coal. 

Tliirdly. It should not be bituminous, lest so much 
smoke he generated as to betray the jiosition of v(*,SHels 
of war when it is desirable tliat this should be concealed. 

Fourthly. It should possess considerable colicsion of 
its particles, so that it may not be broken into small 
fragments by tlie constant attrition wbi()h it may ex- 
perience in tho ship. 

Fifthly. It should combine a considerable density 
with such mechanical structure that it may be <?asily 
stowed away into small space — a condition which, in 
coals of equal evaporative values, often involves a dif- 
ference of more than twenty per cent. 

Sixthly. It shoukl be free from any considerable 
quantity of sulphur, and it should not progressively 
decay, both of wliich circumstances render it liable to 
8[)ontaneouB combustion. 

Tho boiler employed by Johnson in his trials of 
the evaporating power of coals, was thirty feet long, 
and three and a half in diameter; this was set over 
a furnace, and the heated gases, after passing through 
two interior return flues, each one foot in diameter, 
escaped by the side flues exterior to the boiler to 
tho chimney, making the entire length of circuit for 
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tJie products of combustion one Imndrod and twenty- 
one feet. The grate fliirface was sixteen feet and a 
quarter, «md the area of heat-absorbing surface tliree 
hundred and sevent 3 '’*seven and a half square feet, so 
that the ratio of both suifaccs was as one to 23*2. 
The chimney was sixty-three feet high, and had a 
cross section of three hundred and twenty-four square 
inches* 

On the other hand, a Cornish boiler was employed 
in* the Englisli investigation, the length of which was 
twelve feet, with an external diameter of four feet. 
Tlio furnace, as usual with this cliiss of steam boilers, 
was constructed in a flue two foot in diameter ])as8iijg 
through the middle of the vessel. After the pi'odiicts 
of combustion traversed the central line, they returned 
by two other vcxternal side ones to the front, and thence 
entered a main under the boiler, and which led to the 
chimney, thus making a course of tliirty-six feet. A 
grate live feet square was employed, and the absorbing 
surface amounted to 197*G wjuarc feet, so that the 
latter was to that of tlic iirc as 1 to 39*5. In tin’s case 
the height of tluj chimney was 35-5 feet, and its cross 
section presented an area of 182-25 square inches. 

The amount of coals consumed in the hundred and 
forty-four trials made by Johnson at Washington was 
sixty-two and a half tons; and, in the eiglity-two ox- 
jKjrhnenls conducted at* London by Playfair and i>R 
LA Btxniic, ii])out fourteen tons six hundred. The 
average wi-ight of coals burned in tlio American in- 
quiry at once was ciglit hundred two (piartcrs twenty- 
six pounds, and in tlio English, tliree hundred two 
quarters. 

The results of those experiments were published by 
Professor Johnson in a Kepurt to Congress in 1844, 
and by Sir IIenuy de la Bi:che and Du. Lyon 


Playfair in a series of Reports to the British Go- 
vernment, concluded in 1851 ; but the relation between 
the composition of the coal, as ascertained by analysis, 
and its value for producing steam, is not by any means 
very clearly brought out even by these experiments. 
They prove, indeed, by the very diflerences which they 
exhibit, as compared with the results of experience, that 
the onlj trustworthy method of determining the value 
of a fuel; especially for steam purposes, is that of practi- 
cal experiment under the boiler, where several tons and 
not pounds are consumed. It appears, therefore, to bo 
unnecessary to transcribe the voluminous and elaborate 
tables embraced in the American and English reports, 
which the few readers who may be desirous to inspect 
them will find in Ronai.ds and Richardson’s Che- 
mical Technology, It may bo stated, however, that in 
Joiin&on’s experiments the weight of water evaporated 
at 212” from one cubic foot of coal was found to vary 
from 440- 8 to 55G-1 pounds willi different specimens 
of anthracite; from 360-2 to 478*7, with bituminous 
coking coal; and from 353’8 with Scotch, to 439*6 
with English bituminous coal. In the English experi- 
HjentH, the Newcastle coal varies from 325*24 to 629*34; 
and Scotch coals from 362-68 to 400* 82. The follow- 
ing may bo given as a summary of the latter scries of 
experiments, wlicre A represents the evaporating power, 
or iiuiiibor of pounds of water evajK)ratod at and above 
212'" by one pound of coal; B, rate of evaporation, or 
number of pounds evaporated per hour ; 0, weight in 
pounds of one cubic foot of coal, as used for fuel ; D, 
space occujued by one ton in cubic feet; E, results 
obtained in experiments on cohesive power of coals, or, 
in other words, the ])er contage of large coals ; and F, 
the per contago amount of sulphur contained in the 
coals : — 
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The volume of the coals with reference to their re- 
spective qualities as a solid conii)act. fuel was tested by 
Johnson, in the state in which they come to market, 
but in the English inquiry the several varieties were 
broken up into fragmciUs not exceeding one pound in 
weight; hence the rcsulte in the latter were necessarily 
more uniform than in tlie former, and, therefore, the 
quantity of steam raised by equal bulks of the coal would 
from this, if from no other circumstance, be in favor of 
the English coals. Where the specific bulk of a fuel 
becomes a matter of consideration, as it must do when 
required for shipping, attention should be devoted to 
the size of ilie lumps, for even with the same coal 
there is great difference in the weights of two given 
volumes, one of which is in largo and the other m 
smaller pieces. 

The moisture present in tlie British coals was not 
deducted in calculating their evaporative value, os it 
was considered of greater practical irnpoitaiice to esti- 


mate this in the state in which they w^ere found in the 
market. 

The British commission, besides employing the direct 
practical method — that of burning a portion of the coal 
under the boiler — bad recourse for the calculation of 
the value of the fuel to the lead test, as also to the 
ultimate analysis. Between the results of these three 
methods there is often to be found in their tables a 
consid(-'rablo difference, amounting even to a virtual 
contradiiTion. This has been shown to arise from the 
almost utter impossibility of economizing the heat 
under the boiler in tlie practical lest, and from tho 
fact of the ox 5 '’gcn derived from the litharge being 
made the basis for calculating the pyrometrical effect 
of the f iiel in the lead test, an assumption that has been 
shown to be en’oneous. 

It is at least certain that very different quantities of 
steam were found to be raised by coals capable of 
reducing tire same amount of lead, and hence it is evi- 
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dent that the lead test cannot be relied on ns an exact 
measure of the value of a fuel, although it may afford 
an approximation. The same observation aj)plieB to 
the method of testing by tlie estimation of the coke or 
fixed carbon, the amount of which does not present a 
sure guide in the determination of the value of coal, 
since a wide difference was found between the steam 
generated or work done by different coals possessing an 
equal average amount of carbon. 

With respect to tlie value which ought to be attached 
to the experimental results obtained by actually burning 
a portion of coals under the boiler, the information 
which even this method affords for practical guidance 
is not 80 reliable as might appear at first sight. This 
arises from the circumstance, that the effect of tlie fire 
depends to a groat extent on the form and setting of 
the boiler; and as marine boilers differ from the Cor- 
nish ones in these particulars, the numbers found in the 
course of the experimental investigation do not present 
the actual equivalent of work to be expected in steam- 
ships, Even from the smallness of the boiler employed 
in the experiments, the results fell short by twenty per 
cent, of the maximum amount of work which tlie same 
fuels could perform when applied to larger boilers con- 
structed and sot on the same principles. The inquiry 
is rendered less efficient from anotlier cause, namely, 
the want of a thorough control and measurement of 
the air passing through the furnace; for, doubtless, a 
knowledge of this would be of immense service in the 
application of fuel, so as to develop its entire i)yrome- 
trical effect under the most favorable circumstances. 

The Editor concludes this article by acknowledging 
his obligations for much assistance to the very able 
work of lliciiAUDSON and Ronalds already leforrod 
to, as likewise to Miller’s Clannistry^ Dumas’ Traiit 
de Chemie Appliq}i6e aux Arls^ and Dr. Hue’s Dic- 
tionary. 

GAS. — Go9j French; Gaz^ German. — A recent 
writer appositely reiiiarkH, that in the present era, 
when the creative faculty of man seems to bo more 
than ever busy in its obedience to the {primitive injunc- 
tion to subdue the earth, it seems but to be consistent 
with the harmony and order of the world that the 
production of light should have been one of the earliest 
aims of British industry. For the daily experience of 
social as well as of organic life, declares light to be one 
of the chief necessaries of man, no less than of every 
other living thing; and sense and science alike at once 
accept as tintb, that light was the first material force 
that worked in the embryo universe. 

From the tallow dips of the last generation, powerless 
and void of everything save smell, to tlie bl ight stearic 
acid tliat cheers the drawing-room now-a-days, what a 
development! In the iron arteries under towns, in the 
consteUations of burnors that rule the nights of favored 
days, rising over the chaotic oil-lamps of .old, what 
a creation 1 And can any one doubt that the same 
voice which first bade light to be, has summoned gas to 
the service of man, and pronounced the light from it 
to be good? 

The discovery and earliest observation of clastic 
aSriform fluids, capable of being inflamed and of im- 
parting light and heat, must, according to Hughes, 


undoubtedly have been of great antiquity. The most 
ancient writings contain notices of infiammable vapoffi 
springing from fissures and cavities in the earth. It is 
evident, therefore, tliat gas being a natural production, 
no such individual as the discoverer and inventor of gas 
ever existed. Modern chemistry will have no difficulty 
in showing that all inflammable gases, whether arising 
naturally from rocks, or produced artificially by com- 
bustion or otherwise, arc composed of simple elements, » 
which present a remarkable analogy to the common 
bihydride of carbon, the gas chiefly consumed in our 
street lamps and houses at the present day. 

Inflammable gas may bo truly said to bo os old as 
the first creation of organic matter, for wherever animal 
or vegetal substances have existed, by the immutable 
laws of nature they have been subject to crcmacausis, 
and wherever decomiiosition has taken place, a variety 
of gases has been produced, some of them combustible, 
and others not. Whetlicr the change he that engen- 
dered by the slow cornbiislion of decay, or that more 
speedy process caused by the application of sensible 
heat, the eflcct is the same — the gases arc equally pro- 
duced in the two cases. 

Gas may, in one sense, be called a more natural 
production than steam, although tlie latter has existed 
from tlio first creation of water, and in its palpable 
state, as proceeding from boiling water, must have been, 
observed in all ages. 

The discoveries of man in respect to gas and steam, 
ought rather to be called opplications ; they are con- 
quests over the elements, the subjugation of great 
powers in nature to his use and convenience. So it is 
with nearly all great inventions, in which is found one 
power of nature after another, chained, confined, bound 
down, stored, and then let loose when roquiiod, and 
made to work macliincs, to jiropcl ships across the 
ocean, to sujiply the place of huniuu exertion itself in a 
thousand clitlcrent ways; nay, to pass far beyond the 
actual powers of the combined labor of multitudes, 
and to effect that by a single effort which the manual 
strength of a world could scarcely accomplish. 

If such astonishing applications of steam and gas 
had been ma(h‘ in the days of ancient Greece, wliat 
magnificent, expressive, and high-sounding names 
would have been found to convey then* meaning! In- 
stead of such contemjitible little monosyllables as gas 
and steairiy one might liave heard of the spirit of coal 
and the spirit of water, with some superlative adjective 
to stamp the vast importance of each. In sncli an 
age these wonderful conquests would have thrown all 
meaner efforts into the shade; for them alone would 
poetry have strung its harp, and tlie gi'undest epic 
productions of genius might have commemorated the 
victory of man over the inanimate matter of nature, 
instead of dedicating her loftiest songs to tlie art of war. 

As already stated, jets of flaming gases bursting out 
from the ground have attracted notice from a very 
early date, so that savage tribes, owing to the grandeur 
of the spectacle, ajiparenlly unsupported by fuel, con- 
sidered the spots whence such emanated as the abodes 
of their gods. The well-known holy fires of Bfiku 
still burn, and are due to the ignition of light car- 
bide of hydrogen witli some naplitha vapor. They 
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are vorahipped by tlie aavages In the neighborhood 
of ^6 Caspian Sea. In China, the borers for salt 
water often meet with streams of combustible gases, 
which they employ for illuminating factories and eva- 
porating brines ; consequently, the Chinese were ac- 
quainted with the use of coabgas, long before the know- 
ledge of its application was acquired by Europeans. 
The most familiar instance of the elimination of in- 
flammable gases from the earth in this country, is the 
fire-damp of the miners ; but it is not of such a good 
quality as that artificially produced. 

. Some of the earlier nations considered fire as a type 
of divinity, and one can scarcely wonder at the feelings 
of veneration occasioned by mysterious outbursts of 
• flame, the origin of which appeared utterly incompre- 
hensible. Hence superstition erected her altars over 
such flames, and claimed the mterfercnce of the gods 
to sustain the perpetual miracle. But all that had been 
observed with reference to inflammable vapors in olden 
times, was very far indeed from loading to any attempt 
to collect and use them. Their very nature and com- 
position were unknown, and the most mistaken ideas 
prevailed as to their real elements. It was not until 
modern chemistry had exploded volumes of ancient 
dogmas, had traced the so-called elements to far simpler 
forms, and had taught the laws according to which simple 
bodies are combined in erder to constitute all forms of 
' matter — it was not till then that it began to be seen that 
the inflammable vaj)or of coal, wood, oils, and other fatty 

I substances, was analogous with the marsh gas wbioli 
arises in bubbles from the decomposition of V(‘gelals 
under water; that it was of the same nai-nro as the ignh 
fatuus or which on the wild moor or 

bog has lighted many a traveller to destruction; finally, 
that it was ncai'ly tlio saino as the gas which arises 
from the decomposition of water, however elfoctcd ; 
and that, in fact, one of tbo constituents of water, the 
greatest antagonist and extinguibher of flame, was itself 
the most inllauimable Rubstanco in nature, namely, 

' hydrogen gas ; while oxygen, the other element, is the 
greatest supporter of combustion. 

Various opinions have been hazarded to account for 
the almost perpetual fires which wore kept burning on 
the ancient altars. These are rnontionod by S'J’uabo 
and Plutarch, who add that when they happened to 
be extinguished, they were lighted by invisible means. 
The altar in the temple of iEgina may bo mentioned 
as affording a good explanation of tlie mystciry. IL^rc 
a round hole, about thirteen inches in diameter, is ob- 
served iii a block of stone. The circular orifice opens 
into a square one, which passes down through solid 
stone to a depth of several feet. The lower extremity 
of the square hole communicates with a cavity in which 
Mr. Dodwell supposes a firo to have been tjonstantly 
kept burning, so that the flame did not appear above 
the surface of tlie fissure. Ho says, nothing more 
would be necessary than to pour oil into the orifice, 
when the flames would immediately burst forth, and 
appear to havo a miraculous origin. — Hughes. 

Although the applicatif n of the gases produced by 
the destructive distillation of pit-coal, as a moans of 
obtaining artificial light, appertains to modem times, 
yet the germ of it may be traced back nearly two cen- 


turies. In the year 1659, Thomas Shiblev is said to 
have attributed the exhalations from the burning well of 
Wigan, in Lancashire, to the subjacent cool beds; and 
in 1664, the observation was made by Dr. Clayton, 
that combustible illuminating gas was formed during 
the decomposition of coal by heat, and that this could 
be collected. 

One hundred years afterwards application was made 
of the fact, but by mere accident. In 1787, Lord 
Dundonald, of CulroBS Abbey, in Scotland, took out 
a patent for making coal-tar, and erected near the 
Abbey a series of ovens for this purpose. The tar 
was conducted by pipes from the condensers into cylin- 
ders of brickwork, each of which had a small opening 
at the top for tlie escape of the incondensable part of 
I the products. To these openings the workmen were 
in the habit of attaching a cast-iron pipe by means of 
a mass of soft clay, and lighting the gas at the other 
end to give them light during the darkness. His lord- 
ship, also, was in the habit of burning the gas in the 
Abbey as a cariosity ; and, for this purpose, he had a 
vessel constructed resembling a largo tea-urn, which 
ho. frequently caused to be filled and carried up to the 
Abbey to light the hall with, especially when he had 
company with him. 

But the true discoverer of the practical application 
of coal-gas for lighting purj^oses was Mr. Murdoch, a 
Scotchman, who, in the year 1792, while at Bedruth 
in Cornwall, made a series of experiments on the quan- 
tity and qualities of the gases ju’odueed by distillation 
from different mineral and vegetsil substances. Ho 
was induced, by some observations which he had pre- 
viously made on the burning of coal, to try the com- 
bustible properties of the gases produced from it, as 
well as from peat, wood, and other inllammablo sub- 
atances; and was striajk with the great quantities 
of gas which they afl'orded, as well as with the bril- 
liancy of the light, and the facilities of its produc- 
tion. He continued his ex{)erimenls till 1798, when 
he removed from Cornwall to a situation of im- 
portance in Boulton and Watt’s works at Soho, 
and there ho constructed an apparatus which, during 
tii.'iiiy successive nights, was ajqdiod to the lighting of 
their principal building. In the meantime he tried 
various methods for washing and purifying the gas, 
and these ex})erimeiits were continued with some inter- 
ruptions till the peace of 1802, when a public display 
of the gas-light was made by him in the illumination 
of the manufactory at Soho on that occasion. He 
afterwards extended the same apparatus, so as to give 
light to all the piincipal shops in the neighborhood, 
where it was in regular use to the exclusion of other 
artificial light; and, finally, in 1808, he fitted up the 
gas apparatus in Messrs. Phillips and Lee’s cotton 
mill ; from which time it gradually extended to all the 
cotton mills in the kingdom. 

At the same time, much credit is due to Mr. WiN- 
SOR, who took out a patent for a similar process in 
1 806, delivered lectures on the subject, and endeavored 
to got up a joint-stock company for street-illumination. 
In this object he did not succeed till 1812, when some 
of the streets of London were first lighted with gas. 
Oil-gas was first prepared on a large scale by Philif 
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Tayloe, who erected the gas-woiiis at Paris soon 
after the peace of 1815. 

Nature of Iu.uminating Gas.— Knapf justly re- 
marks iliat the lighting properties of a gas, or mixture of 
gases, must depend upon tlie relation winch the carbon 
in it bears to the hydrogen, and that it can only be 
turned to a useful purpose when there is more of the 
former of the two elements present than in fire-damp, 
and when the proportion of both approaches that of 
olefiant gas. Ijight caibide of hydrogen — CII^ — con- 
tains 75*4 carbon to 24*6 hydrogen; olefiant gas — 
CgHj — consists of 86 carbon to 12 hydrogen. 

The illuminating power of ditVerent carbides of hydro- 
gen varies considerably. Fire-damp contains one part 
by weight of hydrogen to three of carbon ; but one part 
of hydrogen requires eight, and one part of carbon 2 ’666 
parts of oxygen for coiubustion; now, supposing the oxy- 
gen of the air, which performs an important part in com- 
bustion, to combine with both simultaneously — ^then, as 
eight parts of oxygen consume one of hydrogen, Just eight 
parts of oxygen woTild i]nile with the carbon, and con- 
sume three parts, or exactly the whole quantity. In 
olefiant gas, there is one part of hydrogefi to six of car- 
bon ; therefore, imrler the same 6up{)ositioTi, one part of 
hydrogen and three parts of carbon will be consumed 
together, whilst as much carbon, or three parts, will be 
set free. Although in reality the hydrogen is always 
consumed firat, yet it is obvious that olefiant gas is 
capable, under similar circumstances, of supplying more 
carbon to tlic tlanie, and, consequejitly, of prodiKJing 
more light, and it would have a decided prefercm.c 
above all others, if it could be procured snlUcicntly 
cheap. This, however, is not the case, and one must 
bo satisfied, from economical motives, with a mixture 
of gases, or, in other words, a compound gas, produced 
by the decomposition of certain substances of organic 
origin, and containing so much olefiant gas that it far 
exceeds carbide of hydrogen in illnmiimting power. 
When those organic subbtanccs are exf)Osed to a certain 
temperature, the following process results. C^erfain 
volatile products escape, which partly condense on 
cooling into tar and aqueous fluid, wliilst the rest is a 
mixture of gases, hut contains likewise no small por- 
tion of the volatile va])ors of difrerent comjiouuds, 
which remain dissolved in the cooled gases, without 
being condensed itito liquids. A coaly residue which is 
termed coke is left. 

The researches of numerous chemists upon coal tar, 
have led to the discovery of oily volatile products of 
very different chemical character, and which are chiefly 
carbides of hydrogen, with a very large proportion of 
carbon. To this class belong aniline lewoUn^ pyrrol, 
rosoliCj brunolic^ and carbolic acide^ and luiphthalin. 
Most of these contain ninety per cent, of carbon, 
naphthaliii as much as ninety-four; and in burning tliey 
deposit it in still greater quantity lian olefiant gas. It 
is, therefore, easily conceived why the vapors of tliese 
substances remaining with the gas, so very much 
enhaijice its value. Such mixtures of gas and vapor 
are termed illuminating gas, without reference to the 
separation of noxious and useless impurities before it 
is used. Gas, consequently, is not a definite compound 
of light carbide of hydrogen or olefiant gas, but more 
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properly a mechanical mixture of very various bodies, 

some being only slightly or not at all lumiuous^ whilst 
others are exceedingly so, as olefiant gas and the other 
carbides of hydrogen which possess similar properties, 
and to which the whole is indebted for its illuminating 
power. It is a remarkable circumstance, that carbon and 
hydrogen are capable of uniting in the same proportions 
by weight to form a series of gases and liquids, which 
only vary on account of the dfifterent amount of con- 
traction of volume which their elements undergo in the 
moment of combination ; and this alone can explain tlie 
great multiplicity of solid, liquid, and gaseous carbides 
of hydrogen which arc known to exist. 

It may be conceived that different substances, as 
wood, fat, and coiJ, must be suited in different degrees 
for the production of light-gas. Coal, fats, or oils, resin 
and tar, afiphaltum, soap-water, and tlie refuse of animal 
bodies, are all practically eiiii)loyod, according to the 
locality, in the production of gas. The different nature 
of tJicse bodies requires that different inodes of prepar- 
ing the gas from them should bo adoi)ted, and these 
will be considered separately further on. 

The amount of gas from a given (juantity of coal 
depends greatly UjH>n its quality, and tlie manner in 
which its distillation is conducted; it is, therefore, very 
variable. 

Experience has proved that English canncl is the best 
gas-coal, boil) us regards tlie quantity and quality of 
the gas which it yiehls. Scotch parrot coal comes next. 
Even the Jlerlin gas-works use cannel coal from Eng- 
land. In France, whore cannel is not to bo mot with, 
highly cakiiig coal of a similar character is selected, 
and on the East coast of England, caking coal is gener- 
ally employed for the production of gas. 

Acuum found that one hundred cubic feet of coal 
gave from eighteen thousand seven hundred to nine 
thousand two hundred cubic feet cf gas, according as 
the best kinds of Scotch or Lancashire coal were used, 
or the inferior sorts of StatTuiddiire. At the hospital 
at St. Louis, at Paris, the yearly average, from the 
same amount of coal, was twelve thimsand three hun- 
dred cubic feet of gas, which is equal to four hundred 
and ninety-three cubic feet of gas to tlie hundredweight 
of coal. Pkkcjitl estimates the produce at seven hun- 
dred cubic feet ; so that the Btaternents as regards the 
weight of* gas vary from twelve to seventeen per cent. 

The decomposition of the coal begins witli the inci- 
pient red heat of tlie enclosing vessels, and continues, 
if large quantities are cmjdoyed, several hours, the 
quantity of gas gradually decreasing towards the end. 
Peukston found that, in an eight hours’ distillation, 
when the fire was uniform, and tlio vessels constantly 
red liot, the relative quantities of gas given off were, 
in the first hour, twenty; in the second, fifteen; in 
the third, fourteen ; in the fourth, nearly thirtoen; in 
the fifth, twelve; in the sixth, ten; in the seventh, 
nine ; and in the eighth, about eight per cent, of the 
wfiole quantity. Tlio cubic foot at the end, therefore, 
costs two and a half timers as much os at the com- 
mencement. The quality of the gas, at the different 
periods of tlio distillation, however, must also bo taken 
into consideration. For this purpose, it will be proper 
to glance at the ingredients of the gaseous mixture in 


I 




gonorali which, after the separation of the a<pieous liuid 
and the tar, consists of— 


Slydnde of carbon,’ ] ! 0 Hg 

Olemint gae, (Jg Ilg, or C4 II4 

Volatile hydrocarbon, 

Benzol, ^12 flo 

Cdrbonic oxide, C 0 

Cyano^n,. Og N 

Sulphide of hydrogon, H S 

Annnonia, N 113 

Carbonic acid, C Og 

Sulphuroua acid S 

Disulphide of carbon, C Sg 

Nitrogen, N 

Th^carboiiic oxide and a part of the free hydro^^en, 
doubtless, have the same origin, being formed from tlie 
moisture in the coal, or from the first portions of 
aqueous vapor generated, which, passing over the in- 
candescent coke, are converted into these gases. The 
nitrogen of the coal is obtained ciitircly as cyanogen 
and ammonia, partly in combination, and the latter 
is also found with the sulpho-cyanogen and the 
otlior acids, forming volatile salts; free nitrogen, on 
tlio contrary, is the residue of titniOH|»lieric air con- 
tviiiod ill the letort. Sulplndc of liulu^gLii and sul- 


phurous acid arise from iron pyrites, eviscerated by 
the coal. 

Tho lirst lour of the ingredients nainod, with tlio 
illuminating vapors of tar oil, form tile proper bulk of 
the gas ; tho others are small quantities of impurities 
which should have been separated with tho tar. Ex- 
periment ha£ proved tlmt the relative proportions of the 
four principal ingredients vary with the duration of tho 
distillation. When chlorine Ls added to liglit'gas and 
tho vapors of tar oil, a fluid compound separates, and 
the original volume is consequently lessened. Tho 
diminution which tlie volume of the gas sullers wlien 
mixed with chlorine is, therefore, in direct proportion 
to its illuminating power and to the value of the gas 
— the amount of olctiant gas and tar oil vapors which 
it contains. This explains tlie following results of 
a scries of elaborate experiments by Dr. Hemiy, wlio 
followed analytically, stop by step, the wliolc courao of 
the evolutioji of gas. lie found that, at iiicipieut red- 
ness, scarcely anything but hydrogen, atmospheric air, 
and some tar passed ofl', witli hardly any illuminating 
gas; but that, alter attaining that ternpenitiirc, illnini- 
nating gas alone appeared, and this was cojuposed of a 
ini.\tnro of gases in the following relative proportions:— 
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Consequently, us a general result, caibidc of hydrogen 
is formed in decided excess, and the most luininous 
portion of tliis, which is cotidonsablo by chlorine, com- 
prises only about onc-iiflh of the whole. These mim- 
iNprs also prove distiileliy, that after about the fil’tli 
hour the quantity only increases, but the quality does 
not improve; indeed, this deteriorates so lapidl}^, that 
at tlie expiration of ten hours, the gas whieli passes over 
is hardly luminous when ignited, but burns with a very 
faint flame. The specific gravity, ns will be seen, keeps 
pace with the quality of the gas, diminishing as the 
latter improves, and can thus far be taken as a test 
for its value. As pure oJcliant gas has about the 
speeifle grarity of common uir, 0'08, the density of 
the illuminating gas must increase with tho quantity 
of olefiant gas contained in it; yet an extraordinary 
amount of carbonic oxide, specific gravity 0*1)7, or of 
carbonic acid, specific gravity l*r>2, luny give rise to 
errors of some magnitude. 

The great increase of hydrogen, which at the last 
period amounts to sixty per cent., is remarkable, and 
important to the manufacturer — an aiigmentalion which 
is no longer duo to tlio decomposition of aqueous vapoi s, 
but to that of tlie carbides of hydrogen. It was long 
ago observed that these are decomposed at a bright 
red heat, and deposit a portion of their carbon on the 
sides of tlie vessels, Maroiiand’s recent experiments 
show very clearly the progress of this decomposition. 
When olefiant gas was coiiduefod through a red-hot 
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tube, and the heat constantly elevated, the gas passing 
otf, collech d in succossivo portions, contained tho follow- 
ing quaniilics of carbon to one Imudied of hydrogen: — 
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Tho Editor will now give a short account of each 
gas, with its preparation and properties. 

IIyjjkogkw. — First in the table of the constituents 
of coal-gas is tliis element, which in its [»ure state is 
a coloriess transparent gas, possessing a ve^y low 
specific gravity. It may bo obtained by the action 
of weak sulj)liuric acid upon iron or zinc. Some nails, 
or pieces of iron wire, or granulated zinc, may Ke 
introduced into a tubulated flask, and covered with 
sulphuric acid, diluted with six or eight times its bulk 
of water; an cflervesence ensuefii, heat is evolved, 
and the gas escapes, which may bo collected in the 
hydro-i)neumatic trough. The hydrogen, however, 
wliich is thus eliminated, is never perfectly pure. When 
procured from iron, Its smell is pociilior and disagree- 
able, in consequence, according to liEitZELitv, of its 
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coutwumg a portion of volatile oil, tbrmod by its union 
vith a minute quantity of carbon, which all common 
iron contains. When such gas is passed through 
alcohol, much of tho odor is absorbed by it, and on 
diluting it witlj water, it becomes milky. Obtained by 
means of zinc, the gas is ptu'haps somewhat more pure, 
but appears to hold a trace of zinc and carbon in 
solution, and perhaps, in some coses, traces of sulphur 
and of areenic. For the purposes of delicate experi- 
ments, hydrogen must bo passed tlirough a solution of 
potassa, and then exsiccated by conducting it over frag- 
ments of fused chloride of calcium; it should also bo 
collected over mercury, and procured from purified 
sinCy and pewte sulphuric acid, so far diluted as to act 
but slowly upon the metal. 

Hydrogen is an uncondonsable aeriform fluid ; it is 
not absorbable by water, unless that licpiid has pre- 
viously been deprived, by long boiling, of common aii-, 
iu which case a hundred cubic inches dissolve about 
1*5 of tlio gas. It has no taste, and when perfecjtly 
pure is inodorous. It has great power of j‘ol‘ra(3tirig 
light. It may bo respired for a short time, though it 
is instantly fatal to small animals. IVF. MaiiNoiit, 
after havitig breathed a quantity of this gas, fouiul that 
his voice had become remarkably shrill. The intensity 
of sound is greatly diminished in an atmosphere of 
hyilrogen ; Leslie, indeed, ascertained it to bo more 
feeble than its rarity, compared with air, would liave 
led him to exj)ect. He placed a piece of clockwork, by 
which a bell was struck every half minute under the 
receiver of the air-pump, and after exhausting the air, 
filled the receiver wit'u hydrogen ; but the sound was 
then even feebler tlmn in tiio highly rarefied atmosphere. 

Hydrogen gas, says Brakde, is tho lightest known 
form of matter, and its equivalent, combining, or atomic 
weight, is below that of all other substances; it is, there- 
fore, conveniently assumed as in rofcroncc to the 
cutamic weiglUs of all other bodies. In consequence of its 
extreme lightness, it is dilhciilt directly to dotennine its 
weight with accuracy by tlie coramon process ; but the 
researches of Berzelius and Dulong, and of Hr. 
PROUT, lead one to infer that its si)ecific gravity, com- 
jjared with oxygen, is as one to sixteen ; one hun- 
dred cubic inches, therefore, of pure hydrogen gas at 
mean temperature and pressure, weigh only 2*1483 
grains, and compared with air, its specific gravity would 
bo nearly as seven to one hundred, or, more correctly, 
as 0*0694 to unity. 

The low specific gravity of this gas is well and in- 
terestingly illustrated, by substituting it for common 
air in soap bubbles, which then rapidly ascend in the 
atinosfihere, and may be kindled by the flame of a taper. 
The same circumstance also leads to its employment for 
the inflation of balloons, which, however, have of late 
years been generally filled with coal-gas. Small balloons 
may be purchased made of gold-beater’s skin, or the 
lining membrane of the crop of a turkey, which, when 
111 led with pine hydrogen, rise to tho ceiliijg, their 
specific gravity being inferior to that of the surrounding 
air. Some of these, whcii filled with hydrogen, do not 
weigh more than forty-two grains, while the same bulk 
of air would weigh fifty-two, so that their buoyant 
is about ten grains. 


Hydrogen is inflammable, and extinguishes llanie. 
When puro, it burns quietly, with a pole yellowish flame 
at the surface in contact with air. — Brande. 

BinYDRiDE OF Carbon — flight carbide of hydrogen 
— is produced collaterally with carbonic acid, in tlie 
putrefaction of vegetal substances under water — hcncts 
its name, niarsh-gaa. It burns with a pale bluish 
light, rather stronger tlian hydrogen. 

This gas is best obtained for experimental puqiosos 
by the decomposition of certain acetates, under the 
following conditions, first pointed out by Persoz, and 
described by Dumas : forty parts of crystallized acetate 
of soda, forty of caustic potassa, and sixty of jxiwdcrcd 
quicklime, are well mixed and heated in a gljissiretoit; 
the use of tlie lime being to prevent the action of ili<^ 
alkali upon tho glass ; at a heat approaching dull red- 
ness, the gas is abundantly evolved, and may bo col- 
lected over water. The action is determined by tho 
afiinity of the alkaline bases fur cjirbonic acid, and the 
instability of tho acetic acid at high temperatures, an 
cipiivaltiiit of acetic acid and one of water producing 
carbonic acid, which combines with tho soda and 
potassa, wliile, at tho same time, light carbide of 
hydrogen is formed, and passes oif, as shown by tho 
following formula ; — 

Na 0, O4 II3, (),, + KO no = Na OCO.^ -p 

Acc'tutu uf Hotld I'ljtHbsii. farbounUt 

KO OOj + 2 {tl^ C). 

^ , t' ^ 

Car^xmuU' of i>obus4a Cnibldo of bj'dtof'ou 

A mixture of one equivalent of fused hydrate of 
baryta, and one of anhydrous acetate of soda, similarly 
treated, also yield a pure gas. 

Sir H. Davy found the spocific gra\ity of this ga^s 
to be 0*565, and, compared with hydrogen, as eiglit to 
one. One hundred cubic inches weigh 17*4 grains. 
According to Faraj)Ay, its refractive power is 2*007, 
air being 1 *000. When pure, it is of course unrespir- 
able, but it is not very noxious when mixed with air. 
It is sparingly soluble in water, fourteen cubic inches 
of which take up about one of the gas. It is hardly, 
sensibly soluble in alcohol or ether, and in oil of tur- 
})cntinc the proportion dissolved is not probably one- 
firteenth of the volume of tho fluid employed. It is 
inflammable, burning with a yellow flame, and produc- 
ing carbonic acid luid water ; it lias, when quite pure, 
scarcely any odor. It is not dccorrqiosed by eloctrio 
sparks, but, when passed through a white-hot tube, 
dc]>osits a portion of its carbon. 

A hundred volumes of this ga.s require two hundred 
of oxygen for perfect combustion, which produces 
v)ater and a hundred volumes of carbonic acid. One 
hundred volumes of carbonic acid contain a hundred 
of oxygen, or half the quantity consumed ; tho remain- 
ing hundred volumes, therefore, must have united with 
two himdrod of hydrogen to form water ; hence, this 
gas is composed of— 

Atomic wdgHt Per oont 

1 Eq. ofOtirlxm, 6 75 

2 Kqs. of Hydrogen, 2 ..... 25 

1 Eq. of Bicarbide of hydrogen,.. . 8 100 

Davy made several experiments on the combusti- 
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bility and explosive nature of this gas. He observed 
tliat when one volume was mixed with one of air, they 
4:»urned by the approach of a lighted taper, but did not 
explode ; two of air and three of the latter to one of gas 
manifested similar results. When four of air and one of 
the gas wore exposed to a lighted candle, the mixture 
being in the quantity of six to seven cubic inches in a 
narrow-nocked bottle, a flame descended through the 
mixture, but no noise was produced ; one volume of 
gas, burned with six of air in a similar bottle, made 
a slight whistling sound ; one of gas with eight of air, 
rathor a louder sound ; one with ten, eleven, twelve, 
tliirtoen, and fourteen still inflamed, but tlic violence of 
the combustion decreased. A candle burned in a mix- 
ture of one of gas and fifteen of air, with a grefAtly 
enlarged flame, without producing explosion. The 
compound which appeared to be of the greatest ex- 
plosive power, was that of seven or eight volumes of 
air to one of gas; but the report produced by fifty 
cubic inches of this mixture was less tlian that result- 
ing from one-tenth of the quantity of a mixturo of two 
parts of atmospheric air and one of Iiydrogen. 

Til reference to the cUyrre of heat required to explode 
this gas mixed with its proper f)roportion of air, it was 
found that a common electrical spark would not explode 
five parts of air and oiio^of the gas, though it exploded 
six parts of air and one of the gas ; but very strong 
sparks from the discharge of a Leyden jar seemed to 
have the same power of exploding different ruixlurcs 
of the gas as the flame of the taper. Well-burned 
charcoal, ignited to the strongest rod heal, did not ex- 
plode any mixture of air and of the fire-damp ; and a 
tire made of well-burned charcoal, that is, charcoal tliat 
burned without flame, was blown up to whiteness, by 
an explosive mixture containing the fire-damp, with- 
out. producing its inflammation. An iron rod at the 
higlicst degree of rod heat, and at the common degree 
of white heat, did not inflame explosive mixtures of 
file gas ; but when in brilliant combustion, it produced 
the effect. Tlie flame of gaseous oxide of carbon, as 
well as that of olefiant gas, exploded the same mix- 
tures. — lirande. 

Olefiant Gas. — Next in order is the chief consti- 
tuent of coal-gas — namely, olefiant gas, a name derived 
from its property of producing, when in contact with 
chlorine at tlie common tenipcraturo, a peculiar aro- 
matic oil resembling cldoiofonn 

I’liis gas burns witli a beautiful brilliant flame, con- 
stituting the true illuminating principle of coal-gas. 
It is generally obtained by decomposing alcohol by 
sulphuric acid ; for which purpose, two parts by mea- 
sure of the acid, and one of alcohol, arc put into a 
ri'tort, and boat applied ; soon after tlio mixturo boils, 
the gas is evolved. It may bo collected over water, 
and should be well washed with lime water, 'or with a 
solution of poiassa, to abstract sulphurous and carbonic 
acids ; it also retains a little etiiorcal vapor, wliich may 
bo removed by agitating it with weak alcohol, and j 
afterwards with water. A moro.rcfiiiod process for | 
the production of olefiant gas is that of Mitschbruch, ! 
wliich consists in passing tho vapor ol alcohol into 
sulphuric acid, so far diluted as to have its boiling 
point reduced 326*' — namely, about two parts vitriol, | 


specific gravity 1'8, and one of water. The acid is 
heated to the boiling point, or nearly so, and is then 
put into the receiver, A, Fig. 89. The flask, or tubu- 
lated retort, B, contains alcohol. On the application 

Fig. 89. 


oNioat to tho latter, its vapor passes, by means of the 
tube, c, into the hot acid, and is converted — catalyti- 
cally — into olefiant gas and aqueous vapi')r, which, after 
pabsing through a Woulfe’s apparatus, u D, escape by 
tlie tube, E, togotlicr with a little alcohol and other, 
into tho pneumatic trough, F. Tho gas continues its 
course upwards into its recipient, n, while the accom- 
panying bodies just mentioned are condensed in the 
trough. By this process tho acid is not discolored, and ! 
no Huljihurous acid is formed. 

Tho apparatus may bo variously modiliod. Thus, 
when it is required that the whole of the alcoholic vapor 
should bo transformed into the olefiant gas, tho ebulli- 
tion of the acid must be continued by means of a spirit 
or gas lamp placed under tlic receiver. When tho acid 
is merely heated in the first place, docomposition pro- 
ceeds only till the acid is cold. Still, for preparing a 
small qmniity of gas, this condition is quite sufficient. 

Tlie specific gravity of olefiant gas, as usually pre- 
pared, is about 0‘980, or, compared with hydrogen, as 
fourteen to one, and a hundred cubic inches weigli 
about thirty grains. According to Thomson, its spocitic 
gravity is 0*9722— the same as that of nitrogen and 
carbonic oxide — and a hmidrcd cubic inches at the tem- 
peratme of 32° weigh 31*879 grains. Its refractive 
power is 1*818, air being one; and its specific heal, 
compared with that of air, is, according to Dulono, 
1*53, and according to Db La Roche and Berard, 
1*55, being greater than that of any other gas. 

Under tho combined influence of intense cold and 
pressure, Faraday succooded in condensing olefiant 
gas into a clear, colorless, transparent liquid, not solidi- 
fiablc : its vapor exerts a pressure of 26*9 atmospherbs 
atO°. 

Olefiant gas, when carefully purified, has little odor, 
though it is very difficult to get rid of traces of other ; « 
it is inflammablo, buniing with a bright and highly 
luminous flame. It extinguishes a taper, and is quite 
irrespirable. Water absorbs about one-eighth ita 
volume of olefiant gas, leaving an insoluble residue, 
which burns like light carbide of hydrogen. 
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Mauchand stntcK that one voluino of olefiant gas 
requires, for perfect combuFtion, three of oxygen. 
When sulphur is heated in one volume of this gas, 
charcoal separates, and two volumes of sulphide of 
hydrogen result. As hydrogen suffors no change of 
volume by combining with sulphur, it follows tliat ole- 
fiant gas contains two volumes of hydrogen condens('d 
into one ; hence the quantity of ox 3 "gen required for 
its combustion. This compound is also decomposed 
by heat alone, as by passing and repassing it through 
a rod-hot tube of eai’Uienwaro or metal ; it then gradu- 
ally deposits its carbon, and is ultimately expanded into 
twice its original volume of pure hj^diogen. An ana- 
logous transformation of the olefiant gas generated in 
the retorts of the gas-works is observed, and is conr 
uectod with the deposition of several iritercstiug forms 
of carbon. 

When owe volume of olefianf. gas is detonated by the 
electric spark in a proper luhc — whieh, on account of 
the violence of the explosion, should ho very strong — 
with throe volumes of oxygen, i?roof carbonic acid arc 
formed, and water is deposited. Now two volumes of 
carbonic acid contain two of oxygen, so that the other 
V(durae of oxygen must have condensed two of hydro- 
gen to form w iter. Hence onr equivalent i»r volume of 
olefiant gas must contain two cijuivalcnts of carbon 
and two of hydrogen. — ]iramh). 

Volatile IIydkocauuons. — N ext in order, among 
flic constituents of coal-gas, are the volatile hydro- 
earhoiis, portions of which vapoiize at a heat miiclj 
below that of boiling water; eonseqM(?titly, parts of 
them are carried ofl by the coal-gas — the quantity 
found in the gas varying witli the distance from the 
works in which it is generated. 

Benzol conUins ninety -two percent, of carbon, a 
fir greater amount tlian even olefiant gas. W'iicrj it 
is btiraed with an insufiicient supply of oxygon, large 
deposits of carbon ensue. With a proper quantity of 
oxygon, this In^lrocarhon allords a beautiful light, Jis 
may be ohserved wJjcn a stream of atmospheric air is 
iransmitted through it diiriug ignition. The ])eculiarly 
rich and illuminating power of the vapor of bunznl, 
may he seen by passing it througli the pale and almost 
invisible flame of hydrogen. This substance luis been 
fully dcBcribcd in Vol. I., jiage 285, ci mjnlfur. 

Oakbonic Oxide, which is rather an inqiurity tlian 
ft proper constituent of coal-gas, may bo very readily 
obtained, as Bkande remarks, by Dumas’ process, 
which consists in gently heating oxalic acid with five 
or six times its weight of sulphuric acid ; the mix- 
ture effervesces in consequence of the evolution of 
equal volumes of carbonic oxide and cariumic acid 
gas ; the latter may be abstracted by a caustic alkaline 
solution, and juire carbonic oxide gas remains. In this 
case, the evolution of the two gases is caused by the 
(di&traction of water from oxalic acid, which contains, 
in its anhydrous state, the elements of one equiva- 
lent of carbonic oxide, and one of carbonic acid ; but 
llu'.BC can only exist as oxalic acid when in union with 
water, or wdtb a base, anhydrous oxalic acid not having 
been isolated. Crystallized oxalic acid is Cj^Og, 3 1 JO, 
which, acted upon by three equivalents of sulphuric 
acid, 3 (110, SO„), becomes 3 (2 HO, SO,) +00,+ CO ; 


the hydrated sulphuric acid remaiiiH in the iVsftort, the 
carbonic acid is abstracted by passing the gases through 
a solution of caustic potassa, and the carbonic etxide'* 
passes oft*. Another source of carbonic oxide, eu^osted 
b}' Fownes, is the action of ten parts of conoentratod 
sulphuric acid on one part of pulverized crystals of 
fenxHyanide of potassium ; tlie gas Urns obtained is 
pure, and is evolved in the proportion of throe hundred 
cubic inches from half an ounce of the salt. 

Ferrocyanido of potassium contains cyanide of po- 
tassium, K Cg N, and cyanide of iron, Fe Cg N ; they 
arc converted by the sulphuric acid into sulphates of 
iron and potassa, suljfiiate of ammonia, and carbonic 
oxide ; tlius, in regard to tlie cyanide of potassium, 
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It not unfrefiuentl} happens that carbonic oxide is 
formed by the combustion of carbon when tlie supply 
of oxygen is inadcciuatc to the production of carbonic 
acid ; lienee the lambent blue flame which sometimes 
plan's upon a coke or charcoal fire, or is soon to issue 
from ccTtain furnaces: this is, in fact, equivalent to 
)>assiijg carbonic acid over red-hot cliarcoal ; so that 
0 Gg + C becomes 2 C 0. 

The specific gravity of this gas compared to hydrogen 
i.s as fourteen to one ; and to atmospheric air as O'DTOO 
to 1*0000; a hundred cubic ineJics weighing 29*01)70 
grains. It is very fatal to animals, causing giddi- 
ness and faiutirig when respired mixed with atmo- 
Kiiheric air. When breathed fuire, it almost immediately ' 
produces profound coma. It extingi'islios flame, and | 
burns ivitli a peculiar blue light when mixed with, or 
exposed to, atmospheric air I)avy found tliat the 
temperature of an iron wire boated to dull redness was 
snflicionl to inflame it. It has no histc and little odor; 
it docs not affect vegetal colors, occasions no jirecipi- 
tate in lime water, and is very sparingly ahsoibed by 
water which hats been deprived of air. When burned 
in dry air oi ox^^gon under a bell-glass, no moisture 
whatever is d(*positcd, showing that hydrogen is not 
contained in tliis gas. Carbonic acid is the only result 
of this (tombustion. — Bramle. 

No change is effected in carbonic oxide when it is 
passed and repassed through a red-hot porcelain tube; 
nor is it altered at high temperatures by phosphorus, 
Miljdmr, nor even, according to the experiments of 
Saushuue, by hydrogen, though it is staled upon other 
Hiithoiities, that at elevated temperatures hydrogen 
docs decompose it, 

Cyanocjen. — T here is no class of organic bodies, 
remarks Sir Kobekt Kane, of which there is more 
extensive and exact knowledge, than those which 
have cyanogen as their basis. The powerful affliiities 
which this radical exerts, the simplicity of its consti- i 
tiition, and above aH, the circumstance that one is able 
to prepare it in an isolated state, and to generate its 
compounds directly from it, as from those of a truly 
simjilc body, renders its history the most advanced 
portion of organic chemistry, and that to which the 
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analogy of mineral bodies, and the theory of compound 
organic radicidB, is most undeniably applicable. 

Cyanogen does not exist in nature ready formed; 
the kernels of peaches, plums, bitter almonds, et cdera'^ 
and the leaves of the cherry-laurel, yield, by distilla- 
tion, abundance of hydrocyanic acid, but it is only then 
produced by the decomposition of other substances 
containing nitrogen. 

This body may, however, be formed abundantly, 
and in a simple manner, by bringing its elements toge- 
ther at a high temperature, in contact witli substances 
with which it may unite. Thus, when any organic 
matter containing nitrogen is calcined with potassa, 
the nascent carbon and hydrogen unite, and cyanide 
(jf potassium is produced ; even with pure charcoal 
this occurs, nitrogen being derived from the air ; and 
Fownes has shown, that when a mixture of pure char- 
coal and potassa is ignited in a tube, and a current of 
nitrogen passed through it, the latter is absorbed, and^ 
carbonic acid gas being given oil, cyanide of potassium 
is produced — 

3 c + KO -f. N = CO -f K, % N. 

I’hifi mode of forming cyanogen has been made tlio 
iKisis of manufacturing processes on tljc great scale, and 
at present miicli ferrocyanidc of potassium so formed is 
RfMji info commerce. By the action of ammonia also on 
ignited charcoal, cyanogen is generated in abundance ; 
if combines witli liydrogen and the excess of ammonia, 
and ju'oduces ferrocyanide of ammonium. It is by 
virtue of those processes, tliat cyanogen is olitainod for 
its various ap[)lication8 in the arts. 

Cyanide of silver, or cyanide of mercury, is to bo 
introduced into a small glass retort, and healed to just 
below redness ; a gas is evolved which must be col- 
I(uitcd over the mercurial trough ; the cyanide of silver 
scfjarates simply into metal and cyanogen ; but when 
cyanide of mercury is used, a brown powder appears, 
the quantity of whicli is less as the temperature of its 
decomposition has boon lower. The gas which comes 
over is, however, cyanogen absolutely pure. If a large 
supjdy of this gas be required, but not of absolute 
purity, it may bo prepared by mixing boiling solutions 
of two parts of chloride of mercury, and three parts of 
ferrocyanidc of potassium, and evaporating down the 
liquor; the dry mass, which is a mixture of cyanide of 
mercury, chloride of potassium, and cyanide of iron, 
gives out on the application of heat a very large quan- 
tity of cyanogen, nearly pure. 

The properties of this gas are very distinct. It is 
colorless, lias a sharp smell, whicli irritates the eyes. Its 
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sj^ecific gravity is 1 *81 9. If a quantity of cyanide of silver 
be seated up in a strong tube, bent as in Fig, 90, and 
then hoatecl at one end, a, the cyanogen is evolved and 
condensed by a pressure of about four atmo8i)heres, and 


collects at the other end, &, as a colorless liquid. It is 
combustible, burning with a beautiful rose-colored flame, 
and producing two volumes of carbonic add aud one of 
nitrogen. It is constituted, therefore, of equal volumes 
of carbon vapor and nitrogen, the two volumes being 
condensed to one; hence, 0’836 -|- 0*976 = 1 ‘812, is its 
specific gravity. It dissolves abundantly in alcohol 
and water, but these solutions soon undergo very com- 
plex decompositions ; the liquor being found to contain 
carbonic acid, hydrocyanic acid, ammonia, urea, and 
oxalic acid, besides a brown insoluble matter. A 
similar decomposition is produced much more rapidly 
by contact with aqueous ammonia. The composition 
of this brown matter appears to be Nj II 0. It 
dissolves in alkalies, and gives precipitates with tl)e 
metallic salts ; it has been hence termed azulmic acid. 
When heated it gives off cyanogen, which has been 
termed paracyanogen This may be also formed by 
boating cyanide of mercury very strongly. It dissolves 
in hot nitric acid, and the solution gives, with water, a 
yellow precipitate, which combines with bases. 

Cyanogen unite.s directly with hydrogen and with 
lli*c metals, but its oxygen combinations require to bo 
indirectly formed ; there are three compounds of cyano- 
gen and oxygen, wliich are all acids, and are }>olymeric 
bodies. It combines also with sulphur, and its com- 
f)oiinds with tliis clement have a remarkable tendency 
to form double and triple combinations. 

The formula of cyanogen is indifferently written 
Cg N or Cy. Its equivalent number is 26. — Kane, 

Sulphide of IIvduogen is best prepared by acting 
upon the sulphide of iron with dilute sulphuric acid. 
A lively effervescence ensues from the escape of this 
gas, and the solution contains protosulpliate of iron ; a 
gentle heat may be applied to facilitate tlie decomposi- 
tion. In this process water is decomposed, its oxygen 
uniting with the iron, and its h5Tlrogen with tlie sulphur; 
the change may be represented by the following — 

Fo S + HU 8 Oa = E S -f Ff‘ () S Oj,- 

Buipliiilu at Bulphuric acid of Nulphiilo ol iron. 

iron h>iliog«u 

Tliis gas may also be obtained by acting on sulphide 
of potassium by dilute sulphuric or hydrochloric acid, 
in which case tlie result is similar to that already 
given. Sulphide of antimony and hydrochloric acid 
produce, wlieri heated, very pure sulphide of liydrogen, 
the reaction being — 

SligPj, -f 3T1C1 =r filvTla 3 HS. 

Ti'rsulphidu of Hydroi'hlorio I'crcMoridu of Sutchlilt* of 

untliituiiy aoUl. antitnoiiy Itydrugcti 

As sulphide of hydrogen is absorbed by water, it 
cannot well bo collected over this liquid, except it bo 
saturated with chloride of sodium, or he heated to above 
90°, in which case its solvent power is very much dimin- 
ished, It cannot be kept long over the mercurial 
trough, for the load and tin, always present in the mer- 
cury of commerce, gradually decompose it, combining 
with the sulphur, and leaving the hydrogen free ; the 
volume of the gas remains the same during tliis chemical 
reaction. 

This gas is colorless and transparent ; it is charac- 
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termed by tlie fetid odor of rotten eggs, which, in 
fact, owe their peculiar smell to the ijroduclion of this 
gaa daring tlieir putrefaction. Its specific gravity is 
1-177. 

Sulphide of hydrogen gas dissolvefl in water, form- 
ing a solution used extensively as a reagent for most of 
the inohils, from the solutions of which it precipitates 
metallic sulphides of various colors, by which many 
metals are distijiguished. 

Wiicn aqueous sulphide of hydrogen is exposed to 
the air, oxygen is absorbed, whicli combines vnth the 
hydrogen of the sulphur compound, water being pro- 
duced, while the sul^diur is sot free, and api)oars as a 
milky precipitate. The nascent sulphur, however, in 
part absorbs also oxygen, and sulphuric acid is formed ; 
hence the presence of this acid, free, in volcanic springs, 
as in the Kio Vinaigre in New Spain. If a solution of 
sulphurous acid be mixed with sulphide of hydrogen, 
half of the whole quantity of sulphur is precipitated, and 
the remainder is converted into pentathioiiio acid — 



Sul|th(ili* ol bul|>iiur 

will Ia'UjiViWi 


5 HO -I- r»(S()). 

VVuUv'. 

UiiJ. 

Sulphide of Ijydrogeri is highly inllanimuhlo ; if burned 
in a limited quantity of air, the hydrogen is consumed, 
whilst most of the sulphur is deposited. By Tn(jans of 
chlorine or nitric acid, it may be completely do(*om- 
liosed ; hence, chlorine acts as a disinfectant and i)uri- 
tier of sewers or rooms impregnated with the odor 
of sulphide of hydrogen. The annexed rcpi’csenls tlio 
decomposition : — 

+ (J1 11 Cl -f- S 

CLluiiiic Tl)(l)iu liioru) Sulilmr 

i|( id 

This gas is very poison nus; air containing only one 
eigln-hundredtli pait producing death. JSlany of th(! 
metals decompose sulphide of hydrogen, particularly 
when heated in this compound, combining with tlie 
j Milphur, and setting free the hydrogen. Tliis o(;ctirs 
slowW, even at common temperatures; hence metals, 

I as gold and silver, w}ii<*h are not oxidized by the 
air, are gradually tarnished hy sulphide of hydrog(U), 
which, exhaled from decompotaug animal matter, is 
always present in tlie atmosphere. This gas, evolved 
probably by the action of water on the native sulphides 
of iron, at high toinjicraturoB, is a frequent constituent 
j of irdiieral springs, and forms the class of spas tenuod 
! sulplmrous, such as those of IlaiTowgate, Lucan, and 

I trolden -bridge. They are easily recognised by the 

I i fetid odor, by blackening a silver spoon, or by giving a 
! I black or brown precipitate with a solution of a lead 
i I £i.ilt. — Kane. 

I ! A.viMtiNlA. — A full description of this volatile alkali 

I i is given in Vol. L, page 177, et sequitur. 

I j Carc.onic Acid exists in the atmosphere as a pro- 
! duct of comhustion, and of the respiration of animals. 
Combined with metallic oxides, it fonns tlie numerous 
class of native earthy and metallic carbonates, of which 
the carbonate of lime is much the most imjiortant. 


It is a result, also, of the slow decomposition of vege- 
tal substances, and is evolved in great quantity fi'om 
the ground in volcanic countries. In fermenta- 
tion of sugar, it is produced in abundance along with 
alcohol. For tlio purposes of the chemist, it is gener- 
ally prepared hy dccoraiiosing marble, or calc-spar, by 
means of any strong acid; from its cheapness, and 
tlio solubility of the residual salt, hydrochloric acid is 
generally employed. Some fragments of carbonate of 
lime being placed in a wide-nccked bottle, A — ^Fig. 91 
— Iho acid diluted with its own volume of water, w 
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poured ill by iiietuis of a fuimeb as reprcsentiul in the 
fijgure, and the gas which is evolved is coiiducteii 
through the tube, n, filled with fragmonts of recently 
fused clilorido of calcium to remove any moisture. It 
then passes into llie gasometer, to bo made use of 
as rerpiircd. The dcconipOBition is as follows : — j 

Ca 0 COg -f TI c:l ^ Ca Cl -j- 

^ ^ ^ — ^ — ^ 

('aibonuti ot Unit) lly^lrochUjrwi acVtl. of cAUium 

IK) -f OOg 

^ f ^ 

V' au I rnTbtmio ac!>1. 

The gas, owing to jt,s gravity, may be received in a 
wido-mouthed bottle, whieli in tliis case is ascertained 
to be full by applying a lighted taper to the mouth, 
wdien it is immediately extinguished. 

The proportios of this gas arc exceedingly striking ; 
it is eiilircily void of color, and invisible ; it is irrespira- 
blc, ])rodueing, when an attempt is made to breatho it, 
violent spasms of the glottis. If it be inhaled with 
air, even in the proportion of ono to ten, it gradually 
produces stupor and deatli, acting as a narcotic poison. 

Its specific gravity is 1*511 ; hence, when disengaged 
in largo quantity, whetlier by natural operations, or in 
the process of manufacture, it accumulates in all cavi- 
ties within its reach, and may cause fatal accidents 
to animals which enter inadvertently. Workmen en- 
gaged in cleaning out dry wells or vaults, or the large 
vats from which fermenting liquors have been run oil, 
should carefully observe whether a candle can remain 
tor some time burning brightly at the bottom. In vol- | 
canie countries, chasms are freiiuontly occupied to the j 
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level of their Butfoce by thie gas, exhaled from the 
ground ; aiid an exporiment often shown, to amuse the 
traveller, consistB in walking into such a cavern witli a 
dog, which, holding the head near tlio floor, is almost in- 
stantly asphixatod by the inferior layer of carbonic acid, 
whilst men, whoso heads are above the level, breathe 
pure air } the dog, on being thrown into a neighboring 
pond, recovers from the stiipor. Carbonic acid does 
not support combustion, a burning taper hold in a 
jar of it being iiiStantly extinguished; and the high 
specific gravity of the gas may be easily illustrated 
by j)lacing a lighted taper at the bottom of a vessel 
holdiiig air, and taking in the hand another contain- 
ing carbonic acid; on inclining the latter, the heavy 
gas can bo poured into that which contains the lighted 
tai>er — just as water may be emptied from one 
vessel to another— and fallmg to tho bottom, extin- 
guisiies it. 

Water absorbs its*own volume of carbonic acid gas, 
forming a solution possessing an agreeably acid taste, 
and which sparkles when agitated. It changes blue 
litmus hito a wine-red, which, by exposure to the air or 
boat, disappears. By means of pressure, water can be 
made to retain a largo quantity of this gas, which 
i cs(uipc3 witli cirervosccnce whtui the j)ressuro is re- 
I moved, and is thus ilie kisis of a variety of agreeable 
i elVervGscing beverages. Carbonic aedd dissolved in 
' water ])rccipitales solutions of lime and baryta white, 
forming carbonates, which redissolve in an excess ol 
I this acid. 

, Under a pressure of tliirty-six atmosjdieres, carbonic 
' acid may be liquefied. It then forms a colorless, ex- 
i cecdingly mobile liquid, having a specific gravity 0'83 
I at 32 wdiich is remarkable for its excessive expansi- 
j biliiy by heat — this being four times that of air, or 
nearly one i>or cent, for each degree of Fahrenheit. 
WJien the pressure is suddenly iNBinoved from tlie liquid 
acid, it regains the elastic form with such rajddity, 
that, in consetjuence of tho amount of latent heat with 
wliich the vapor combines, and which is abstracted 
from the liquid portion, part of it is frozen to a solid. 
Solid carbonic acid can thus be obt<ained in large quan- 
tity by an apparatus contrived by TuiLoruioit. It is a 
white body in filamentous rnassi’s, like asbestos ; it 
evaporates but slowly ; it is very soluble in alcohol and 
ether; tho latter solution produces by its evaporation tho 
most intense cold Known, estimated at ininm 160°. — 
Kane* 

SuLPJiunous Acid exists at ordinary torapcralurcs 
and pressures in tho gaseous form, but is one of the 
most easily condensable gases. It is always produced 
wbou sulphur is burnt in tho atmosphere, or in pure 
oxygon, sulphur being incaiiablc of passing directly 
into a higher degree of oxidation. In the burning of 
sulphur, the volume of sulphurous acid gas produced 
equals exactly tliat of tho oxygen consumed. 

Wlien desired pure, it is usually prepared by decom- 
posing Bulphuric acid, by means of a metal not very 
easily oxidized, as mercury or copper. The metal 
combines with one ciiuivalent of the oxygen of tlio 
sulphuric acid, and the sulphur with the remaining 
two equivalents of oxygon pass off as sulplinrous acid 
I gas; tho oxide obtained uuitos with the sulphuric 


acid to form a salt. Thus, taking mercuiy' for ^an 
instance : — 

Vs + 2S08 = fiOg + KgO-eOg. 

SiUptaurio aoM. SuJitburoiw acidl Sulph&ta nutfiwy. 

If the temperature be not elevated beyond 200^" in 
this process, it is black or suboxido of morciiiy whicii 
is produced — irg 2 0 — but above tliat degree the red 
oxide — Eg 0 — alone is formed. 

Sulphurous acid gas is absorbed by water ; and hence, 
in order to examine its jiroperties in that state, it must 
be collected over mercury. It is colorless and trans- 
parent, having a peculiar irritating odor, and cannot be 
respired. It is neither combustible, nor a supporter of 
combustion. It possesses bleaching properties, owing to 
which it is used in the arts to whiten straw bonnets, 
com, silk, sponges, and other Bubstanccs ; if a red rose 
be exposed to the flamo of burning sulphur, it becomes 
completely white. 

When this gas is exposed to a temperature at zero, 
it coiidensoB into a li<iuid, v/hicli boils at 14°, and pro- 
duces by its evaporation intense cold. 

Water dissolves about lliirly-scven times its volume 
of this gas; tho solution possesses the properties of 
sulplinrous acid in a very Jiigh degree, and bleaches 
vegetal colors with great power ; when kept for some 
time it gi'adually absorbs oxyg(;n, and Uie sulphurous 
becomes converted into sulphuric acid. 

SiilpliiirouB acid is one of the most feeble acids 
known, and is expelled from its combinations by almost 
all acids but carbonic, to which tlie Editor has shown 
that it boars a most striking resemblance, and this cvim 
extends to the salts of both. 

BisuJiPiilDE OF Cakijon. — This remarkable sub- 
stance is obtained whenever sulphur comes in contact 
w ith red-hot charcoal. Procured in tliis way, it con- 
tains an excess of sulplmr dissolved in it, and must be 
purified by redistillation at a very moderate beat; wlnm 
about nino-tonths have distilled over, by allowing tho 
residue to evaporate spontaneously in a capsule, very 
fln(3 riglit rliombic crystals of sul])hur deposit. 

Tho bisuiphiile of carbon is a colorless liquid possess- 
ing a very disagreeable alliaceous odor. It does not 
mix witli water, but dissolves in alcohol aud ether. 
Suli)hur and phosphorus are soluble in it in 'large 
quantity. Its specifio gravity is 1*272. It boils at 
108°, and forms a colorless vapor, the specific gravity 
of which is 2*621. From its volatility, it obtained the 
name of alcohol of mlx^hur* While evaporating, it 
produces great cold; mercury may be frozen by sus- 
pending under the bell-glass a tlicrmomctor, the bulb 
of which is surrounded by cotton moistened with this 
fluid, and rapidly exhausting the air. It is very in- 
flammable, burning with a blue flamo, and producing 
carbonic and suli)hurou8 acids. If a few drops of it 
bo alluw^cd to fall mto a strong bottle containing oxy- 
gen, it detonates when touched writh a liglitcd taper, 
like a mixture of oxygen and hydrogen. When tlie 
bisiilpliide of carbon is heated in contact with a metal, 
carbon is separated, and a metallic sulphide produced, 
which proves it to consist of one equivalent of carbon 
united with two of sulphur. 

1 It is a poworiul sulpliur-acid, combining with tlio 
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sulphides of the alkaline metals, and yielding sulphur- 
salts, which are crystallizable ; with the sulphides of 
lead, silver, copper, et cetera^ it forma insoluble com- 
pounds, which correspond closely in cijmposition to the 
ordinary carbonates. This substance, in fact, exactly 
corresponds to carbonic acid — 0 0, — ^tho sulphur being 
replaced by oxygen, and hence it is often called sul- 
plio-carbonic acid.---ffhnc. 

Nithoobn is one of tiie two gases that constitute 
the atmosphere ; it serves only to modify the olfoct of 
oxygen, and render the air fit and suitable for respira- 
tion : it is called nitrogen, from being the basis of iiitrio 
acid. It is also called by some chemists azote^ from 
its incapability of supporting existence \ but the former 
name is generally used, as a great many other gases 
have not the power of sustaining life. 

Niti’ogcn exists in great quantity in the atmosphere; 

it is readily procured 
by abstracting tbe 

verted* 'over it, tlic 
phosphorus, in burning, unites with the oxygon of tlie 
air, and forms white fumes of phosphoric acid. At first, 
from the gi*eat expansion of tiro air, caused by the high 
temperature of the llaino, some bubbles escape from 
under the edge of the glass, but soon, even before the 
phosphorus ceases to burn, tlio whaler begins to rise in 
the l)cl], and finally, the clouds of pliosplioric acid 


gradually dissolving in the water, the residual gaa will 
be found to occupy four-fifths of the original volume of 
the air, and to bo colorless. Any combustible body 
would answer the same purpose, although not so per- 
fectly as tlie phosphorus. 

Independent of this source of mtrogeu in atmospheric 
air, it may be obtained indirectly from other substances* 
Thus, most animal matters contain nitrogen in largo 
quantity, united to carbon, hydrogen, and oxygen. If, 
dicrefore, some pieces of muscle, or albumen, or gela- 
tin, be boiled in a retort with nitric acid, tbe oxygen 
of tlie latter combines with the carbon and hydrogen 
of the animal substance, forming diiferent compomidF, 
according to the temperature and the proporlions, 
whilst the nitrogen of both is disengaged. 

Nitrogen is a ponnauent gas, colorless, and trans- 
parent; it is absorbed by water only in very small 
(juantity. It is lighter than atmos])hcric air, its specific 
gravity being 0-976, air being I -000. It is characterized 
by the complete absence of the posidvo properties 
which distinguish other gases. Thus it docs not sup- 
port combustion or respiration ; it extinguishes a taper, 
and animals arc suiVocuted in it; but tlieso ellbets 
appear to be due only to the absence of oxygen. — 
Kane, 

Aqueous Vavou. — I t will be necessary merely to 
allude to the aqueous product of the distillation of coal, 
which is water holdiiig in solution — 

Carbonate of ammonia. 

ISiilplialo of ammonia. 

Sulphide of ammonium. 

(Chloride of ammonium. 

Forrocyauide of ammonium. 

Most of these are fully desci'ibcd in Vol. I., page 
183, ei eequitur^ and therefore, being only secondary 
products, need not be further dwelt upen. 

Oily Matters. — T he oily portion consists of— 
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Constituents of heavy oil of tor. 


The Kditor having learnt that the little information 
with reference to Uiese iiiferedients, which is given in 
tlie treatises on gas hitherto published, has been felt 
as a want, will now refer to them individually; be- 
cause, altljongh secondary in point of importance, they 
are highly interesting, as being so intimately connected 
with the manufacture of coal-gas, which will constitute 
the principal subject of this article : — 

Tolml , — When tolu balsam is distilled, there passes 
over a large quantity of benzoic, mixed with a little 
cinnamic acid, and a yellow liquid, which is a mixture 
of tolaol and benzoic ether. By redistilling this, so as 
only to collect the portions which pass over between 
265'' and 285^ a distillate is obtained, which, when 
deprived of benzoic acid by distillation with solid caustic 
pota 8 Ba,.poB 8086 efl the properties which belong to toluol. | 


It is a colorless limpid liquid, having an odor like 
benzol, volatile without residue, and boils at 22G®; the 
density of its vapor is 3*246. When it is acted on 
by concentrated nitric acid, and water afterwards added, 
an oily fluid is obtained, which is nitrotoluid, C,^ II, 
NO^, or, according to tlie PIditor, toluol in which one 
equivalent of hydrogen is replaced by peroxide of nitro- 
gen. By the action of sulphide of ammonium upon 
nitrotoluid, a yellow oil, which gradually solidifies into 
a crystalline mass, is obtained. To this substanco, 
which acts as an organic hanCj the Editor gave the 
name of toluidin. 

It crystallizes from its hot alcoholic solution in large 
broad plates. It is soluble in pyroxylic spirit, sulphide 
of carbon, and the fat and volatile oils, with the same 
facility as in spirit of wine; it is very sparingly soluble 
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in water; it has a viuous arocoatic Buaell and huming 
taste ; it has no action upon turmeric, but it changes 
red dahlia paper to green. With nitric acid it produces 
a hue scarlet color, whereas aoilin, so treated, assumes 
a blue tinge. The extraordinary crystalline tendency 
which distinguishes the salt of anilin, belongs also to 
toluidiu; its alcoholic solution almost immediately 
solidifies when mixed with an acid. Its salts are in- 
odorous, and, with the exception of the platinum and 
palladium compounds, colorless. 'It gave on analysis 
the following : — 

'J'bnory Editor. 

14 Eqs. of carbon, 84 .... 78-50 78*53 

9 Eqs. of hydrogen, .. . 9 8*41 8*01 

lEq. ofnitrogou,.... 14 .... 13*09 .... 12*86 

lEq. oftolaidin, 107 .... 100*00 .... 100*00 

Cumol occurs with hydrocyamid in Roman cumin 
oil, which, when distilled in an oil-bath, parts with a 
volatile acid, the hydrocyamid, at 165“, and in the 
residue the cumin oil remains as a colorless liquid, 
retaining a strong odor of Roman cumin oil, and a 
sharp burning taste; boils at 220®. By the action of 
cyanide of potassium, cumin oil is converted into a 
jiroduct resembling benzoin; in the air, and by the 
influence of oxidation, it yields cuminic acid. If cumin 
oil bo boiled a long time with nitric acid, there is ob- 
tained nitrocuminic acid, * 

Anilin, — This base, which lias the same constitution 
as picolin, exists in coal-tar oil, as well as in I)ipi*ll's 
oil; tliat which, by fractional distillation of the mixed 
bases, passes over at 182® is anilin. If suliihido of 
hydrog(‘n be transmitted into an alcoholic solution of 
nitrobeiizid, saturated with ammunia, sulphur is sepa- 
rated, and shortly the wliole stiflens at O® to a mass 
consisting of yellow crystalline needles; if this be 
heated to 212"*, the solution filtered away from sul- 
phur, and tlic filtrate distilled until the contctits of the 
retort separate into layers, then is the lower one anilin^ 
which is purified by distillation. It is a colorless fluid, 
stiongly refracts light, has a penetrating odor, tiisLe 
sharply burning, specific gi’avity 1*020, boiling point 
182®; easily soluble in cold water, alcohol, and ether; 
if the aqueous solution be warmed it clouds, a portion 
of anilin being separated; it does not possess an alkaline 
reaction, but coagulates albumen ; in contact with hy- 
drochloric acid it forms a white vapor. When anilin is 
exposed to air it absorbs oxygen, and becomes yellow, 
brown, and resinous. A few drops of fuming nitric 
acid added to anhydrous anilin produce a fine blue 
color, which on slightly heating the mixture becomes ' 
yellow, and violent action ensues, sometimes followed 
by explosion; otherwise, tlic liquor passes through 
various hues, and crystals of nitropicric acid are ulti- 
mately formed. When anilin is added to a solution of 
hypermanganate of potassa, biuoxido of manganese, 
oxalic acid, and ammonia are formed. 

If to a solution of chloroxide of calcium — bleaching 
powder — anilin be added, a deep violet color is obtained, 
which in the presence of acids becomes rod. By these 
reactions, anilin is distinguished from the other bases 
which have the same coiiStitution. With the acids, 
anilin forms crystallizable inodorous salts, which are 
soluble in water and in alcohol, and which in the moist 


air soon become rosy-red. Anilin precipitates the salts 
of the protoxide and sosquioxide of iron, alumina, and 
oxide of zinc. Cyanide, ferrocyanido, and sulpho- 
cyanide of potassium, do not react upon salts of anilin ; 
tannin causes a brown precipitate. 

Ficolm occurs in DippeIi^b oil, as also in coal-tai*, 
and in each part thereof, which, on distillation, goes 
over first, together with anilin. It is more volatile 
tlrnii anilin, and can, therefore, be separated by frac- 
tional distillation ; what passes over at 133® is pure 
picolin. It is a flowing liquid of a strong, penetrating, 
somewhat aromatic smell, and sharp, burning, bitter 
taste; still fluid at 17°, boils at 133°, specific gravity 
0*965; mixes with water, alcohol, and ether in all 
proportions; it is not precipitated by a solution of 
bleaching powder, does not coagulate albumen, reacts 
alkaline. Nitrate of silver, chlorides of barium and 
strontium, and sulphate of magnesia, aro not apparently 
affected by picolin; tannin causes a white caseous 
precipitate. It combines with the chlorides of mer- 
cury, platinum, tin, and antimony. If picolin be 
added to a solution of chloride of gold, fine lemon 
crystals are obtained. The salts possess the property 
of crystallizing. 

Leucolin or Qxdmlln . — This base is found in the 
least volatile portion of the basic oil of coal-tar, and is 
also formed when quinin, cinchouin, strychnin, and 
thialJin, are heated with potassa. It has a disagreeable 
odor, and boils at 460® ; its specific gravity is 1*081. 
It neutralizes acids, forming difficultly crystallizable 
salts. Its refractive and dispersive power is as high 
as that of bisulphide ofcaibon. 

Hydrate of Phenyl^ or Carbolic acid . — Laurent 
obtained from that jiortion of the oil of tar which boils 
between 300® and 400®, carbolic ackl^ a compound 
which it has been found convenient to represent as the 
liydrated oxide of a radical which has been termed 
phenyl. It is obtained by agitating the oil with about 
twice its volume of aqua pouring ofl* the 

watery portion, and saturating it by hydiocliloric acid. 
The carbolic acid separates in the form of a heavy oil, 
which may be purified by continuous distillation over a 
small quantity of caustic potassa. 

Hydrate of phenyl is a colorless oily liquid, neuti-al 
to litmus paper, of a high refractive power, specific 
gravity 1-062. It has a penetrating odor, a pungent 
burning taste, and acts powerfully on the skin; it 
occasionally assumes the form of acicular crystals, which 
fuse at 94® and boil at 368®. It is slightly soluble in 
water. It forms crystallizable salts witli tlio alkalies, 
which, however, retain an alkaline reaction ; in 
of its properties it resembles croasote. It unites wit!) 
sulphuric acid to form sulphocarbolic or sulphophenic 
acid ; with chlorino, bromine, and nitric acid, it yields 
various compounds. 

Naphthalin is readily procured by the distillation of 
coal-tar, but its quantity is considerably enlarged if 
chlorine be transmitted into the menstruum, or if the 
latter bo treated with bleaching powder, water, and 
sulphuric acid. Naphthalin always passes over lost in 
the distillation of tor, mixed, however, with paranaph- 
thalin, from which it is separated by treatment with 
alcohol, in which menstruum the latter is insoluble; 
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both bodies are deposited if tho distillate be cooled to 
10°. Naphthaliri is purified by recrystallization from 
the hot alcoholic solution; it crystallizes by slow eva- 
poration ill thin, white, rhombic leaflets, and by slow 
sublimation in white, extremely light flakes of peculiar 
odor, and burning aromatic taste ; insoluble in water, 
readily soluble in alcohol, ether, acetic acid, and a 
solution of oxalic acid; melts at 79°, boils at 212^"; 
specific gi'avity 1*045. Easily distils witli vapor of 
water is inflamed with difficulty, and burns with a 
sooty flame. 

ParanaplUhalin or Anthracin, which is found in 
coal-tar, is obtained by the method given in connection 
with naphthalin. It is procured pure by repeated dis- 
tillation. Its properties are similar to those of naph- 
thalin, but it does not fuse below 300°; completely 
sublimable; insoluble in water, scarcely soluble in al- 
cohol or ether, but easily in oil of turpentine. If 
anthracin is boiled for a few minutes with nitric acid, it 
is converted into a yellow niass accompanied by evolu- 
tion of nitrous acid; tho mass stiflens after cooling, 
and if it be then washed with water and treated with 
ether, a substance remains which has not been tlioi oughly 
investigated. This bo(ty melts at a high temperature, 
and by cooling congeals to a mass consisting of long 
needles. 

Pf/ren is isomeric with anthracin, and is found in hir , 
from wood, coal, and oil. If the last be distilled until 
one-fourth remains, and tho residue agaiu submitted to 
distillation in a small retort until there is only carbon 
left, a reddish substance is obtainc,d, which consists of 
pyren, chrysen, and cmpyreumatic oils; if this mixture 
bo treated with ether, tho chiysen remains, and if tlie 
ethereal extract be slowly evaporated, tlie y>yren is then 
proci[>itat(jd. It crystallizes from tho boiling alcoholic 
solution in clear rbombohedrai prisms ; melts at 170'" to 
180°, and stitfens crystalline ; inoiloroiis, tasteless; insol- 
uble in water, little soluble in ctlicr and alcohol; on the 
contrary, readily soluble in oil of turpentine, lloilcd 
with nitric acid it gives a combination, which consists of 

2^is[0 which two equivalents of 

hydrogen are replaced by two of peroxide of nitrogen. 

ChrifscM . — Tlie production of this body is stated in 
connection with the preceding; it appears as an inodo- 
rous and tasteless powder; insoluble in water and alco- 
hol, and scarcely soluble iu c.tlior and oil of tui pentino ; 
fuses at 230° to 235°; solidifies crystalline. If it be 
boiled with nitric acid, it is completely dissolved, and 
a compound results, the composition of which is 
doubtful, but tho Editor is of opinion that it must liavo 

the fonnula 

Besides these, there are various undoscribed oils. 
Of these products, which are all contained in tar, it will 
be perceived that there is only oxygen in one, and this 
possesses acid properties. The first three are neutral, 
and constitute rectified coal naphtlia. Three are alka- 
line, and contain nitrogen. The other four are solid 
and neutral. It is remarkable how few of the pro- 
ducts of distillation have any oxygen, and liow much 
they differ in tliis respect from tliose of wood; and 
that, where the oxygen does enter into combination, it 


produces compounds having no illuminating properties, 
namely, carbonic oxide, carbonic acid, and water; 
and that, in one instance, it unites with a compound of 
carbon and hydrogen, producing an acid oil that is 
found in very small quantity in the tar. 

The nitrogen of the cool forms ammonia, cyanogen, 
and a few alkaline oils; the latter is discovered in 
minute quantity in tho tar. The products are nearly 
all compounds of carbon and hydrogen ; and respecting 
tliese it is further to be observed, tliat when tlie hydro- 
gen exists in greater quantity than tlie carbon, as in 
carbide of hydrogen, wliicli contains two equivalents of 
hydrogen to one of carbon, the compound is perma- 
nently gaseous ; this gas lias been subjected to a pres- 
sure of thirty- two atmospheres, and to cold 106° below 
zero, without liquefying. Olefiant gas, in which carbon 
and hydrogen exist in equal proportions, but in which 
two volumes of hydrogen and two of carbon are con- 
densed into one volume, is durably gaseous ; 
is liquid; whilst naphthalin, 11^; paranaphthalin, 
lf,a; pyren, 0^^ Hg; chrysen, 11^, are solid. It 
may bo safely asserted, that whore the carbon and 
hydrogen exist in an equal number of equivalents, the 
comjiound will be gaseous, unless a very largo number 
enters into liio combination. 

Choice of Gas Coal. — What, then, are the practi- 
cal inferences to be drawn from these statements? Jii 
the first place, it will be manilest (hat tho greater tho 
fpiuntity of hydrogen, and tho less oxj^gen and sulphur 
a cannel or coal may contain, tlie better it will be for 
g.io making ; for the latter two rob the coal of a portion 
of its hydrogen, which is thereby pi evented from 
uniting with a ])oition of caihon for the production of 
an illuminating gas. The coal should be selected as 
free from iron pyrites and siilpliate of lime as possible, 
and lumps or masses of these should he thrown out, 
as they often occur in such a form in rlie coal. 

Effects of WA rEit. — The cosl should ho moder- 
ately dried before being used, which can only be se- 
cured by its being stacked under cover, otherwise the 
rain would keep it saturated with moisture. The water, 
in its decomposition in the retorts, furnishes oxygen to 
the carbon of the coal, impoverishing the gas, whilst 
tlie hydrogen ol the water does not combine with the 
carbon of the coal, but is liberated. 

When the vapor of water is passed over red-hot 
coke and coal, and analysed, the resulting gas is found 
to consist, in a hundred volumes, of fifty-aix of hydro- 
gen, twenty-nine of carbonic oxide, 15*8 of carbonic 
acid, and light carbide of hydrogen only two-hundredths 
of one per cent. It contains no olefuvrd gas whatever ; 
this experiment is quite conclusive against tlie use of 
water or steam. It is evident that there are no pro- 
ducts of the decomposition of water by red-hot coal or 
coke that possess any illuminating power. It has often I 
been proposed to pass steam irUo the retorts during the 
dwUltalion of coal^ hut such a proceeding could have no 
good effecty but the contrary. When it is considered 
that fifty per cent, of the whole of the gases proceeding 
from tho decomposition of water by red-hot carbona- 
ceous matter is hydrogen, it must be evident that tliis 
product would not only diminish the light of the gas 
with which it was mixed, but would give out such ao 
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amount of heat during the burning of it as would render 
the use of auch gas almost insupportable. The coal, 
then, should be dry ; but it has been shown that air, 
passed between seams of coal, has been deprived of a 
portion of its oxygen, which must have combined with 
the carbon and hydrogen of the coal, and by so much 
have impaired its quality ; further, it has been stated 
that coal and cannel are continually giving off gas — 
fire-damp — and this teaches that coal should be dried 
quickly and then used. 

Distillation of Coal. — A few remarks may now 
be made on the changes which take place during the 
manufacture of gas by the distillation of coal in red- 
hot retorts. The nitrogen in gas is entirely derived 
from atMOspJieric air^ admitted into the retorts during 
the charges, and by leakage in tlie apparatus, and is 
not a product of the decomposition of coal at all ; it 
need not, therefore, be hirther dwelt upon. 

The quality and illuminating power of the gas will 
bo affected, not only by the quality, composifton, and 
condition, wet or dry, old or recently obtained, of the 
coal or cannel, but 1)}^ the degree of heat employed in 
its preparation, and the mode in which the operation is 
conducted. The chief }»roductB of the distillation are 
compounds of carbon and hydrogen, and these alone 
yield light ; but of these, some are solids, others lajuids, 
and some gaseous. The Yirst two are of no value for the 
})iirpoBe of illumination, because their physical condition 
HS solids and licjuids precludes their use. Ti'c gaseous 
are three : one containing very little carbon — carbide of 
liydrogen — and, therefore, emitting very little light ; the 
other tw'o very rich in carbon — olefiant gas and volatile 
carbides of hydrogen — and giving light, though in small 
quantity. Mixed witli tliese are •found, besides the 
usual impurities — sulphide of hydrogen, ammonia, 
carbonic acid, ct cetera — two gases, hydrogen and car- 
bonic oxide, constituting the chief hulk of the mixed 
coal gas, which have boon mentioned, but which are 
never evolved in natural operations. They arc not 
necessary products of the process, but result from the 
mode of distillation. 

The volatile hydrocarbons in coal gas, the exact 
nature of which has not yet been detennined, and the 
proportions of which in the mixture are valuable, 
probably consist of propyl en^ Faraday’s gas, 

Cg Ilg, and benzol, 0^^ Tl^^, with pcrhfi]»a a portion of 
Mansfield’s allyl. In Leigti’s earlier experiments 
on coal gas, which had been made from a different 
cannel to what is no\v employed at the Manchester 
Gas-Works, he found, pretty uniformly, that each 
volume of the gas, condensable by sulphuric acid or 
chlorine, required four and a half volumes of oxygen 
for combustion; Bubsoquently, he ascertained tliat, 
when richer caimels were used, the condensable gases 
required a still larger proportion of oxygen for combus- 
tion. The fact, that a greater amount of carbonic acid 
is produced on exploding the gas with oxygen, than 
would proceed from a body of the series C„ 1I„, shows 
that some other hydrocarbon, the carbon of which 
exists in a greater ratio to the hydrogen tlmn in this 
series, is to Imj found in coal gas. 

When the number of equivalents of carbon in a com- 
pound exceeds those of tJie hydrogen, it is, within cer- 


tain limits, liquid * beyond these limits, solid : thus 
benzol, 0,^ in which the carbon is double the hy- 
drogen ; toluol, Hg ; and cumol, C,g Hjj, are liquid ; 
—whilst naphthalin, 0,^, Hg ; paranaphthalin, Cgg Hjg ; 
i pyreii, 0^ Hg ; and chrysen, 0,^ are solid. 

The coibides of hydrogen may be conveniently 
divided into three classes. In the first, the number ot 
equivalents exceeds that of the hydrogen ; they are 
very rich in carbon, as benzol; these are cither liquid 
or solid, and would give great light could they be burnt 
but yield much smoke. In the second, tlie equivalents 
of carbon and hydrogen are equal in the compoundly 
as olefiant gas, volatile carbide of hydrogen ; these ar/j 
gaseous, hut condensable by great pressure and intense 
cold, and give much light. In the third, the equivalents 
of hydrogen exceed tliose of carbon ; those are altoge- 
ther uncondensablo, and give little light. When coal 
and similar organic matters are distilled at a compara- 
tively low temperature, the carbon has a disposition to 
pass off with little hydrogen ; the liquid carbides ot 
hydrogen are formed ; there is much tar and little gas, 
but the latter is rich. As the temperature rises, tlj(‘ 
liquid carbide of hydrogen diminishes in quantity and 
gaseous carbide of hydrogen increases ; there is more 
gas and loss tar. The lieat still rising, the gaseous 
products become richer in hydrogen, and poorer in 
carbon ; light carbide of hydrogen is formed in abun- 
dance ; and at length, the temperature becoming still 
more elevated, pure hydrogen is evolved, as is always 
ob.^nrvcd in the last hour’s distillation in gas-making. 

It is a well-known law of organic chemistry, that the 
higher the temperature, and the more advanced tlie 
decomposition of tlie substance, the simpler are tlie 
products. 

When olefiant gas is passed through red-hot tubes, 
or lime, or, in fact, over any highly heated surface, it 
deposits a portion of carbon in a solid form, and escapes 
as a mixture of carbide of hydrogen and hydrogen. 
The same thing Lfkui has proved of naphtha, which 
deposits carbon in like circumstances, and is resolved 
into simple products. 

TJic affinity between carbon and liydrogen seems to 
diminish with the temperature. 

Is it not prol)able, that in tlie distillation of masses 
of coal, compounds rich in carbon arc first formed, the 
carbon being in excess of the hydrogen ? as the pro- 
duct rises in temperature, it deposits a portion of its 
carbon, the equivalents of hydrogen become equal, and 
a rich gas is formed; but this, getting still hotter, 
deposits more carbon ; the hydrogen is now in excess, 
the gas is poor and gives little light; the heat still 
increasing, the affinity between the hydrogen and 
carbon is entirely disrupted, the remaining carbon is 
deposited, and pure liydrogen given off. Certainly all 
this can be effected artificially ; and that it is so to a 
large extent in gas-making, is evident from the thick 
lining of almost pure carbon which soon forms in the 
interior of gas retorts, and whicli must proceed from 
the decomposition of the gas by the red-hot surface — 
must he deposited from it, in |act. Still there are, 
probably, three products at least of the decomposition 
of a liquid carho-hydrogen : solid carbon, a gaseoua 
product containing much hydrogen, and a solid hydro- 
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carbon having much carbon, tlie elomcnta being di- 
vided amongst eacli other. When naphtha vapor is 
pa<i«:ed over red-hot quartz, it deposits carbon, gives 
olT olefiant gas and light carbide of hydrogen, and 
forms a crystalline compound, naphthalin. With those 
facts, is it not reasonable to conclude, that there is a 
temperature at which, in the process of decomposition, 
olefiant gas and volatile hydrocarbon should be formed, 
and wliich yet should be unable to decompose these 
into compounds poorer in carbon, the intensity of de- 
composition being proportionate to that of the heat? 
The Editor agrees with Leigh in thinking there cannot 
he a doubt that there is such a temperature, but it 
nmst be far below that at present employed for the 
manufacture of gas. Let the present system of gas- 
making be examined, says Leigh, and the true source 
of the hydrogen and carbonic oxide, so invariably found 
in gas, and constituting so large a portion of its bulk, 
will be seen. It may be premised, that when car- 
bonic acid is passed over red-hot coke, it is resolved 
into carbonic oxide, by taking up an additional equi- 
valent of carbon. 

When compact masses of coal are thrown in heaps, 
of a hundredweight and a half, into retorts heated to 
a bright redness, as is now done, they are exposed to 
two very diflerent conditions : the surface of the mass, 
the exterior, in contact with the intensely hot retort, is 
instantly decomposed and charred ; hydrocarhons, as 
olefiant gas, et cetera^ arc eliminated, which also, at 
this temperature, are partly decomposed and converted 
into light carbide of liydrogen and pure hydrogen, with 
deposition of carbon, which, with some undecoinposed 
olefiant gas and volatile hydrocarbons, pass off from 
the retort. The interior of the mass, on the other 
hand, is for some time cx])osed to a very moderate 
heat, and a simple distillation is accomplished ; tiioso 
compounds that are formed at a comparatively low 
temperature, the heavy hydrocai boris, which would 
ordinarily be in a liqui<l state, arc eliminated ; a portion, 
rising into vapor as it reaches the hotter surfiicc, passes 
off with the gases formed, and condenses again when it 
has left the retort in tlic form of tar ; but that portion 
i of tlie vapor which, in its passage, comes into contact 
with the red-hot surface of the exterior of the mass and 
of the sides of tlie retort, deposits a portion of its car- 
bon, and is resolved into simple compounds, olefiant 
gas and volatile hydrocarbons, which themsedves partly 
undergo the change already described. As the heat 
penetrates to the ceidre, and a red-hot mass of chaiTcd 
material of considerable thickness comes to surround 
tlie decomposing coal within, as liappens towards the 
end of the distillation, the whole of the hydrocarbons, 
namely, light oils, volatile hydrocarbons, olefiant gas, 
."iTid even light carbide of liydrogen itself, that are 
eliminated, arc decomjsjsod in passing over such an 
extent of heated surface, and pure hydrogen is almost 
alone evolved. The carbonic oxide, which is formed 
from the union of the oxygen of the coal, and of the 
air admitted with the carbon of the coal, is also 
partially decomposcd||duriug the wliolc of the pro- 
cess, but in an opposite direction ; not by depositing 
carbon, but by taking up more, and being conveiled 
into carbonic oxide, which is evolved with the gas. 


These are the true sources of the hydrogen and car- 
bonic oxide in gas ; they are not necessaiy results of 
the distillation, but products of tlie decomposition of 
the distilled matter. It has been perfectly asceitained 
by Leigh and other chemists, that when olefiant gas 
is passed through a nearly white-hot porcelain tube, it 
is entirely decomposed, depositing the whole of its 
carbon, and giving off pure hydrogen. 

The greater the heat employed, tJien, in the process 
of gas-making, above a certain limit — namely, that 
requisite for the decomposition of the liquid hydrocar- 
bons — the greater will be the bulk of the gas, and the 
poorer its quality ; the more light carbide of hydrogen, 
hydrogen, and carbonic oxide it will contain, and the 
less volatile hydrocarbon and olefiant gas. The 
analysis of the gas will, therefore, furnish a test of tlio 
excellence of the process employed in the manufacture, 
and a check on the workman, by exhibiting, in the 
relative amount of hydrogen, and of the illuminating 
hydroc^bon, whether the heat lias been too great. A 
large quantity of gas may be made from coal, and very 
badly made. The mere amount of ga^ produced ia no 
proof of the excellence of the manufacture, 

Carmel yielding eleven thousand feet of gas per ton, 
of specific gravity I'GOO, would furnish, for every Iiuii- 
dred pounds distilled, about — 


Poanrti 

Gas, 22-2:i 

Tar, 8-riO 

Ammonia water, 9'f>0 

Goke, 59-75 


100-00 

These proportions will vary considerably, but still 
the numbers will *roprcsont a general average of pro- 
duce. It has been sliown above, that considerably 
more than onc-lbird of the weight of the gas produced 
is distilled from the canncl in the fonn of tar, whicli 
contains, and i.s almost entirely composed of, the richest 
carbo-hydrogen, and v^ery litllo oxygon ; wliilst the gas, 
as it contains only about forty -five per cent, of com- 
pounds of carbon and hydrogen by measure, amounting 
to about half its weight, lias really only eleven pounds, 
or something near that number, of carbo-hydrogen, 
and of this only about four pounds will be olefiant and 
richly illuminating gases. So that the tar truly holds 
as much illuminating matter, or nearly so, as exists in 
the gas — not twice as much, as would appear from tlie 
numbers ; for it must be borne in mind, tliat in the oils 
composing the tar the carbon exists in much greater 
proportion than the hydrogen — one of the lightest, 
benzol, being a compound of carbon, twelve ; hydrogen, 
bix—naphtlialiii and the solid carbides being represented 
by carbon, twenty ; hydrogen, eight ; and even higher 
proportions of carbon. So that, in the decomposition 
into illuminating gases, much of the weight must be 
lost in the form of deposited carbon. It will bo 
now tolerably apparent, that in the form of distilled 
matters nearly one-half of the illuminating portion 
derivable from coal and cannel is lost to the gas. 
It is probable that a perfect system of gas-making 
would produce, from good cannel, a compound con- 
taining twenty per cent, of olefiant or other illuminat- 
ing gases. 
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Manufacture.— The procefis followed at the Liver- 
pool gas-works, where the purest gas in the kingdom 
is produced, will first be cursorily described, so as to 
give tlie reader an insight into the manufacture ; and, 
subsequently, the several parts of the apparatus will be 
treated of fully and separately. 

The mode of decomposing the coal is a point of 
great importance ; because, upon its successful results 
the advantages of gas-lighting, as far as respects eco- 
nomy and profit, principally depend. 

The vessels employed for distilling or carbonizing die 
coal are called retorts, and may be cither of cast-iron 
or fire-olay. Fig. 93 shows a general plan of tlie gas- 
works above-mentioned, and Fig. 94 a sectional view, 
in which A A represents the fire, and B b the retorts. 

To introduce the coal into the retort a shovel is 
used; hut in stations having small ones, the coal is 
placed in a long semicircular iron shovel, or scoop, which, 
being inverted, spreads it in thin la}'er8, so that every 
portion of it may be exposed to the action of hSt. In 
order that the required substances may be evolved in 
Hufticient quantities, there must be the requisite amount 
of caloric; for if a piece of coal is to be extended to two 
hundred and seventy times its bulk, the licat applied 
iiiufft be equal to the force requisite to produce a sopa- 
1 at ion and expansion ofjts equivalents. 

The lieat should be suflieient at I lie outset to extract 
the luaximuTij quantity of gas. During the first two 
or three hours, the greatest proportion of tar is pro- 
iluced. This is accounted for on the pri[icij»le, that the 
temperature in the retort is not high enough to main- 
tain the material in a gaseous form, and hence the 
large amount of tar. If the retort should be too hot, 
some of the heavy gas will be decomposed, depositing 
part of its carbon, and forming light carbide of hydro- 
gen; if, on the eon^^iry, it is not sufficiently hot, 
there will ho formed, as just stated, a large proportion 
of tar, and tho gas will be light and of a bad quality. 
The charge should not be left in too long, as tho hist 
portions consist chiefly of hydrogen and carbonic oxide, 
both of which have a most Injurious elb'ct upon the 
quality of the products. The process requires five, six, 
or eight hours, according to the nature of the coal and 
the shape of tho retort. 

Previous to drawing the charge, the lid is loosened 
and a light applied; this precaution is necessary to 
prevent explosion, or what the stoker denominates a 
rap. At large establishments, the retorts are not siif- 
forod to lose their heat, but as soon as the incandescent 
ooko has been taken out of them, are immediately re- 
plenished with fresh coal, and the operation renewed. 

Inasmuch as the coke is withdrawn in a state of 
redness, the heat reijuired to raise iV to that tem- 
perature is lost. To remedy this, Croll introduced 
the practice of burning the coke as fuel, immediately 
after its removal, and this plan is said to cause a saving 
of ton per cent. 

The dense vapors wliieli pass from the retort are 
conveyed through the ascension pipes, c, Fig. 94, into the 
hydraulic main, H ii, which runs the entire length of the 
house, and to which all the retorts are connected. Its 
position must he perfectly horizontal ; it is used to cut 
off tlie communication between the ictorts, when one 


or more benches arc charging or open. This is shown 
in Fig. 96. One end of it is perfectly closed by means 
of a flange, and the other has a similar one. On the 
top is attached a pipe, through which the gas passes 
to the condenser. In the outside of this end a piece 
of iron is placed, so that the water in tho main is pre- 
served at a certain heiglil^ and cannot sink below the 
proper level required for the operation. An enlarged 
view of this is shown at n, Fig. 96. Tho dip-pipes 
descend so far into tlie hydraulic main, D, as to be im- 
mersed in the water about three inches ; by this means 
the gas is forced to pass through a quantity of litpiid 
before it can enter the upper part of the main to escape, 
and becomes partly condensed, and deposits tar and 
ammonia, but, owing to its siq^erheatod stale, portions 
of these products are still retained, and must be sepa- 
rated by further condensation. To cflect this, the gas is 
convoyed into a double set of refrigerating pipes, F F — 
Fig. 94— closed at the top, and opening into a box, o, at 
the bottom, a section and plan of which are shown in 
Figs. 97 and 98. The latter receives two pijies, and 
constitutes one pair of tlie scries which are united by a 
short connecting-pi i»c at the top, as scon in the draw- 
ing. I’he greater the quantity of cold surface the gas 
is exposed to, the more corijidetc the condensation, and 
a state of stillness materially aids tlio dopositiim of tho 
tar. Tliencc the gas passes tlirough the scrubbers, 1 1 — 
two large towers filled with paving-stones— and at the 
top of which one of the pipes, K K, for conducting 
waicr, which is kejit continually percolating, is shown 
in tho enlarged view of K— Fig. 99. The condensers 
and the scrubbers are relieved of their tar and am- 
monia by the cisterns, L L, which are conveniently 
placed under groniid. The ammonia, being the lighter, 
floats at the toj), niid is therefore easily separated from 
the tar. Ill the articles Ammonia and AsniALT, the 
puiqioscs to which both products are applied are enu- 
merated. From the scrubbers tho gas passes through 
tlie c-xhaustors, m m m — a scries of a]>pai‘atus introduced 
into modern gas-works, for tlic i>iirpose of drawing ofl' 
the gas and relieving the pressure in the retorts. Q'hey 
are worked by a shaft, T, connected with the engine. 

The gas then enters through a pipe, 6 6, into the 
chamber, N, a plan of which is given in Fig. 100. 
From this it is conducted, as shown by the arrows, 
through the dry lime purifiers, o o, where it parts with 
its carbonic acid and sulphide of hydrogen. It is next 
conveyed to tho stalion-metcr, p; thence to the gas- 
holder, q; then into the governor, R, the principle of 
which is illustrated in Fig. 101 ; and, lastly, to the main, 
S, supplying the town with gas. 

Whoever enters, says Doini, for the firet time into a 
retort-house cannot fail to be struck w'ith its appearance. 
The iron roof and floor — the absence of windows, ma- 
chinery, and work-benches — the curious nppearemee of 
the walls, covered over with complical-cd iron-work — 
the darkness of the place— the appearance of the men, — 
all have an aspect of strangeness. But, at intervals of 
every hour or two, and especially at night, the visitor’s 
attention is suddenly awaken^ to a startling scone 
going on within the building. A sot of men are seen 
advancing to one part of the side apparatus ; they turn 
the handles of what ap])car to be screws ; several ex- 
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plosive reports are heard, followed by the removal of 
circular iron doors or covers, about a foot in diameter ; 
a burst of flame then issues from each orifice from wliich 
a cover has been taken ; and, on going in front of one 
of those openings, there will be perceived a mass of 
intensely burning coal, or rather coke, extending back 
to the depth of six or seven feet. Then will follow the 


Fig. 102. 



removal, by means of rakes, of all the burning materials 
from each aperture *, then the hissing and sleatniiig 
consequent on the wetting of tlio coke by buckets of 
water; and, lastly, the re-charging of the heated cavity 
with fresh coals. It is not until after witnessing this 
series of operations that a stranger can rightly under- 
stand the arrangements of such a place. Fig. 102 gives 
some idea of the retort-house. 


Fig. 103. 



Retorts . — As the form of the retorts in which the 
coal is distilled, and tlie material of which they are 
composed, are rnatters of paramount importance, it will 


be desirable to enter fully into details with regard to 
them. They arc usually of cast-iron, seven feet long^ 
and one foot in diameter. 

Tomlinson states that, before being used, they are 
tested by being placed in water, and then forcing air 
through them ; if any flaw exist, it is detected by the 
air escaping in bubbles. Each retort is generally in 
two pieces, which are connected by flanges and screws 
— namely, the neck or mouth^piecCf and the body or 
hinder part, which, by constant exposure to the fire, 
soon wears out, and requires renewal, while the mouth- 
piece is but little aflected. The retort is charged and 
discharged at the mouth, which is closed by a lid, and 
fixed by means of a screw and a holdfast, the joint 
being made tight by a luting of clay, or refuse lime 
from the purifier. The gases which are generated 
from the coal escape from the retort by a wide tube, 
cast into the mouth-piece, and shown in Fig. 103, 
rising up therefrom. TJie best form for the body 
of the^etort for obtaining a largo quantity of gas in 
the shortest time, w'us long a matter of discussion. — 
Tomlinson. 

That shape of retort would be best which would 
bring the wdiole charge into connection with the led- 

Fig. 106. Fig. 106. Fig. 104. 


hot sides. Hence, at the suggestion of Piikciitl, the 
original circular form of retort — Fig. 104"— was soon 
sin)erscdod by the elliptical one— Fig. 105 — and this 
has been improved by bending in the lower surface — Fig. 
lOG. With the same length of 6*5 feet, exposed to the 



fire, one hundred and fifty pounds of coal, when they 
only lialf-fill the retort, will cover, in the round retort, 
a red-hot surface of ton inches in width ; in the oval 
retort, a surface nearly of twelve inches. I'lie layei 
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of ooal^ in the latter retort, is four inches thick, and 
about one-third nearer to the top of tlio retort than in 
the circular form. These advantages, wliich are self- 
evident, are strikingly shown in practice, tho requisite 
time for heating being reduced to nearly one-half. — 
Knapp, 

Fig.. 107 shows the arrangement and position of tlio 
retorts, of which tliere are generally five placed pyra- 
midally in one furnace. Fig 108 is a fror»t view of the 
same. To tiio throe fires of the furnace, A is the door, 
C the grate, and ii the ash-pit, with a well, d — F ig. 107, 


Fig. 108. 



for occiusitnuilly dic ing liine-miul; K is one of' the three 
arches wliieh ]kiss transvev.^ily over each lire and divide 
the llixnie , F is a large arch overspreading the retorts, 
G G, against which the flame breaks and escapes at 
tho side. Tlio coiulueling tubes, 1 1, rise side by side 
alcove the fiiriKiee, j)ahHing beliind a largo horizontal 
tube, II, called the hydraulic main, and lastly turning 
over above it, enter it, dipi)ing down nearly to the 
bottom. As this main, u, is filled with tar, the 
mouths of ihc tubes, l ], are clo.sed, and there is no 
connection establislied belwei'ii the separate retorts. 
One nia}', therefore, he (jjienc'd and charged, williout in 
the least intcilcriiig with the process going on in the 
other. The gri'atcst portion of the tar be])arates from 
the gas in li, wliich latter pas.'sos oil through Iv, wliiLt 
tlic former is carric'd away by tlie tube, l, cuucd for 
the purpose of keeping u lialf-full, tlirough M, to a tar 
cistern, w'hich is shown at L, Fig. 94; n can ho com- 
pletely emptied by moans of tin.* tap, J. 

A very hot flame, mixed with an excess of uncon- 
Gumed air — oxidizing flame — is unnecessary for the 
evolution of gas, and delctoiious, on account of the rapid 
destruction of the retorts which ii occasions; everything, 
therefore, dejieiids upon a uniform, steady lire. The 
destruction of the retorts is iiKU’odihly rapid, .ind de- 
pendent upon several circumstances ; besides the com- 
bustion caused by the hot air of the fu e, the suliihur in 
the coal convei ts the surface into siilpliido of iron, wliich 
molts off, and, lastly, the deposit of carbon in the 
interior, is of no slight importance. This carbon is 
partly in the form of hair-like deposit, partly stalactitic, 
from the dropping of tar, but genondly occui-s as a 
coating, one or two inches thick, in concentric layers, 
aud combined with iron to form grapliito. The specific 
gravity of thc“ie layers increases rapidly from the innor- 
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most layer to those on the outside, from 1*7 to 2*3. 
The outermost contain 1*72 per cent of iron,tlie inner 
layers loss ; sometimes they are so hard, that they will 
strike fire with steel, and can bo polished like glass. 
Carbon, sulphur, and the oxygon of the air, are, there- 
fore, conjointly destructive of tlio retort. The retorts 
suffer most from the air that enters at the door when 
the fire is ])oked, and attacks them whilst red-hot. 
To protect them from this, the stoking-hole is some- 
times situated at the back of the furnace, in a con- 
tinuation of the chimney, when the noxious draft 
passes away without attacking the retort. 

Fire-clay retorts are now extensively used, especially 
in very large works ; and, from all the Editor can learn, 
they arc superior to cast-iron in evciy respect, as regards 
duration and the great quantity of gas they are able to 
produce. One gicat advantage w'hich they possess 
over iron retorts, is the facility with which the carbon 
that accumulates on their interior can be scraped off. 
Iletoi ts made of this material, which are charged and 
drawn at both ends, and are therefore termed through 
or double retorts, have been lately very largely iiitro- 
dilcod; their superiority over single or back-to-back 
retorts consists in the amount of space gained by 
leaving out the partition walls, and also the thickness 
of the ends of single ones. In addition to this, when 
iron retorts are employed, they become so choked 
up with carbon, that tlie charge of canncl has to be 
gradually reduced as tlio area of the interior of the 
retorts decreases. In tJmmyh clays this is obviated ; 
and in order to remove the accumulated carbon, it is 
nnjiely necoRsary to leave the retort mouths open, 
thus allowing a current of air to pass through, and 
the carbon will peel off in flakes if touched with 
0 sharp bar; a poition may also be consumed. An 
iron retort will afford, according to various authorities, 
about Rcven hundred thousand feet of gas, whilst the 
flame length of a through-retort of the same diameter 
has been known to produce six times that quantity. 
The amount of fuel required to heat the through- 
retorts efficiently, is as yet undecided ; some engi- 
neers give it as their opinion tliat the amount requisite 
ifl the same as is necessary for iron retorts, whilst 
otliers affirm that they need a much larger quantity. 
Should the clay retorts become by any means cracked, 
a mixture, conijiosed of the following ingredients, is 
found to be an excellent cement: — 


Tor cent 

Fire-clay, 42 

Ijouin-haiid, 42*5 

(d.iss, .... 10-0 

Chloride of Kudiuiu, T)-!) 


100-0 

This compound is ground well together with water. 
The princi})le of sealing up the gas by a "water lute, or 
hydraulic joint, is, however, tlie same in both cases, 
and affords another instance of tliose beautiful contriv- 
ances for using one fluid in the management and mani- 
pulation of another, which is much lighter and more 
elastic. 

The Pipes for connccUug the Retorts with the Main, 
— The pipes leading from the iv.tort to the hydraulic 
main are not fitted in the retort itself, but into a sopa- 
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rate casting, termed the mouth-piece, which is com- 
monly of the same size as the mouth of the retort, and 
is secured to it hy a flange and bolts. The same 
kind of moutli-piece is used for clay retorts, which, 
instead of a flange, are provided with a ring, four 
inches in thickness and six in breadth, through which 
holes are cut to receive the bolts for securing the 
mouth-piece. 

A bent pipe passes up from the mouth-piece to the 
hydraulic main, the straight part secured to it being 
called the stand-pipe, while the other straight part 
passing into the main is called the dip-pipe. The part 
connecting the dip and stand-pipe is named the bridge- 
pipe, and this part is usually proviiled with two bonnets, 
which can be removed when the pipe requires cleaning. 
The stand and dip -pipes vary in diameter from tliree to 
six inches, a very usual size being four inches. There 
are various modifications in the arrangement of pipes 
between the retorts and the hydraulic main. In Eng- 
land, the stand-pipe usually passes up to a height of 
four or five feet above the main, and is fitted at the 
top with a semicircular bridge, which connoctb it with 
the dip-pipe. 

Th^ Hydraulic Main . — This is a tube or trunk, ii, 
Fig. 94, usually but not always of cast-iron, extending 
the entire length of the retort house, and varying from 
twelve to eighteen inches in diameter, and generally 
five-eightlis to three-fourths of an inch in thickness, 
when made of cast-iron. Wrought-iron. hydraulic 
mams arc now beginning to be used, and will probably 
altogether supersede cast-iron, on account of their 
lightness and strength. These arc usually made of 
larger diameter than the cast-iron, and put together in 
longer lengtlis. They are formed of three eighths of 
an inch boiler plate. The ring forming the main is 
composed of two circular plates, and one flat piece on 
the top. These plates are made of two breadths, 
namely, about three and two feet, and about five feet 
six inches in length. They break joint with each 
other, having their line of division alternately on 
opposite sides of the main, whicdi is constructed in 
lengths of twenty-throe feet, and at each end of this 
liiiigtli, there is a flange three inches wide. At the 
end of each length, and also midiway, is a division 
plate seven inches deep in the centre. 

Tlie cast-iron mains are generally of such a length 
1 as to reach over two benches, and the joints are made 
with bolts and nuts, and iron cement, in the usual 
manner. In old works, the hydraulic main is usually 
a circular tube; but of late years, D-shaped mains have 
been frequently employed, generally with the flat side 
downwards. 

The hydraulic main, when first brouglit into action, 
is filled to about one-half with water, but the Uir 
contained in the gas which passes into it is deposited, 
80 that the sealing liquid changes its character, and 
becomes nearly all tar. 

The hydraulic main being filled to the above height, 
the end of the dip-pipe passes through the water to a 
depth of three or four inches. The gas from the retorts 
is then conveyed througli the dip-pipes, and bubbles 
up through the water, till it arrives in that part of the 
main above the surface of the liquid. The hydraulic 


main, therefore, is the first receptacle in which the gas 
is collected, after its separation from the coal. 

It perhaps will not be out of place to call attention, 
in passing, to the simple yet admirable contrivanoo ex- 
hibited in this apparatus, which is partly filled with a 
dense fluid for the purpose of forming a perfectly air- 
tight and gas-tight chamber, and cutting off all com- 
munication from this chamber to the retorts, while the 
passage of gas from the latter to tlae former is entirely 
free and open. Its modus op&randi will be evident, if 
it he considered tliat the extreme lightness of the gas 
will always cause it to pass upwards through tlie tar, 
while, once arrived over its surface, it has no power 
whatever to displace the tar, and pass backwards. 
This exquisite contrivance is termed tlio water-joint, 
and the hydraulic main constitutes its first application 
in the gas manufacture. It is by this roetliod that the 
chemist is enabled to store and confine liis gases in the 
receivers of the pneumatic trough, and thus, by the use 
of denser fluids, such as water and mercury, to imprison 
the most volatile forms of gaseous matter in a mode 
which, for delicacy and subtilty, infinitely excels every 
scheme of mere mechanical fitting. It will be seen 
hereafter how largely this valuable principle of scaling 
up the aeriform fluids hy denser ones, through which 
thtjy can pass in one direction but not in the other, 
has been applied in the purifier, the gas-holder, and, 
in fact, in everything connected with the collection, 
storing, and distribution of the gas. At present, it 
may be sufficient to point attention to the value of this 
])roperty, ilerivcd from the diflereiil densities of fluids, 
which gives botli to the chemist and manufacturer a 
power over the aeriform bodies, which they could not 
hope to obtain hy any other means. 

Each of tlio pipes thns dijiping into the tar of the 
hydraulic main freely delivers the gas produced iii its 
own retort, and the liquid cflocjtually i)revenl8 its return. 
However numerous may l>e the pipes entering into it, 
whether they contain gas oi net, find whether the 
retorts are working or not, it is im[)Ossible that any gas 
delivered above the surface of the tar in tlie main can 
escape back. 

The lengtli of the dip-pipes should not l>e less than 
three foot, and is frequently made as much as five, in 
order to prevent the tar rising in the dip-pipes con- 
nected with the empty retorts as high as the bridge- 
piece. It is obvious that the pressure of gas from the 
working retorts will force the tar up a short distance 
into the empty dip-pipes, but tliis seldom equals three 
feet. Ah the hytlraulic main is generally half filled 
with tar, its diameter must he so regulated that the 
latter forced up into the empty dip-pipes will not so 
far diminisli the depth in the main as to uncover the 
ends of the former, because this would simultanoously 
unseal every one of them, and the gas would immodl* 
ately escape. 

The hydraulic main is sometimes placed in the solid 
structure of the brick-work over the retorts, but more 
frequently a little in advance of the ends, in whicli case 
it requires to be supported hy columns. The hydraulic 
mains at the Great Central Gas-Works, London, are in 
the shape of a reveased D, eighteen inches in height and 
the same in width. There is one on each side of the stack 


GAS — -The Exhausteb. 


139 


retorts. They are oast iu lengths of nearly ten feet, 
so as to reach over one bench of retorts, and the joints 
are placed over the centre of the arches. Their 
thickness is five-eighths of an inch, witli a two and 
three quarter fiange at the ends of each length. The 
upright pillars to support Hie mains are hollow columns, 
seven inches at base, six inches at top, and five-eighths 
of an inch in thickness. A pillar is placed in the centre 
of each length, and the opposite pillars are tied together 
by bars of inch-round iron stretching entirely across the 
bench of the retorts. 

Each length of the hydraulic main is usually pro- 
vided with a partition, the top of which is level with 
the surface of the fluid, and the object of which is to 
keep it to the same height in every part of the main. 
Of course, where so much depends on the effective 
sealing-up of the ends of Hic dip-pipes, every care 
must be taken to fix tbe apparatus in a perfectly hori- 
zontal position, from end to end. When the hydraulic 
main is cast-iron, the holes to receive the ends of the 
dip-pipes are cast in it, and the flanges of the same 
arc secured to the main by nuts and bolts, the joints 
being made with the usual cement, such as that em- 
ployed for attaching tlie moutli-pieccs to the retorts. 
When the main is of wrought-iron, the top is formed 
by a flat piece, to which ^the wroiiglit-irou circular part 
of the main is attached by rivets, and in this flat piece 
the holes for Iho dip-pipes are out by hand. One end 
of the hydraulic main is closed by a plate having the 
same section at the outside fiange of tho main, to 
which it is bolted and secured by iron cement. A 
similar plate is also bolted at the other end of the 
main, but this jdate is provided with an orifice usually 
about half tlie diaiuetor of tlie main itself. The lower 
part of this orifice is immediately above the level of Hie 
fluid in Hie hydraulic main, and the orifice itself cor- 
responds with the exit-pipe, which conveys away the j 
gas to the condenser. The flange of tho exit-pipe is 
bolted on to the perforated end-jdate of the main. It 
is usually provided, soon after leaving tin's apparatus, 
witli a (lesceiiding pipe to carry olT the tar into the 
cistern below the condenser. The lower end of this 
descending pipe must be scaled cither by its dipping 
several feet into the tar of the cistern, or into a small 
vessel which communicates witli the latter. The de- 
scending pipe to carry off’ the tar is not absolutely 
necessary at this place, because Hie same office is 
sometimes performed by the 8iphon-])ipe at the first 
bottom bend of the condenser. — Hwjlm, 

Cmdenser and Scrubber . — A separate account of 
these is unnecessary, as the reader w'ill fully under- 
stand their use and purpose from the description given 
o‘‘ them at page 133, as well as by referring to them on 
the general section, F i k, page 135, and enlarged 
view, Fig. 99. 

The Exhamter . — In describing this apparatus, which 
has been introduced into modern gas-works for Hie 
purpose of drawing off the gas and relieving the pres- 
sure in Hie retoiis, Mr. Hughes gives some interesting 
particulars, which ore appended. The modern refine- 
ments insisted on with reference to the purity of tho 
gas, all contribute to increase Hi is pressure, as, every 
time the gas passes through a fluid of greater density 


than itself, a resistance is occasioned) which adds to 
the pressure on the retorts, and this, at length, be- 
comes so great, that means must be resorted to for 
diminishing it. In the first place, the contrivance of 
sealing the dip-pipes in the hydraulic main, requires 
the gas to force its way through several inches of tar 
before it can escape from the retort, and this is the 
first obstruction it meets with. In many works where 
dry lime is used in tbe purifiers, the gas is conveyed 
through water in the wash-vessel, where the gas is 
again resisted, and the pressure of course increased. 
In the dry lime purifiers and in tho scrubbers, it is not 
considered that any sensible hindrance is opposed to 
the passage of the gas, but in some works both a 
washer and a series of wet lime purifiers are used, in 
which the force imposed becomes considerable, and an 
exhauster is found almost indisjiensable. Tbe weight 
of the gas-holders also adds materially to the pressure 
in the retorts. 

About twelve years ago it was ascertained by Mr. 
Grafton, in the course of some experiments at Cam- 
bridge, that tiie carbonaceous deposit in the retorts 
was duo almost entirely to the pressure on the gas. 

! Previously to this discovery, it was generally considered 
by the most sciciitilic authorities that the carbon was 
due to high degrees of heat, and too great an extent of 
heating surface. In addition to the injury of Hiis deposit 
to tho retorts themselves, causing them to bum out with 
great rapidity, and tho expense of frcqueuHy removing 
it, there is every reason to suspect that some of the very 
best constituents of the gas, namely, the volatile car- 
bides of hydrogen, are decomposed and condensed in 
the deposit, and that the gas is thereby much impaired 
in quality. In addition to this, the pressure causes an 
increase in the quantity of tar, an effect which never 
takes place except at the expense of the gas. Mr. 
Grafton conducted his experiments in such a way as 
to show very practically Hie truth of the conclusion he 
had arrived at. By increasing the pressure till it be- 
came equal to a column of fourteen inches of walor, be 
j)roduced in a single week a layer of one inch Hn’ckness, 
and at tho expiration of two months it had filled up 
nearly one-fourth of Hic retort. During this experiment 
an accumulation weighing ten hundredweight and twenty 
pounds was produced by the carbonisation of sixty- 
seven tons of Wall’s End coal. Another trial, under 
entirely opposite conditions, was then made, all pressure 
being taken off except that arising from half-an-inch dij) 
into the fluid of the hydraulic main. Under Hiese cir- 
cumstances, when the retort was again worked with the 
same description of coal for four months, scarcely any 
deposit had taken jdace. 

The earliest form of exhauster used was a pump on 
the principle of the Archimedian screw, which was used 
for pumping the gas from a higher to a lower point, level 
with the surface of a small reservoir of water. Tho 
screw revolves in an opposite direction to tliat required 
for pumping up or raising liquids, and, at each revolu- 
tion, the upper mouth of Hie helicoidal canal takes in a 
certain quantity of gas, after which lollows Hie water. 
Tho gas descends along the spiral canal of Hie screw, 
in proportion to the rate of revolution in the latter, and 
having reached the lower extremity of the canal, passes 
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off by a pii>e, with an excess of pressure, measured by 
Hie height of the surface of the water above the lower 
extremity of the screw. 

Anotlicrkind of extractor, which docs not require so 
ra})id a movement as the Arcliimcdian screw, consists 
of a circular drum witlifoiu* divisions, formed by curved 
I)latcs proceeding from tlie centre to the circumference. 
The wheel revolves in a cistern filled with water to 
the height of three-fourths the diameter of tlie wheel ; 
and each of tlie chambers, formed by the divisions, 
carries down below the surface of the water a certain 
jiortion of gas, wliich is delivered out of tlie drum into 
a pipe passing off at the level of the centre of the wheel. 
This pipe opens into a chamber containing water about 
an inch higher than the upper surface of the pipe, and 
the dilforenco of level between the water in the cistern 
and in the chamber which the gas now occupies indi- 
cates the difference of the pressure. If the force he not 
sufficiently reduced by passing the gas through one 
ilnini of this kind, it goes on to a second or a third, till 
the required diminution has been attained. — lluylies. 

Probably the most improved form of exhauster is 
that used at the Tjivcrtiool works, of which there are 
two sets, of three each, in operation. Exhausters be- 
come indispensable where clny retorts are employed, 
these being porous in their nature. They necessarily 
take up some space, but repay the outlay, as the oscil- 
lation shown on the inlet j)ipe does not alter more tluui 
half-an-iueh, whilst other exhausters are known to vaiy 
many inches. Their construction is veuy simple. A 
pipe from the scrubbers runs under the tbree exhauster 
cylinders, with branches to roach to the heiglit of three 
feet; at the top of the branch ])ipo there is a valve, and 
a holder of sheet-iron fits loosely over this, uhicdi has 
also a valve upon it. The space between the iid<*t 
pipe and outer cylinder is filled with water, in whicli 
the gas-holder works. When the latter ascends, the 
gas is drawn through the inlet valve, while that afiixi'd 
to the gas-holder is closed by pressure from above; on 
its return the upper valve opens and the lower one 
closes. Bkch holder discharges at every revijlntioii of 
the shaft about ciglitccn feet, and tlnis the gas is 
pumped from the retorts. Each cylimli r is connected 
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to the other by branches, placed near the top for the 
purpose of passing the gas tlirough the purifiers, to 
which it is guided ])y tl»e centre valve. They are 
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worked by a shaft, T, connected wiHi a steam-engine, 
as shown in Fig. 94. 

The Centre Valve of Purifier b . — At the majority of 
works as many as sixteen or even more valves are used 
for the puri>oso of guiding the gas into and out of the 
purifiers. But, by the adoption of one centre valve, 
as is done in the Liverpool works, the necessity for a 
number is obviated. 

Fig. 109 represents a front view of this most impor- 
tant part of tlio role of the gas-making apparatus, in 
which one purifier, n, with wliich it is connected is 
shown in elevation, and anolhor, \i% in section. Fig. 110 
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is a plan ol ilu' same indicating the positioii of the four 
])uriiicr8, u n' h" and the inlet and outlet pipes t 
and fiom each, by whi^li tlic gas is uaide totrv'*"* i>e tli 
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whole. In tiic geneiiU view — Fig. 94 — this valve is 
seen in section, and FiV. Ill shows it more perfectly. 
In the elevation and plan. Figs. 109, 110, A is the valve, 
which is so constructed that the gas entering it by the 
inlet pipe. A^, jiasses through an opening, as shown at 
a, Fig. Ill, and thence flows through a conduit to 



i 
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the first of three purifiers it lias to traverse ; the outlet —after having overcome the pressure of the column of 
which conducts it to division 2), enclosed by the dotted water in the tank, phi8 the pressure in the gas-holders 
line, causing it to pass into the inlet of the second puri- —will pass, and bubble up through the Ihne-water. 
fier ; the same arrangement answers for the outlet of 
second and inlet of third purifier. From that of the third, 
it enters through d to the division for one pipe, at the 
top of which thoro is an opening equal to the area of 
the pipe, throiigli which the gas enters the upper part 
of the valve box. From this branches a duct which 
conveys tlie gas to the meter, as shown at F, P"ig. 94. 

The blank division represented in the plan — Fig. Ill 
— throws out of action the fourth purifier. 

Circular pipes would answer till jnirposes as well as 
the rectilinear ones shown in the drawings, but a larger 
box would be required. 

Limk Puiiii'irui. — Of all tho substances which have 
boon resorted to for the dcpunition of gas from sul})hur 
compounds and carbonic acid, lime is the most univer- 
sal^ and the choice does not arise from its cheapness, 
but morti on account of its superior effect in arresting 
those products which deteriorate illuminating gas. 

It is employed in two states: in the one case the 
a])paratus is termed the wet lime purifier, from the E 4s an arm made to revolve on tho spindle, s ; the 
lime being made into a cream witli water, and used parts e c of this arm continue through tlie aperture and 
in this condition ; the other is known ns the dry lime over the ring, serving to keep the lime from settling, 
purifier, in which quick lime, barely slaked, is resorted or ohstrucling the passage of the gas. F is the outlet 
to. Their comparative 'bfliciency is matter of dispute for the purified gas. a is a stuffing-box, through which 
among gas-makers. the spindlo, s, passes. H, a mitre-wheel, connected to 

Both those have an unequal repute fo»' efficiency a water- wlioel or steam- engine, for turning the spindle, 
among gas-inakers ; but their merits will he best made i is a pipe, through which tho lime-water is drawn off, 
known to the icinh'r by giving a few brief descriptive when it has become saturated with the impimties of 
sentences upon each. tho gas. It will bo observed, that by this contrivance 

Wet Lime 7'z^/v//V7-.— Fig. 112 is an elcvational sec- the water can he completely drained off', by opening a 
tion of a lime machine, and Fig. 113 a plan through slide-valve bolted to the flange of the pipe, K, without 
iid ill Fig. 112. A is the inhit pii) 0 , through which the suffering tho gas to escape along witli it, because a 
gas passes into the chanihcv, li, which is four feet dia- column of water will remain in the tube, l, equal to the 

lieight of tlie bottom of the tank, measured from the 
•■''K inner radius of the curve of the tube, namely, twelve 

inches, which is always more than sufficient to over- 
come the pressure of the gas in the purifier, when the 
valve on the inlet-jupe, a, is closed, whicJaPshould be 
(lone before that at K is o])oned. L is a cylindrical 
vessel, open at the top, for filling tlie purifier; it also 
servos to show the »piantity of water required ; when 
the machine is at w(u-k, the column contained in the 
vessel will be higher than that in the lank, by the 
pi’ossure of gas in tho gas-holdoi's, usually about three 
inches. 

At the end of 1813, an explosion of a serious nature 
took place at tho Westminster station, owing to a 
volume of gas escaping from the purifier, which was 
placed in a building near the retort-house, C( .ruing in 
contact with the flues of the retorts. The windows of 
meter, jointed to the lid of tho purifier, and supported several hoi^ses in the neighborhood were shattered, 
upon two cast-iron beams, c. On to the bottom flange and Mr. Cr.EGa was severely injured. The recurrence 
of this chamber, a circular ring of thin wrought-iron of siicli an event was afterwards guarded against, by 
plate is riveted, of such a diameter that its outside rim drawing the refuse lime-water througli a bent pipe, 
will be within five inches of the tank of the purifier, as shown above, always containing sufficient water to 
I) is a boop, supported from the tank by bolts, d d, seal it. 

ct cetera^ liaving its upper edge level with tlio before- Tho lime-water may be mixed in a cistern— having 
named plate, and its lower edge four or five inches its bottom above the level of tho water in tho purifier 
below it. The space left between this hoop and the when filled, and furnished with an agitator worked by 
ring is three-eighths of an inch, through which the gas hand — and drawn off by a hose into any of the ma- 
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chines, care being taken to keep the mixture well agi- 
tated while j)assing. The proportions are one measure 
of paste-lime to three of water; that is, to every five 
bushels of paste-lime a])out one humlreJ and twenty 
gallons of water must be added. The size of the lime 
machines ought to be so regulated, that they will contain 
Buflicieiit lime-water to purify the quantity of gas made 
in twenty-four hours, without having occasion to fill them 
higher than the water-line shown in the engraving. 

Four lime machines arc necessary, two being in 
action and two ont, alternately. When that machine 
is spent through which the gas first passes, shut it off, 
and open a third, leaving the second to perform the 
duties of the fimt, and so on. The following extract 
from Mr. Clegg’s journal expresses his ojunion on the 
construction and use of lime machines : — 

The grand principle in the construction of a lime- 
water purifier, is to divide the gas as minutely as pos- 
sible, at the same time avoiding unnecessary j)r(‘ssure. 
If the machine be well constructed, seven or eight 
inches pressure in the machine is quite sufiieient. 
Two sets are necessary, in order to have a pair clean 
and ready for immediate use. Tht? practice of working 
the contents of the vess(‘l over again, by passing them 
from one to anoilicr, is mistaken ecnnoniy. 

The work performed by a limc-wah'r puiificr is 
generally computed by its contents in gallons, and the 
head of w’ateror pressure opj>oBcd to the passage of the 
gas through it. Taking the latter at a constant (pian- 
tity of eight inches, the coraymialion is easy. Four 
thousand five hundred cubic inches of hydrate of lime 
— which, as has been before stated, is the quantity 
produced by reducing one bushel, or two thousand one 
luindred and fifty cubic inches of quicklime — mixed 
wuth forty-eigbt gallons of water, will purify ten thou- 
sand cubic feet of gas, if [)ropeily applied. 

Notwithstanding, however, that the quantity of lime 
required may ho well known, it is necessary to test the 
gas in its progress through the various purifiers. In 
some cases it is advisable to use the lest every twelve 
hours, or^fteiier, in districts, for instance, where coal 
is of inferior and various qualities. Every morning, 
as soon as the superintendent aiTivcs at the wmks, he 
ought to tost the action of his purifiers, more osi»ecially 
if ho has received a fresh supply of coal or lime. It is 
necessary only to drop a piece of paper into the plumb- 
ous solution, and hold it to the escape-hole of the puri- 
fier. The slightest coloration indicates impurity. 

Drif lime purifier consists of a square iron box — two 
are sliown at o o, Fig. 94 — six feet long by five feet 
wide, and three deep. The inlet i)ipc is eight inches in- 
side diameter, and enters at the bottom of the purifier. 
A few inches above its mouth is fixed a plate about tw-o 
feet square, which serves the j)UTpo 80 of distributing 
the gas and preventing any of the lime falling into tlic 
inlet pipe. The purifier contains three trays or sieves 
placed six or eight inches apart, and resting on siuiggs 
cast on the inside of the purifier : each tier contains 
four trays, each tray being about two feet eight inches 
by two feet four inches, so tliat one purifier contains in 
all twelve trays or sieves, the bottom of each being 
comjiosed of round roils, five- tenths of an inch dia- 
rofitor, placed about half an inch apart. The top of 
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[ Uie purifier is an inverted box, six feet by five, and 
i with sides and ends ton inches deep, fitting into a 
water lute twelve inches deep, so tliat the gas is en- 
closed by a seal of at least ten inches in depth of 
water; the outlet pipe passing out of the lid of the 
purifier is eight inches inside diameter, and is made in 
the form of a semicircle, tlie inside diameter of which is 
two feet ; the other end of the semicircle joins another 
pipe that is fixed. Each end of the semicircle outlet 
pipe liipa into an annular space containing ten or twelve 
inches depth of water, so as to form a water seal similar 
to that described for the cover of the purifier, nicse 
water joints greatly facilitate the removal of tlie semi- 
circular pipe and the cover of the purifier whenever 
roiiuircd for the purpose of cleaning out or otherwise, 
without breaking any solid joint or doing injury to any 
part of the machine. Mr. Clegg states that two 
bushels of the hydrate of lime will spread over a surface 
of sieve equal to twenty-five square feet, witli a depth , 
of two and a half inches, which, in practice, is found 
about the best thickness; and that this quantity, which 
is equal to one bushel of quick-lime, will, in some 
places, purify ton thousand cubic feet of gas, while in 
other places double the quantity of lime will be required. 

Jn most of the French gas-works the hydrate of lime 
is placed upon beds of moss, which are first spread on 
the trays, or the latter contain alternately a layer of 
moss and one of lime. I’lio use of the moss is to sub- 
divide the gas into the thinnest iioasible sheets and 
streams, so that every particle of it may be brought 
into contact with the lime. 

The purifiers generally used in the Fnuieh gas-works 
are from three to four and a Imlf feet in depth, and 
they are generally made circular, from four to eight 
feet in diaTiieter, according to the size of tlie works; in 
these are placed tliree or four trays, wliich contain 
layers of lime and moss. When the lime is spread 
ii])on moss, it is usual to employ rather less than a 
bushel of lime per square yard of purifier. In most of 
the French gas-works the (piantity of lime used for 
purification is at the rate of two and a half bushels per 
ton of coal, which yield, on an average, less than seven 
thousand cnhic feet of gas per ton. The usual calcula- 
tions witli them is, tliat a purifier with an area of one 
square metre, or ton and three-quarters feet, is required 
for every ten hectolitres — two thousand eight hundred 
pounds — of coal distilled. This proportion is nearly at 
the rate of one square yard of purifier for each ton of 
coal distilled. The calculation is made on the quantity 
of coal distilled in twenty-four liours, this being the 
interval at which the lime in the purifiers requires to 
he renewed. It is also made on the supposition that 
the purifiers contain tliree layers of lime, so that the 
proportion becomes three square yards of screen con- 
taining lime for every ton of coal distilled in twenty- 
four hours. The cover of the imrifier is made of light 
boiler plate, provided with a border or rim, which dips 
into a ring surrounding the purifier, and filled witli 
water, so as to make a perfectly hydraulic joint. 'I’lie 
cover is also fitted with handles, by means of which it 
can be removed when the lime requires to be renewed. 

Tlie lime removes from the gas carbonic acid about 
two per cent., and sulphide of hydrogen about one per 
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cent. If the gas be properly purified, a paper dropped 
in a solution of acetate of lead, and held in the gas, will 
turn black if sulphide of hydrogen be present ; if the 
gas be passed through lime-water, a milkiness will be 
produced with carbonic acid. 

The dry lime purifier is generally preferred as being 
more handy, less noxious, and offering but little resist- 
ance to the gas, et cetera. Sesqiiioxido of iron has 
lately been inti’oducod into the trays of the dry lime 
purifier. It ought to answer well, removing the sul- 
phide of hydrogen completely in the following manner : 

Fcj Oj, -f. 3 II S = 2 (Fe S) + S 3 11 0 
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The resulting sulphide of iron would be of value to the 
manufacturer of sulphuric acid. 

Station Meter^ or Memnrcr^ is used for the purpose 
of ascertaining the quantity of gas produced from the 
coal ; likewise as a check upon the men’s work ; and 
also for comparing the gas sold through the consumer’s 
meter witli that delivered from the works. The prin- 
ciple upon wdiich it is constructed is ns follows The 
part of the meter by wdiich the gas is measured is called 
the drum, shown at P, Fig. P4; it is a cylindrical 
vessel, supported at the front and back by an axis, and 
divided into four soparatib compartments. These are so 
contrived, that whilst the gas is entering on one side 
through the inlot-jiqie, it is passing out at the sauje 
lime from another compartment at the opposite end, 
and, in its attcmjit to escape through the wattT, iinjiarts 
a rotatory motioTi to the drum proportioned to its ca- 
jiacity and the quantity of gas allowed to pass through 
in a given time. The jirimary cause of this motion is 
the impulse communicatod to the gas from the retort, 
technically called pressure. The action of the meter 
depends on its being filled to a certain height with 
water, over the surface of which the gas is transmitted; 
the use of the water is to close the ap(;rturo througli 
which the gas enters the drum, and it also gives the 
latter a stoadior motion. 

At the front of the meter a scries of wheels are 
worked by n shaft communicating willi the axis of the 
drum, which, by means of tbe index, aie registered in 
cu])ie feet — from ten to ten millions feet of gas niaiiii- 
faclured during any period. The station meter em- 
ployed at Athol Street, Liverpool, is constructed to 
register seventy thousand cubic feet per hour — one 
revolution of the drum wdll pass about six hundred and 
fifty. It is the largest of the kind ever made. Fig. 114 
is a front view of it. On the face is a tcll-taUy which 
servos the purpose of pointing out every irregularity 
in the production of gas during the twenty-four hours. 

The following accurate description is given by Tom- 
linson : — 111 the centre of the cHaUfieJd — Fig. 114 
— ^is fixed a circular plate connected with a train 
of wheel-work, set in motion by an enclosed drum, 
through which the gas passes, indicating tens of 
thousands, hundreds of thousands, millions, and tens of 
millions of cubic feet of gas. Upon this round plate is 
fixed a disc of paper, divided into twenty -four parts, 
with subdivisions. Suppose the meter to register 
three hundi-ed thousand cubic feet in twenty-four 


hours, and the plate to be connected by wheels in the 
ratio of three to one to that index, which marks one 














hundred thousand in one revolution ; it is evident that 
the distifnce travelled by one of the twenty-four divi- 
sions of the plate from a certain fixed point, will indi- 
cate the quantity of gas made in one hour, or — 

= twelve thousand five hundred cubic feet. Above 
this divided disc is a timepiece, to the minute-hand 
of which is attached a detent, furnished with a pencil, 
pressing by a spring upon the disc. As the minute- 



hand of tlie timepiece revolves, the pencil, by means 
of a guide fixed to the metcr-case, is regvdated, so that 
in the first half-hour it will make a vertical line upon 
the paper, in length equal to the diameter of the circle 
formed by the minute-hand, measured from the centre 
to the point at wdiich the detent is fixed ; in the seeond 
half-hoiu- the line will bo retraced by tlic hand rising 
again. This arrangement supposes the divided disc to 
be stationary ; but, as it is made to revolve on an axis, 
which is also the axis of the internal drum, sot in mo- 
tion by the gas, tlio pencil will make a series of curved 
lines, meeting the divided circle of the disc every hour, 
and the distance travelled from point to point will mark 
the number of cubic foot of gas made during every hour 
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of the twenty-four. If the production of gas is regular, 
the figures formed by the pencil will be so also ; if, on the 
contrary, any neglect has occurred, the irregularity of 
the figui'c will detect it, and point out Uie hour and the 
amount of difference; because, if the si)ocd of the 
revolving disc be decreased, the figure fonned will 
ai)proach nearer to the straight line ; if increased, the 
points of intersection upon the divided circle will be 
further apart. The case of the statiou-meter is usually 
greatly oruamented, and boars an appropriate inscrip- 
tion. — Tomlimon, 

Gas-Holder . — The next subject for consideration is 
the gas-holders, or vessels in which the gas is stored 
ready for delivery into tlie mains, which distribute it 
throughout the districts to be lighted. These vos- 
scls were originally termed gasometers, which name 
is even sometimes now applied to them ; but as they 
have nothing whatever to do with the measurement of 
gas, but are merely vessels of capacity, the simple name 
of gas-holder appears more expressive and appropriate. 

The earliest gas-lioldore were made in the form of 
rubes or parallellupipeds ; but there were disadvantages 
ill tliis sliape, indejicudently of the waste of material 
reciuircd to construct them of this form, as compared 
with that for a circular one of tlie same cajiacity. 
The corners and angles of the square figures were also 
found to need bracing, and oilier precautions were 
necessary, in order to render the resistance tniiform. 
Wooden tanks were also at one time made for the lift- 
ing psrt of the gas-holder to work in, but this was at a 
time when tliey scarcely exceeded in size some of the 
large vats or backs in use at the groat porter breweries. 
The construction of these wooden tanks was^in fact, en- 
trusted to the back makers, who used to guanuitee the 
duration of tlie vessel for some pcriinl of'timc agreed on. 
They were, in consequence, generally constructed in a 
substantial manner, but it is evident tliat the ra{)id 
increase which took place in the size of gaS’hoJders 
required the adoption of a diflereut material than wood. 
When a deputation from the Ibiyal Society, with Sir 
J,>st:pu Banks at its head, visited the gas-works of the 
chartered company in Westminster, about the year 
1 Hi 4, they strongly recommended government to restrict 
tlie company from constructing gas-holders exceeding 
six thousand feet in capacity, to be confined in very 
strong buildings. When Mr. Clegg published his work 
in 1841, he gas-holders are now couslTuctcd to con- 
tain two hundred and fifty thmimnd feet. In 1853 all 
the new giis-holders of the Great Central Gas Con- 
sumers’ Company contained four hundred and twelve 
thousand feet, and tliere is one in PliilaJoIphia one hun- 
dred and forty feet in diameter, and seventy feet high, 
capable of containing more than a million cubic feet. 

The modern gas-holder is a cylinder of plate-iron, 
made of sufficient capacity to contain the maximum 
quantity of gas produced in twenty-four hours; and in 
v(;ry large works, where several gas-holders are used, 
the joint capacity of all should be equal to tliis maximum 
profluction. In many gas-works the cupacit}'^ of all ilie 
gas-holders soraewhat exceeds the consumption of the 
longest night, but it is believed this excess in capacity is 
unnecessary. The cylinder which contains the gas has 
no bottom, or it may bo described as a cylinder inverted 


over a cistern of water, both the inlet and outlet pipes 
having their orifices above the surface of the water, so 
that the gas is hermetically sealed up witliin the liolder, 
and can only escape tlirough the outlet pipe. The mode 
in which gas is stored in the gas-holder bcare a very e.x.act 
analogy to tliat of collecting and storing pursued by the 
chemist in the laboratory, where the jar to be filled is 
inverted over a trough containing water, and the gas 
admitted into it by a bent pipe passing up tlirough the 
water. In the chemist’s metliod, however, the jar of 
gas-holder remains fixed, whUo the water is displaced by 
the gas ; in the gas manufactory, on the other hand, the 
water is not displaced, but the gas-holder is raised by 
tlie gas flowing in. — Hughes, 

The Kditor deems a further explanation of this 
apparatus unneijessary. The reader will liavc a very 
good idea of the mode in which it is suspended by 
referring to Q, Fig. 1)4. Mr. Alfukd King states that 
the pressure on the gas-holders varies from three to 
five inches — columns of water — but the distributing 
piessure, which is regulated by an instniment called a 
governor, about to bo described, alters, according to the 
elevation of tbe district supplied, and the Lour of the 
day or night, from four-teiitlis of an inch to two inches. 

The (lovernor, — I’liis is one of those ingenious sedf- 
acling machines which are equally admirable for their 
cfiicicncy and simplieily. It is jdaced between the gas- 
holder and the prineijial main pijie, in order- to regulate 
the jireSHure of gas admitted into the latter, and acts 
quite independently of any irregularity duo to the un- 
e<]ual action ol the gas-holder, or to oilier causes. I'lie 
governor is inqiortant in another iioinlof view, namely, 
where a town lias several difi'erent stages of eleVtatioii, and 
where, without some coiiirivanee, the pressure of gas 
passing through llie mains would vary very much on 
each dilferent stage. Jt lias been found by experiment 
that the ]>ri\ssure in a main varies at t.he rate of one 
hundredth of an inch for every foot of rise or fall. 

In the case of a district being below tlie works, a 
govcrncu is seldom necessary, tlie wiii’ks being generally, 
as a matter of convenience, jilaced at a tolerably low 
level ; and it is found praetioally that a district lying even 
thirty feel heluw tlie woiks may he lighted without the 
inlerventiun of a governor to increase the pressure, as 
the diminution due to the difference of level would be 
only three-tenths of an inch of iirossure. But governors 
are eK])ecially necessary in towns, such as Bristol, Batli, 
Kdinburgh, Liverpool, Lincoln, Nottingham, Exeter, 
and many others wliich have difieroiit stages of elevation ; 
because the gas, as it readies tlie higher part of the 
town, will act witli so great a pressure as to produce 
very serious h^akage in the pipes, besides the disadvari' 
tage of giving the iijipor districts an undue proportion of 
light at the expense of tlie lower. Separate governore 
for the regulation of pressure at different stages of ele- 
vation arc not considered necessary,. unless the ground 
has a rise of about thirty feet ; and in order to carry out 
the prinei[>lo of uniform pressure to the utmost ad- 
vantage, there ought to bo as many governors as tho 
quotient of the whole elevation in feet divided by thirty. 
Every gas- work for lighting a town should have at least 
one governor, to regulate the pressure of gas passing 
from the gus-holdors into the first main. Many towns 
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ill liat situatious, which have no elevations much ex- 
ceeding thirty feet, will require only tliis one, but in 
other very hilly towns it would be advantageous to have 
several smaller governors to regulate the pressure for 
their different levels. 

The governor is merely a miniature single-lift gas- 
holdor — shown at R, Fig. 94 — suspended from the 
centre, and furnished with an inlet and outlet pipe, 
the former having a conical piston suspended in it 
— Fig, 101 — which regulates the admission of the gas 
in the reverse ratio of its pressure. The lifting part 
is usually a cylinder of very thin sheet-iron, about 
five times the diameter of the inlet pipe, so as to 
give plenty of room for the two pipes to stand inside, 
and leave a space above for the gas to occupy in passing 
through the governor. The tank is made of cast-iron 
plates, of a circular form, usually somewliat less in depth 
than the diameter, and with the capacity of about two 
cubic feet for every ten thousand feet of gas required to 
bo passed through in twenty-four hours. Thus, a tank 
about five feet four inches diameter, and four feet six 
inches deep, will be snlficient for a governor to pass 
three hundred thousand cubic feet ot gas in twenty-four 
hours. The lifting part or invert cylinder, R, is about the 
same depth, and about four inches less in diameter. 
The inlet pipe, which mayjie about twelve inches or 
less in diameter, is provided with a flange at the base, 
and is screwed to the bottom of the tank, where it 
passes up the centre through the water contained in 
the tank. The top of the inlet pipe is also provided 
with a flange, on which is screwed an annular casting, 
which contracts the opening to eight inches. In this inlet 
pipe is suspended a solid cone of iron, varying from 
six to fifteen inches in diameter at base, and about two 
at top. Tliis cone is suspended from and attached to 
the centre of the roof of the lifting cylinder, R, so that the 
cylinder and cone rise and fall together. To the centre 
of the roof, on the outside, is attached a chain pass- 
ing over a pulley, wliich sustains, at its other extre- 
mity, a weight so adjusted as nearly to balance the 
weight of the conical piston. It is evident that, when 
the pressure of gas is very small, the cone descends, and 
allows a largo escatie from the top of the inlet pipe; and, 
on the other hand, when the pressure increases, the 
cone will rise and contract the openings, so as to cause a 
diminished quantity of gas to enter. Of course the per- 
fection of this action depends on an accurate adjustment 
of the weight, and when once this is cfl’ected, the reg- 
ulation of pressure is so perfect as to leave nothing 
to he desired. The gas, when once admitted into ’ 
the space above the inlet jiipc, finds no impediment to 
its progress, and passes off by the outlet pipe without 
farther hindrance. The cone is nsually made of cast- 
iron, and is turned true in the lathe. The orifice at the 
top of the inlet pipe is also bored true, and of a conical 
form, so as to fit the base of the cone. The regulation 
of the weight and courilcrbalancing chain is very simple, 
and needs no further description.— 7/ 

The Houec-Metcr, — This meter, by wliich the con- 
sumer registers his consumption, consists of one hollow^ 
drum or cylinder, revolving about a horizontal axis 
within another hollow drum or cylinder, the inner drum 
being divided into compartments for measuring the gas, 
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and revolving in water which occupies the lower part 
of the outer cylinder to a height above the axis, about 
which the inner drum revolves. The details of the 
construction may be varied, but the wet gas meters 
have this common feature, that the gas is measured in 
the compartments of a drum, which compartments are 
occupied successively by gas and water, the drum being 
made to revolve by tlie pressure or elastic force of the 
gas acting on the compartments of the drum in suc- 
cession. The revolutions of the drum being registered 
by suitable apparatus, the quantity of gas wliich has 
passed tlirough the meter, by so filling the compartments 
in succession, will bo accurately measured. 

In Fig. 116, the outer circle represents the outer case 
or drum of the meter, within which a drum divided into 
compartments, A, r, c, d, revolves about an horizontal 
axis, e. The gas to be measured is brought into the 
motor by a jiipo passing horizontally in the direction of 
the axis of the inner and outer cylinder, and turned u]> 
at the end, so that its 
orifice, a, may stand 
above the water level, 
f,g. The four com- 
partments, A, R, c, D, 
arc similar in every 
respect, each having 
an inlet, &, by which 
the gas enters the y 
compartment, and an 
outlet, Cy by which it 
passes out of 1h(3 
compartment into the 
upper part of the 
outer case, whence it 
may pass by a pipe, 
h, in any convenient 
direction. The gas being admitted into tlic meter, 
will pass the inlet, h, into the part of the compart- 
ment, D, which is ju.st rising out of the w^ater; the 
gas presses equally on tlic surface of the water and 
on the side, 4, of the compartment, D; tlic effect of 
this prcRsnrc on the sid(3, h, is to cause the inner 
drum to i evolve, wdiereb}' the comi»artmcnt, ii, is 
raised more and more out of the water, and, as it rises, 
it fills with gas, until it occupies, by the revolution of 
the drum, the position in space of the compartment r, 
ns to which it will be observed that the inlet, b, has just 
dijipcd below the suiface of the w\aler, and the outlet, c, 
is jus+ coming to the surfiice of the water. The outlet, 
c, having risen above the surface, the gas will escape 
into the upper portion of the outer case. As the gas 
passes out of a compartment in the situation of c, by 
the outlet, c, water will enter by the inlet, 6, and as the 
drum revolves the compartraeiK d having occupied the 
position in space of c and b, comes into the position A, 
when it is entirely ernfiticd oi gas and filled with water, 
until, by lurthor revolution of the drum, the compart- 
ment having come again into tlic position of i) begins 
to fill with gas, as already described. That wdiich lias 
been described for one compartment takes place for the 
other three, and it will he seep that there will always 
be two compartments discharging their gas into the 
outer case above the water level, one pompnrirnrnt 
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filling with gas, and as it fills causing the inner drum to 
revolve, and one compartment full of water. The 
motive power causing the inner drum to revolve, is the 
pressure of the gas in tlio mains as transmitted from 
the gas-holder at the gas works, and the quantity of gas 
will be ascertained from the number of compartments 
which have filled and emptied, that is, from the number 
of revolutions of the inner drum, which are registered 
by a train of wheel work and a dial plate in the usual 
manner. The gas so measured and passed through the 
meter is convoyed to the lights by a ju’pe communicating 
in any convenient manner with the outer case, and the 
action of tlie meter is suspended when the gas docs not 
l)as3 away. It will be observed that the quantity of 
gas measured will be affected by the height of the water 
in the meter, the portion of the compartment which is 
occupied by gas being greater or less, according to llic 
level of the water, whereas the inner drum will revolve 
whatever the height of tlie water, within certain limits. 
If the water rises above the top of the supply pipe, a, 
the entrance of the gas may be stopped altogether, and 
if it sinks so low that the orifices h and c arc not sealed 
jr closed and opened simultaneously, the gas may pass 
through the meter without causing the inner drum to 
revolve. Ilencc every gas meter is or ought to be ad- 
justed to a certain water level; if the water rise above 
this level each compartment will measure too little gas, 
and since the number of revolutions is tJic same what- 
ever the available space in the compartment for holding 
gas, the consumer will be defrauded; on the other 
hand, if the water sink below this level, since the 
available spaco in each compartment is larger than was 
calculated on, the manufacturer will he defrauded. 
Various eaiiscB aro in operation to occasion a variation 
in the water level, and the necessity of preserving it has 
given rise to several ingenious eoiitiivanees for dis- 
charging any excess or su()p]yiiig any deficiency of 
water. 

All this mny he further iJlustiated lt\ Figs. 117, 1 18, 










tion with the rest of the case, except through the valve, 
the position of which is shown by the arrows : b is tlie 
inlet pipe projecting tJibove the water line, conveying 









and 119. In Fig. 1 17, the direction of the gas is marked 
by arrows. The box a, in which the inlet pipe valve 
is contained, is soldered tightly, having no comrrtunica- 


the gas into the meter by the bent arm c — Figs. 118 
and 119 — rising above the water between tlie convex 
cover and the inlet hoods, d is a float attached to the 
inlet valve, fixed so that when the water fulls below 
the centre opening tlie 
valve will close, and 
the gas cease to enter 

the meter. Motion is A| 

communicated to the ^ ffi 

train of wheel-work r M IH 

behind the index from | M|hR|| 

a R[)iral wmrm, u, — Fig. 

118 — fixed on to the | ^ MHh 

axis of the drum, work- -- — — 'v ; ^ 

spindle of which passch I ^ 

through tlie tube t, | 
sealed by dijiiiing under I 
the water contained in 

There has been mii(*h '' 
discussion and dissatis- [ r — 
faction in Liverpool of 
late, with regard to the 

water meter, parties asserting that although the com- 
[lany had lowered the price of gas, stdi the hills, when 
they were sent in, were hUjhtr than tliey used to be. 
So many persons came forward and asserted this, that 
the Editor was applied to by Mr. Wiiitty of the 
Liver[)Ool Journal, to know in what w^ay the above 
could he aei^ornplishcd. The following (lucstion had to 
be solved ; Is it possible by manufaeturiiig inferior gas 
to compel the meter to register against the consumer? 

In the Editor’s opinion it is no matter what kind of 
gas, insoluble in water, is made, the registration would 
he the same ; but if atmospheric air was passed into tho 
mains and entered the meter in company with the coal 
gas^ it would tell against the consumer, and the light 
emitted w'ould be deteriorated. Mr. WiiITTY remarks 
in reply to the Editor’s statcmonlB, that experiments 
performed at the gas works justified them. It appears 
by introducing ono-tenth of common air into the gas- 
holder charged with gas, that the meter registers ten 
()er cent, or more against the JSonsumer. Some denied 
that gas so mixed with air would burn, but tlu^ results 
' showed that it docs, and had no effect visible to the 
eye, wdiicb is an imporlJint fact. 

The following table, extracted from a paper contain- 
ing some experiments by Mr. Barlow, on the com- 
parative value of coals for the manufacture of gas, may 
be found useful, esjiecially to persons wdio arc compelled 
to use cannel coal for cnricliing gas of low illuminating 
power: -- 




Q^S Produce of Different Coals. 


Protluco of one ton of Cunl 


loghead pannel, 

NewcaBtle canmd, T 

Wigaii cannel — Ince If all, 

Lochgolly cannel, 

Mixture of 7 Hthn Locligclly and 1 8th Boghead, 
„ 9-10th8 Lochgelly and 1-lOth Boghead, 

„ 1 l*12tbB Lochgelly and l-12lh Boghead, 

Belton main, 

Mixture of 3-4lhB Belton and l-4th Boghead, .... 


Cubic a>«t 
of (r««. 

^ Pouillld 
of cuki' 

1 

1 Poiiiid« 

1 of tiir 

1 

I’ouikIm of 
Hniinoiiln-' 
ctti liquor. 

Equivalent 
cubic fbot 
ingreinai 

§ ae-S 

13, .334 

715 

7.13 -3 

none. 

1109* 

1*3 

0,833 

1426 

98*3 

GO* 

GOG- 

2*37 

10,830 

1332 

218*3 

IGBG 

465*8 

3-09 

8,331 

1245 

225* 

340* 

439* 

3*28 

9,055 

1200 

400* 

170* 

695* 

2*07 

9,050 

1205 

335* 

290* 

GOO* 

2*4 

9,750 

1240 

227* 

270* 

443* 

3*25 

9,500 

1540 

1B2-5 

112-5 

31 J • 

4*7 

12,800 

13GG 

200-G 

110*6 

653* 

2*6 


Mr. Bari.ow is of opiiiiou that coals which contain 1 coal which yields the largest amount of gas is the 
inoro tlmn thirty per cent, of volatile matter, require a j most valuable, although such is generally the case, as 
higher temperature for their distillation. i will be seen by the following tables, drawn up by Mr. 

As all the volatile matter alfordcd hy coal is not Samuel IIuuhejs 
combiistiblo, it tloes not necessarily follow that the | 


Sprrlflf frrsivltv 

i>l lllU (JIID 


nvcAsruK Coacs. 

Engloli caking coal, 

N(jwrastlc coal 

IVdaw, Newcastle, . 

Bolton, do., 

Blonkinsopp, (Jailhdo,. . . 
Nc'wcasstle, 

Wall.^ond, Nowcasllo, 

Bolton, 

■JiOVioson, . 

Washington, 

Bolaw, 

Now Bolton, 

J)ean’B Briinios( 

(jjarostiold, 

Ooslorth, 

West llaitloy, 

Ilasting’s llartloy, 

Blonkinso{)]), 

Berwick and Craistor’s W'all'-ond, 

Bclaw Main, 

KiisBcire Wall.send, 

Ellison's Main, 

Felling Main, 

Boarith’s Wallscoil, 

Dean’s Brimrose, 

Benton Main, 

Eden Main, 

Heaton Main, 


iivuiidiipois 

fioi ton ul COM I 


Partiot or Cannel Coat,p. 
Yolk shire parrot, 


Wigan cannol, 

Scotch parrot, 

KamHny’a Newcastle cannel, . 


Lochgolly parrot, 

Lcannihagow cannel— tir^lj experiment, . . . 

‘‘ “ second experiment,. 

Kamsay’s Newcastle caiiucf 


Lesmahagow cannel, . 

Welsh cannel, 

Wigan cannel, 


WemysB cannol,. 


8,000 


•120 ... 

. . 257 

11,018 


■G75 . . 

. . . 423 

11,424 


•444 

. . 389 

11,421 


*437 . . 

. 382 

11,200 


'521 . . 

. . 417 

8,500 


•412 . . . 

. . . 208 

12,000 



•490 . . 

. . 550 

11,000 


•4:10 , . 

. . 3G3 

10,800 


*425 . . 

. . 353 

10,000 


*430 . . 

. . . 330 

1 1 ,000 


•420 . 

. . 355 

10,500 


•415 .. 

. 335 

10,;»00 


*430 . . . 

.. 347 

io,r.oo 


*398 . . . 

. . 321 

lo’ooo 


•402 . . . 

.. 308 

10,500 


*420 . . . 

. . 339 

10,300 


*121 .. 

. . 333 

t),7()0 


•150 ... 

. . 335 

12,5p7 


•170 ... 

449 

12,-100 


*120 . . 

. . 399 

12,000 


•418 . . 

. , 384 

11,200 


•IIG ... 

. . 357 

11,200 


•410 

. . 351 

11,117 


•410 ... 

. , 350 

11,120 


*110 . . 

. . 349 

JO,9S7 


•420 . . 

. 337 

10,400 


•400 . . . 

.. 318 

10,400 


•410 ... 

. . 320 

9,000 






11,000 

( 

r-4G0) 

.. - 

9,500 

■ 1 

lo - .. 

[ -520 ) 

. . . 357 

9,500 


•040 - . 

[ -.551 i 

400 

9,746 

i 

to 1 ... 
•580 ) 

. . 423 

9,123 


•567 .. 

. . , 390 

1 l,G81 


•540 . . . 

. . 483 

9,878 


•GfiO . . . 

. . . 492 

9,01 G 


•004 . . 

... 417 

9,333 


•598 . . . 

. . . 427 ■ 

9,GG7 


•731 . . 

. . . 541 

11,312 


•7.37 . . . 

... 038 

11,424 


•737 . . . 

. . . 645 

11,200 


‘GOG . . . 

. . . 520 

9,500 


•580 . . . 

. . . 422 

10,970 


•G70 . . . 

. . . 563 

10,192 


•69L ... 

... 538 
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London, ISJV. 

J Quantity made in the i evolving weh retort 
[ —authority, Mr. Clogg. 


Author of the Chemistry of Gas-lighting 
in the Journal of GuS'Ughttng. 


Mr. Clegg, 


j Average j)roduetiou h\ lln* Phoenix Gr.s 
( Company for the year 1848. 

— Dr. F^fe. 


fJohn Kay, Manager of Dundee Qas- 
[ works. 

I Dr. Lceson, Dr. Miller, and Mr. G. ll. 
I Palmer. 
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m 


of L'oaU 


Wiguii cannel, 

Kuiglitswood cannel, 

Boghead caunel, 15,000 


Ariiiston cannel,. 


Kirkness cannel, 


Bellon cannel, 

Leversou cannel, . . . 
Washington caniu*!, 


10,105 


DKUIiyHHlKK, WkI.SII, yTAFFOltnSIlIKE, 

AND OTHER KINDS OF COAL. 

Derbyshire deep nuiiii, 

Bryinbo two-yard coal, 

Powell coal — two huiKlrcJweight charges 

every five Jiours, 

Powell coal — one and a half liuiidredwcight , „ 

charges every live hours, ] . . j 

Bickerstafl'— Liverpool, 11,421 

Neath— South Wales, 11,20(1 

Birmingham Gas Oomiiany — lanii) coal fioin 'l . 

Weal UrouiwicU, ! j- • • • 

West Bromwich, C,5 jo . 

Macclesfield, 0,720 .. .. 

Klockport, 7,Koo . 

Oldham, Watergate, and Wigan camn;l, mixed, 9,500 . . 

Ormskirk, or Wigan slack, 8,200 . . . 

Low-Moor, mixed with two kinds of slack,. . 8,0o0 

Leeds coal, 0,500 

Cannel ami common coiU»'mixed, 8,000 

Derhyahire soft coal, 7,500 

“ 7,000 

“ “ 7,000 

Stafpordwtjue. 

South’s, 10,9J;i . 

Sc'cond variety, 10,007 .. , 

Third variety, 10,007 

Fourth variety, O.OoO . . . 

Forest of Doan, 10, 1 3.J ... 

Second \ariely, 10,13.1 

WELbu Coal. 

First variety, 10,000 

Second variety, 10,133 

Some practical gas engineers are of opinion that the 
quantities in the preceding tnlile arc larger -than are 
usually obtained in the works. The following tabic, 



PliccSrto ^ruvitv 

Ai i.l^lit of ><ufi 

tea 1 |a-i toll 

Ol 

lit ^ 

Ol tlui ffIXii. 

iivoirdiipoia 
per Util ul cuni 

9,408 . . 

9,720 .. 

.... -478 . . . 

. . ,34 1 

Mr. Wright. 

. . . . -590 . . . 

. . 439 

''Mr. J. Evans, 

15,000 . . 

. . . . *752 . . . 

.. 800 •< 

Chartered 
tliree experi 

U 

13,500 . . 

. . . -042 . . . 

. . COO 

13,200 . . 

... ‘018 ... 

•. . 027 

n 

14,400 . . 

. . . -577 . . . 

. . 038 


12,000 . . 

. . . *020 . . . 

. . 000 


10,300 . . 

. . . *548 . . . 

.. 433 

Mr. J. Evans. 

14, .300 . . 

. . . -580 . , . 

. . 037 


12,800 . . 

. . -502 . . . 

. . 5.52 

it 

13,‘200 . 

. . , -550 . . . 

. . 558 

It 

11,400 .. 

. . -5*28 ... 

.. 401 

“ 

11, .500 .. 

. . •.52t) , . . 

. . 459 

Mr, Joseph IL 

1 1,000 .. 

. . *523 . , . 

. . 400 

10,500 

. . . *500 . . . 

. . 403 


14,4.5.3 . 

... -010 ... 

. . 708 

Mr. Clegg. 

14, ‘207 . . 

•010 ... 

. . ()(i4 

11,000 . 

-.580 . . . 

. . 022 


13,813 ... 

-500 . . . 

. . 529 

(. 

9,400 

■4‘24 . . . 

. . . 308 

Ml. Wii:;!it. 

8,880 , 

■4(j3 

. . . 315 

“ 


•4.59 

•170 

•47.5 
•4 OH 

•453 

•455 

•539 

534 

■402 

• 120 

•530 

•528 

•118 

■424 

•39H 

■395 

•390 

•;i‘20 

-.150 

•300 

•385 

•380 


Autlioniy 


Gas Company ; menu of 


357 “ 

290 “ 

415 Ml. Iledicy. 

401 “ 

( Birmingham Gas Ikmipany P.iili.inuMi 
iary lletiirn. 

2 j Biriiiiiigham and Staflbrddiire Pailm 
( inentary Keturu. 


322 

38H 

290 

2.57 

203 

•285 

303 

240 

‘227 

333 

322 

318 

235 

•271 

‘279 

•20n 

295 


Parliamenlary lletuni. 

Manchester I’lirlmnientary llcturn. 

I liiverjuiol Old Coinpuiiy Parliumeiilar} 
\ Uetuin. 

Biadtord Parliiimentiiry lleturn. 

Leeds Compuny I'liiluinentary Iteturn. 
Sheflield Company Parliarueniury Return. 
Leicester I’ailianieiitary Uetuin. 

Deihy PurliiUTieiitury Ueturn. 
Nottingham PailiaOientai} ICetuiu. 

Mr. A. Wright. 


by Mr. WRidiir, in which the results of experiments 
on the distillation of cannel coals are placed in n very 
practical commercial form, will be found interesting 


I Nuiiil uf Coal 



l.i.MiiiilJiagow (.auiiitl. 

UHltiHiiy'il 

NuWCUHtlo 

uaiiiiul. 

lUirltyslnn) 
tluop 11 nil n 

'Wiiiiiyaa' Cfiniiul 

Wlfruii 

caniiul 

Coke, 

Gas, 

Tar, 

Ammonia and water, 

Loss, 

Exp 1 
Poiiml* 
pur toil. 

1091- 

403- 

594* 

4-5 

87-5 

]jxp 2. 
ruuiiiiH 
p«'r ton 

1004- 

48.3-5 

003- 

4-5 

85- 

PoUlldH 
per ton 

1435- 

410- 

295- 

0-72 

93-28 

Pouncia 
fwr tun 

1.33,5- 

300- 

219- 

179- 

‘207- 

Exp 1. 
Pound a 
))ui tun. 

ll‘24-5 ' 
551-4 
2‘24'0 

.340-1 

Exp 2. 
Pouiida 
per ton 

1188- 

528- 

197- 

3‘27- 

Pounda 
per tun. 

13‘26-0 

338-0 

250-0 

320-0 


2240- 

2210- 

2240- 

‘2240- 

2240- 

•2240- 

2240- 

Cubic feet of gas 

Specific gravity, 

llluininntmg power, gas of »i)ecilic gravity } 
0*301, being, f 

11,081 

0-540 

9,878 

0-050 

‘2-.33 

9,010 

0-004 

2- 

9,400 

0-424 

0-8 

10,970 

0-070 

2-47 

i 

10,192 

0*091 

9,408 

1 0'478 
1-5 
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The annexed tables, by Ur. Fyfe, contain, in addi- 
tion to the quantities of gas adbrded by tlio coals, much 
valuable information upon the relative illuminating 
values of the gases, which he arrived at by the chlorine 
test. When chlorine is added to coal-gas, it forms 
with the olefiant gas and the vapors of tar oil— with 
those cohstituents, therefore, upon which the illuminat- 


ing power depends— a fluid compound, which separates, 
and the original volume is consequently diminished. 
The diminution which the volume of the gas suffers 
when mixed with chlorine is, therefore, in direct pro- 
portion to its illuminating power, and to the value of 
the gas — to the amount of olefiant gas and tar oil 
vapors — which it contains : — 
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Enoi.imi CL\NNr,L:'- 
YorkBliirc, 

l],bOO 

1-28 

•451 

7-00 

M. S. 

45* 

0-85 

0‘0J 

0-78 

l-UO 

Scotch Cannels. - 
Ki)ightnvvo(Kl 

s/jao 

l-OO 


•9 

4H* 

l-OO 

1-00 

1-00 

1-00 

Locligolly, 

0,123 

1-01 

•r)07 

11-.') 

0.5-30 

1-00 

1-30 

1-05 

Ml 

Marq. Lotliiau, 

10,000 

Ml 

•.'■lOO 

13- 

(;o* 

1*44 

1*2:) 

1'80 

2-00 

Torrjbiirii, 

11,200 

1 -24 

*024 

13- 

57-30 

1-44 

MO 

1-71 

1 2-13 

MoiiUaiid, .... 

1 10,100 

M3 

•007 

10- 

07- 

1-77 

1-4 

2-01 

2*20 

Ariiiston, ... 

i 10,040 

MH 

•037 

17-r. 

O.H-30 

1-04 

1-41 

2-03 

2-41 

WenjysB, . . 

10, OHO 

M2 

•042 * 

10-.5 

75- 

210 

1-50 

2-21 

2 54 

KirKncBH, . ... ... 

! 0,020 

1-07 

•711 

20*75 

80*18 

2*30 

1-07 

2-10 

2-58 


Tliis table exhibits tho.qiiautity of gas aflurded from 
a ton of each of the coals ; the specific gravity of tJie 
giiH ; the amount of condensible matter by cbloririe ; 
the durability of the gas when burned by a single jet 
with a five-inch flame ; the comparative value of the 
gas for affording light, as shown by the chlorine test, 
by the dural)ility, and by these taken together, wdjich, 


w hen test is had recourse to, is the proper method to 
follow. It shows also the comparative value of the 
coals for the purpose of illumination by the combustion 
of their gases, as proved by the quantity of gas afforded 
by 'ach, and also by the quantity and quality taken 
togellier : — 
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KsOLISH CoRlKG : — 
reltoii, .' 

0,740 

555 

G-5 

M. H. 

50-40 

3-125 

382-2 

1- 

532- 

1- 

1 ,563 




English Cankel: — 




1 









Kamsfiy’s NcwcuhI.Io, . . . . 

0,002 

025 

13-25 

G(»-40 

1 3-33 

300-G 

1-04 

553- 

1-04 

1,520 

— 


— 

WigHU, 

12,010 

500 

0-0 

.52-5 

' 3-04 

3G5-4 

0-05 

G27-4 

1-17 

1,360 

55- 

7-1 



Scotch Cannel:— 













Poidbristle, 

9,023 

503 

0- 

51-5 

7 -.51 

9ol-2 

2-35 

1277-5 

2-4 

1,220 

49-22 

4-28 

8-5 

LosiHuhagow, 

10,170 

GOO 

17- 

GO- 

8-77 

1058-8 

2-75 

1530-5 

2-87 

1,360 

42-44 

4- 



(iJaiRsldrao — ono, 

11,500 

G44 

18- 

65-25 

8-312 

007-4 

2-Gl 

1G38-7 

3-08 

0.990 

33-2 

7-7 

|7-7 

(^ttptjldraci — two, 

0,070 

G50 

17-8 

73-37 

10-01 

1201-2 

3-24 

1670-3 

3-18 

1,256 

23-9 

24-5 

llogheftd, 

15,426 

726 

23*37 

84-44 

10-38 

124 .5-6 

3-25 

2755-6 

4-3 

760 

9-25 

21-7 

8- 


Having given a full account of Uie manufacture of 
coal gas — the Liverpool works, as slated before, being 
taken as the standard — it will now be desirable to enter 
upon the fabiication.Kof tin’s compound from other 
sources, such as oil, resin, et cetera; and, in domg so, 
the Editor will draw largely from the admirable work 
of Drs. Riouaudson and Ronalds upon Fuely which 
has just been published. It contains concise ahd exact 
information iii)on the several beads tliat wdll now^ be 
discussed. 

Jiesm Gas . — Resin could be distilled in the oil-gas 
apparatus, if it were fluid at common temperatures; 
but such not being the case, it requires to be liquified 


by beat, or some sedvent, before it is allowed to pass 
into tlie retort. Coal-tar naptJia is often used to 
dissolve the resin, or tlie oil which results £i‘om its 
own distillation. When the latter is employed, the 
flame from the furnace, before escaping into the chim- 
ney, is allowed to play upon the reservoir of resin. As 
the resin melts, it trickles through a sieve into a second 
division of the vessel, leaving tlie impmitics and the 
solid portion behind, where it is mixed with an equal 
part of the resin-oil. Thus a solution which will no 
longer solidify is obtained, and with it the retort is sup- 
plied, as with oil in the former case. When the gas, 
either from resin or oil, has parted with its condensable 
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vapors in the coolers, it is in u lit stnto for consiiii)j)ti()n,' 
no further purification being required. 

According to Ronalds and Uichaudson, one of 
the best arrangements of apparatus for making resin 
gas, and which has stood the test of practice, is that 
which lias boon extensively carried out by Chausse- 
NOT, and is shown in Fig. 120. The resin is here 
melted without any additional solvent, and the oil or 
tar collected and disposed of ns a secondary product. 
The draught to the tire-place, p, is regulated through 
the ash-pit by means of the plate, G, which can be 
moved horizonhilly backwards and forwards in the 
groove, h. Tlio air traversing from below through the 
grate and fuel, rr^ creates a powerful tiamc, which 
passing, in the first instance, through the apertures. 



g gg, in the roof, plays round the retort, a, in the space, 
M, and then, before reaching the cbiinney, heats the 
vessel, I, containing the resin, by means of the flue, N N. 
If this vessel requires filling, the fire is shut off from N 
by the damiier, b, and is allowed free egress at the 
aperture, o, by drawing back the damper, c. Both the 
dampers are worked by iron rings and rods from with- 
out, In this apparatus it is not necessary to dissolve 
the resin in tar-oil, because the vessel, i, in which the 
resin is melted, and the conducting tube, ii, being con- 
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stantly surrounded by hot air, no solidification of the 
melting resin at the bottom,/, can take place. Com- 
bustible gases arc generated by merely melting tlie 
resin, which may possibly endanger the whole appa- 
ratus. To avoid such contingencies, the edge of tlio 
resin cistern, i, is furnished with a groove filled with 
water, WM, into which the lid, K, dips at vv, and is 
consequently secured by a water-valve. By means of 
an aperture in the lid, the vapors can he conducted 
into the chimney or under the grate. The melted resin 
flows consecutively through H, p, and jc, into the retort, 
A. Between F and n is a plate, o, with a funnel- 
shaped aperture in the middle, in which tho conical 
end of the rod, c?, is movable. If this is raised through 
the stuffing-box, c, a more abundant supply of melted 
resin is furnished to the retort; if it is pushed down, 
the stream diminishes, or the flow ceases entirely. Tho 
resin flowing from x is carried to that part of the retoit 
(3ontaining the coke, by means of the inclined plate, q. 
The coke is prevented falling back in the retort by tlm 
grating, the gas escapes through a descending pipe, 
?/j, to the tar-cisUirn, c, and from thenee through E to 
the cooh'rs, i), which arc immersed in water in a long 
trougli, K. c is nearly always filled with tar, that the 
mouth of w may remain immersed ; this, therefore, 
dips into G, whilst the gas-pipe, E, behind the sectional 
level in the drawing, only just passes through the ma- 
terial of the main, c;. Apertures are constructed in 
several [ilaoes, at «, a\ a", and by which tho 
apparatus may ho cleaned at intervals ; these are 
firmly closed dining the process of distillation, by flat 
plates of iron firmly screwed on, by means of iron 
brackets, similar to that used for closing the mouth of 
the retoit a. Distillation goes on continnall) in this 
apparatus, until the deposition of carbon renders a 
renewal of the coke ncccBsary. 

Resin contains ton equivalents (^f carbon, seven of 
hydrogen, and one equivalent of oxygen. Its atomic 
weight is, therefore, seventy-five. Supposing tlic whole 
of the hydrogen to unite with the quantity of carbon 
required to form olefiant gas of specific gravity nine 
hundred and seventy six, the utmost that could be 
proiluced from an atom of resin 'would be forty-nine 
parts out of seventy-five, or about two-thirds of its 
weight, accompanied by some carbonic oxide and car- 
bonic acid. If any of tlie hydrogen is evolved uncom- 
bined, or ill the form of light carbide of hydrogen, a 
proportionate quantity of carbon must escape conver- 
sion into gas, and hence tho loss which must always 
attend the distillation of resin, even supposing that 
none of it were distilled unchanged, or converted into 
resin- oil. 

Dr. Fyfe obtained the following quantities of gns 
by distilling resin at different temperatures, of which 
he also ascertained tho relative specific gravities and 
illuminating power : — 
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lie considers, therefore, that the quantity of gas that 
can be produced from rosin in practice will not exceed 
eight or ni'ie cubic feet per pound, that is, about one 
thousand cubic feet per hundredweight ; that the gas, 
after being purified, will be of specific gravity not 
much beyond six hundred ; the condensation by chlo- 
rine not much beyond eight or nine per cent. ; a cubic 
foot of gas not giving more than tho light of from two 
and a half to three candles. 

Hydrocarbon^ or Water-gas . — It is well known that 
water passed in the form of steam over red-hot iron, 
is decomposed; its hydrogen being liberated in the 
i'orm of gas mixed with a little carbide of hydrogen 
from tho carbon of the iron, while the metal becomes 
converted into oxide. If coke or cliarcoal be substi- 
tuted for iron in this operation, hydrogen, carbonic 
oxide, and carbonic acid gases are produced in variable 
quantities, according to tho temperature empdoyed ; 
c.'i'bide of hydrogen, according to Dr. Fvfe, being 
only prcserit in very snjall quantity. 

Gas from Animal Matter . — In the distillation of 
animal matters, bones, flesh, ct cetera^ wliich has long 
l>een practised for the production of bone-charcoal and 
bone-black, a containing Dii'PEL’s animal oil, and 
gases, are gmicrated. The illuminating j)ower of the 
latter has recently attracted tho attention of manufac- 
turers. SiJGUlN in particular has carried on the pro- 
cess on a largo scale, making use of tho gases. Wlien 
the flesh of dead animals, which contai:.:' sixty jicr 
cent, of water, is employed, the latter must be removed 
by cxbieeatioii before the material is jdaced in the 
retorts, which are kept at a eherry-rod heat. 'J'he 
8ul])hiir — a constituent of alhum(*n, filuin, et cetera — 
is chiefly found in the gas combined with carbon, and 
tlio nitrogen of the flesh as carbonate of ammonia. 
After being properly cooled, the gas is fust passed 
through a solution of chloride of calcium, when; car- 
bonate of lime and chloiidc of ammonium arc formed, 
and thence tlirough pijies containing hmqis of sulphur, 
which condense the biHul})liide of carbon to the liquid 
state. The latter would lx; converted in the flame 
into sulphurous a(;id and enrhonic oxide. 

Gas from Wood and Turf — Wood and turf are not 
well adapted for yielding gas for the purposes of illu- 
mination, but whore coal cannot he had, or only at a 
very high price, tln^y may he advantageously resorted 
to as a means for illumination, as may be t(‘8tified by 
many communities at a distance from bituminous coal, 
which are in the enjoyment of gas-light obtained from 
one or other of these sources. The illuminating power 
of the gas liberated from these by distillation, is, it is 
true, inferior to coal gas ; but it may be rendered even 
superior to tho latter, by transmitting it through vessels 
containing riajfiilha or oil of t\irj)ontirie, or retorts 
which are charged with cliarcoal kept incandesceui 
by tlie appli(;ntion of external heat. Tliese facts arc 
entirely of recent discovery. Dr. Petti^nkofkr of 
Munich claims the honor of being the firat to pre- 
])are gas suitable for illuminating towns and dwell- 
ings, ct cc/cm, from wood ; and his invention is gaining 
more attention daily in (Icrmany, where tlic consump- 
tion of wood-gas is already very large. The manufac- 
ture of gas from wood is stated to olYer many facilitic's 


and advantages which are not experienced in tlie dis- 
tillation of coal ; among tliese is that of expedition, tJie 
gas being freely evolved from the wood, and allowing 
the charging of the retorts to take jdace every hour 
and a half. The tar from the wood distillations is 
more alHUidant, and the charcoal is much more valu- 
able than the coke. Further, in coal gas-works the 
retorts are rap'idly worn out, owing to several causes, 
such 08 tlie Biqierior temperature caused by the sulphur j 
in the coal ; but it is not so in the manufacture in 
question, for the heat of distillation is considerably 
lower, and sulpdmr is absent. In Munich, whore wood 
gas is used, the usual u-sliapod retorts arc employed ; | 

they are charged with ninety ])ounds of wood, from I 

which as much gas is obtained as will siiflicc for two I 

hundred and eighty burners. Immediately on intro- | 
ducing the dried wood into the red-hot retort, gjis is ! 
evolved, which passes oil' thiougli an arrangement of 
pipes, mains, scrubbers, and ilry lime purifiers in the 
usual way. 'I’lic cliarcoal, when drawn out, is cooled 
with wet sand. Lierig and Stein iieil give the illu- 
minating power of this gas as six, eoal-giis being esti- j 
ifiatod at fve. * 

Oil-Gas. — It appears, at first sight, both inexpedient 
and superfluous to distil oil for the production of gas, 
when it is considered that oil can be burnt in lanijm 
witliout any further preparation, while it loses carbon 
by deposition in the retorts. Purified lamp oil is coii- 
.seqiiently never used ; but gas can be prepared from 
impure oils, truiu-oil, or refuse fat, wiili as much ease 
as from the purer kind. Tbo manufacture of oil-gas 
is, therefore, under certain circumstances, an admirable 
means of using up such materials for tho production of 1 
light as could not otherwise he employed, or could 
only be applied to the lowest uses. 

In 1815, Mr. J. Taylgk obtained a patent in this 
eoiintry for tlio manufa<’tiire of gas from refuse fi\tty 
matters, and his plans were carried out at the gas- 
works at Paris, Liverpool, Bristol, and IIull ; but tho | 
(’ost of raw material not being able to coTrq)cte with ' ' 
that of coal, the oil-gas manufacture has been discon- 
tinued ifi this country. 

The expel iments of JTi:ni;v, which extend also to 
tin's part of tlie subject, show at once the ])lan that j 

must be adopted upon a large scale. Tlie following j 

account of the results obtaiinxl, and the process of the 
manufacture, is given in Knait’s Technology : — | ' 

It appears that the oil -gas is superior to that oh- j | 

tained from coal, as is also shown by its density, and ! j 

that the produce, dependent chiefly upon the ternpeia- 
ture, is of the best quality when obtained at a low rod 
heat. This tcmpoi'ature suflices to convert the oil into 
gas, but is not sufliciently high to decarbonize the gas | 
to any great extent. The aijparatus for obtaining gas 1 1 
by the distillation of oil is i (‘presented in Fig. 121, The. | 
retort, A, is tilled with bucks, or lumps ot coke, which 
very materially increase the red-hot surface, and pro- 
mote the evolution cjf gas, shortening the time which 
the gas already produced 1ms to remain in tho red-hot 
vessel. Tho second cylinder, R, serves both as reser- 
voir and hydraulic main. A and n being connected in 
two j)laccs, 1 ) and e. Oil (lows from a large cistern 
above the apparatus in a constant stream through tlie 
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tubQ c into B, wliich is thus kept filled up to a certain 
level. From b, tlie oil descends through e to A, where 
it is converted into gas and tar, both of which are 
volatilized, and return through d to B. The pipe, D, is 



bent, and its open end delivers just bch>w the Iluid 
level in B, so that the vapors of the decomposed oil 
must constantly pass through the reservoir of oil, and 
deposit their tar. The retort, A, is lljcrcfore constantly 
supplied, not only with oil, but with a mixture of oil 
and tar, in such a manner that all the condensed pro- 
ducts return to the retort togctlicr with a fresh (piantity 
of oil, until they are completel}'^ converted into gas. 
If the operation be conducted in a long tube, inclined 
at tlio hinder part, while the front is kept cool, 
hardly any tar is produced. The gas which collects 
above the oil in n passes on through the tube, G. The 
objections to the use of metallic vessels in distilling 
coal, are not applicable to the distillation of oils ; and 
cast-iron vessels are, therefore, always employed, and 
heated over a furnace constructed in the usual manner. 
According to trustworthy statements, one cubic foot, 
or about four gallons of oil, produce six hundred to 
seven hundred cubic feet of gas, which is equivalent to 
from ninety to ninety -six per cent, of the weight of tlie 
oil ; the remainder — excepting some unavoidable loss 
— consists of carbon, wliich is deposited upon the coke 
or bricks. According to Dr. Fvfe, a gallon of oil 
seldom yields one hundred cubic feet of gas of good 
quality, on a large scale. That made at Leith, and in 
private gas-works at Edinburgh, had a specific gravity 
of from six hundred and forty to seven hundred and 
ten, containing matter condensable by chlorine. In 
this manufacture, about one half only of the oil is 
converted into gas. The production of oil-gas is a 
continuous process, and thus difl’ers from the distillation 


of coal. The retorts only require opening now and 
then, for the removal of the deposit of plumbago. 
Vapors of the same composition and properties are 
found in oil and coal gas. Thus, according to Hess, 
all the volatile empyreumatic oils, which occur mixed 
with each other in the tar from oil, have the same 
composition per cent, as olefiant gas. In the oil-gas 
made in England, and submitted to a pressure of 
twenty or tliirty atmospheres, in order to render it 
portable, Faraday observed tliat seven thousand 
five hundred volumes of gas were converted into one 
volume of fluid ; and among the oily bodies, of which 
the liquid is composed, and which contain from eighty 
to ninety per cent of carbon, this chemist was enabled 
to study some in an isolated state, as triyl — C, Hj, 
ditriyl — Cg 11^ — and a third hydrocarbon — C., TT,j. - 
Knapp. 

Gob from Soaih-Water. — A favorable idea of the 
practical value of chemical knowledge is afforded by the 
process carried out at the works of Houzeau-Muirc>n 
at Ulieims, where very good gas and a handsome profit 
are obtained from a substance which had previously 
been a source of expense to the manutaciurer to get 
rid of it. This refuse is the soap-water in which 
woollen stuffs have been freed from fat. Besides the 
unchanged fat with which the goevds arc charged as 
they come from the loom, the soap-water contains a 
solution of olcale and stearate of soda, and compounds 
of tlie same acids with lime in suspended flakes, and, 
lastly, animal matter extracted from the wool. From 
all parts of the town the soap-water is collected, and 
brought to the reservoirs of the works, where three 
hundredweight at a time are treated with two per 
cent, of sulphuric acid, or twice as much hydroehloiic 
acid, mixed with an equal quantity of water. Afler 
the lapse of twelve or eighteen hours, the water is 
found to contain Glauber's salt or si’.lphato of soda in 
solution, a little gypsum being formed at the Sfimc 
time, while an impure grey Ihtiy matter rises to tins 
surface. This consists of the fatty acids, oil, and 
animal matter mixed with water, the greater part of 
wliich liaving alread}^ been niechanically separated, 
the remainder is removed by melting the fat in a cop- 
per vessel, and ultimately drawing it off into a second 
lioilcr containing some sulphuric .acid, for clarification. 
The filtration which follows affords a clear oil, and this 
gives with crude soda — containing sulphide of sodium 
— a very tolerable soap, whilst sulphide of iron sepa- 
rates, leaving a black solid residue containing much 
fat for distillation in tlio retorts. The process of distil- 
lation is similar to that practised with resin ; the tar 
produced the first day is used on the morrow to dis- 
solve and liquify the solid residue. The soap-water is 
obtained at the rate of iiincpence for every thirty 
gallons. — Knapp. 

Jlifdrocarhon Gas from Boghead CcmncL — The 
following interesting account of hydrocarbon gas from 
Boghead cannel, is adapted from an article in the 
Journal of Gas-lighting^' from the pen of Dr. Frank- 
land of Manchester: — In the summer of 1851, this 
excellent chemist made an extensive series of experi- 
ments on the manufacture of hydrocarbon gas from 
cannel coals, in which the results obtained by White's 
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process were compared with those yielded by the usual 
method of gas-making. The experiments were made 
on a manufacturing scale, the cannels being worked in 
one hundredweight charges, in diaphragm retorts of 
the D shape, six feet long, one foot six inches high, and 
one foot wide. The condensing and purifying appara- 
tus was of the ordinary^escription, and tlie gas was 
passed through a station-meter immediately previous 
to its entrance into the holder, and at a temperature 
rather below than above that of the atmosphere. 

Instead of receiving the whole of the gas in a large 
holder, and then experimenting Upon the total quantity, 
FkANKLAND preferred, for certain reasons connected 
with the apparatus then at his disposal, to receive a 
portion only of the gas in a smaller holder, which 
was placed close to the meter, and received its supply 
through a very short three-fourths of an inch pipe from 
the main entering the meter. This small holder was 
capable of containing eighty cubic feet, and the flow of 


gas into it was continiiouB throughout the whole pro- 
cess, and accurately regulated by a graduated stopcock, ' 
so as to allow the admission of a certain per centago 
throughout the entire working ; for instance, if a ten 
per cent, sample was being taken, ten feet entered this 
holder during the time that ninety feet passed through 
the large meter. He had previously satisfied himself 
that, by attending to certain precautions mentioned 
below, this method furnished a perfectly fair sample of 
the total gas produced. 

The results proved, in favor of the hydrocarbon 
process, a gain of from 45’8 to 200*6 per cent, in quan- 
tity of gas, and from 11*2 to 108*6 per cent, in total 
illuminating power, according to the quality of the 
cannel used. This gain in the total quantity of light 
yielded by a given weight of cannel, was also very re- 
markably corroborated by the analytical estimation of 
the value of the illuminating hydrocarbons in each gas, 
as is seen from the following summary : — 


_ 

Iloghoud 

gow. 

Metliel 

Wigan, 

liicLbal] 

SblciUT««. 

Canuel 

Ut Exp 

2nd Exp, 

Tor centage gain in illuminating power by hydro-) 
carbon process, j 

88'4 

82-4 

82-8 

108-6 

33-9 

42-4 

11-2 

Per centage gain in l)ydrocarl)onB cxpiesscd in their ( 
eijuivaleiilB of oleliiiiit gas, ) 

83*9 


85-1 

109-2 

34-0 


11-3 

Per centage gain in tpiantity of gas, 

' ] 88‘2 

290-6 

174-8 

176-2 

47-9 

48-6 

45-8 


Subsequently, Dr. FyrE ajso made an extended 
series of experiments on the same subject ; confining 
his attention, however, to the Boghead cannel, which, 
he justly remarks, is best fitted for testing the value of 
the hydrocarbon process, llis results diil'er most widely 
from FranklaniVs, exhibiting invariably a loss of 
light — Bometirnes small, at other times enormously 
great — by the application of the hydiocarbon process. 

Dr. Fyfe’s experimciitB were conducted upon a 
very small scale — small D -shaped retorts, two feet six 
inches long, and nine inches wide, being used, whilst 
the largest charge of cannel was seven pounds, and 
even still less quardities wore frequently employed. 
They further difl'ered from Fkanki>aisj>’s trials in the 
whole of the gas being simultaneously received in two 
holders, so that the subsequent experiments upon it 
i were conducted upon the total quantity of gas pro- 
I duced ; whilst, in Dr. Fyfe’s trials, a per centage only 
of the gas was received and submiltcd to experiment. 
To this latter circumstance mainly, Dr. Fyfe ascribes 
the discrepancy in tlje results. * 

For some months after the publication of Dr. Fyfe’s 
trials. Dr. Frankland was residing on the Continent; 
and, for a long period after his return, the want of a 
suitable apparatus, and the little time at his disposal 
for such matters, prevented a repetition of the experi- 
ments upon Boghead cannel, in order to determine the 
accuracy or fallacy of former conclusions. 

The appearance of another article, however, on the 
same subject, by Dr. Fyfe, in the Jourruil of Gm- 
lighting^ for March 1864, confirmatory of his previous 
results, determined Dr, Frankland at once to insti- 
tute new experiments, with an apparatus in which the 
total quantity of gas could be operated upon. 

The apparatus employed consisted of a cannel retort 
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of the same size as that used in former experiments, 
suiiouiided by four water retorts, each of the same 
length as the cannel retorts, and nine inches in dia- 
meter, furnished with a diapliragin in the usual manner. 
The gas passed from the retorts through the hydraulic 
tubular condenser, and small wet and dry lime puri- 
fiers, to a station meter, and tljencc to the holder, 
where the whole quantity produced in each case was 
received. 

Although two hours were considered ami>ly sufficient 
for complete intermixture and diflusion of the gases in 
such a holder, yet an interval of twenty-four hours was 
ill each case allowed to clajise before the gas was sub- 
mitted to the photometrical experiments. In tlius using 
a large holder, it is indispensable that the gas for the 
illuminating room should be drawn directly from the 
water itself, and not from the large outlet-pipe, the 
unknown contents of wdiich would, in many cases, 
supply a burner for several hours. This was effected 
by attaching a fiexible tube to an aperture in the 
crown of the bolder, and then conducting the gas 
to the illuminating room by a half-inch iron pipe. 
In this manner, a fair sample of the gas in tiie 
holder was secured. In all tlie experiments, the 
modification of Bunsen’s photometer, by Messrs. 
CiJUKCU and Mann, was employed. The gas was 
consumed in fish-tail and 'Winfield burners; and, in 
every instance, the detennination was made when the 
gas appeared to bo burning to the best advantage 
The numbers obtained were, as usual, corrected to the 
one hundred and twenty grain candle standard. 

Having previously ascertained tliat Boghead cannel, 
when distilled alone, }ield8 considerably higher results 
in small quantities, and being desirous of placing the 
cannel in the best possible position for a comparison 

u 
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only half a hundredweight was used for each experi- 
ment, in place of one hundredweight, as employed in 
preTious trials. In making the hydrocarbon Boghead 
gas, the evolution of water gas was so managed, that 
the mixture of gases generated throughout the entire 
working was maintained at a nearly uniform illuminat- 
ing power. To do this, the generation of water gas 
must at first be very rapid, and should nearly cease at 
the end of the second hour. The heat was a good 
bright red; and, in the trial with Boghead alone, it 
was slightly higher than in that with Boghead and 
water. 

The following results were obtained : — 

1.— BOOHKAD WITHOUT WATER GAS, 

Cannel used, Fifty-six ponnda. 

Gas produced, Three hundred and sixty-four cubic feet. 

Time occupied, Two hours and forty-five minutes. 

Fourteen thousaud five hundred and sixty 
cubic feet. 

IIJ.UMINATlNa POWER OP GAS. 

Two cub§o foot Three ruble foot Four cubic foot Five cubic foet 
per hour, por hour, nor hour, per hour, 

fleh-tail Mo 1. fleh^tull No 2. flMi-tnll No. S Winllold'a burner 

CandlOi. Condloa Candle*. Candloa 

14-7 2fi*5 36-4 48*9 


ILLUMINATING POWER OF ONE OUBIO FOOT OF GAB. 
Candlea Candle*. Candid Qandlaa. 

7*35 8'6 91 9-78 

Illuminating power of total gas, when burnt at the rate of three 
cubic feet per hour, =± 309*4 sperm candles, each sperm 
candle burning ten hours, at the rate of one hundred And 
twenty grains per hour. 

n.— BOGHEAD WITH WATER GAB. 

Cannel used, Fifty-six pounds. 

Ga& produced, Nine hundred and four cubic feet. 

Time occupied, Two hours and forty-five minutes. 

rsaa Tirtf trin S Tliirty-six thousand one hundred and sixty 
was per ion, 

ILLUMINATING POWER OP GAS. 

Twrt cubic foot Three cubic foot Four cubic foot 8I« cubic feet 
per hour, per hour, per hour, per hour, 

fleh-tall No 1. Suh-tail No 2. fl»b-tail No 3. W Inheld'e burner. 

Candlen. Candlea. Candice. Candlea 

11*1 1-90 26*9 48-1 

ILI.UMINATING POWER OP ONE CUBIC FOOT OP GAB. 
Candle* Candle* Candle*. Candlea 

6-3J G-72 8-0 

Illuminating power of total gas, when burnt at the rate of three 
feet per hour, = 572-5 candles. Hence, gain in illuminating 
power by employment of water gas, per ton, = 10,524 
candles; 85'0 per cent. Gain in quantity of gas, = 21,600 
cubic feet; 175-9 per cent. 

These results, tlierefore, most satisfactorily confirm 
those obtained in former experiments, videlicet : — 


Per Ton 


]*t Experiment 

Gain in illuminating power by emydoyment of> lo 0*^8 candles 

water gas, j ’ *■ 

Gain in quantity of gas, 24,920 cubic feet 


Thus showing that experiments, in which n ecriain 
per centage only of the total gas generated is operated 
upon, are worthy of full reliance if conducted with the 
necessary precautions; but, in order that the results 
may be received with the same confidence, F rank- 
land admits that this method requires more faith in 
the manipulatory skill of the operator than the other ; 
for, as Dr. Fyfk has shown, it is easy to commit very 
serious errors if the necessary precautions be not at- 
tended to. The essentials to accuracy are — first, that the 
tube supplying the small holder from the main should be 
as short and narrow as practicable ; secondly, the gas 
should be admitted into the small holder continuously 
throughout the entire working, and not in isolated por- 
tions at stated periods ; and, thirdly, the sample thus 
taken should not bear too small a proportion to the 
total quantity of gas generated. In Frankland’s 
former experiments all these conditions were secured ; 
but in the trial quoted by Dr. Fyfe, in which the 
sample collected in the small holder was thirty-tliree 
per cent, worse than it ouglit to have been, they were 
disregarded. In Dr. Fyfe’s experiments, the capacity 
of the inlet-pipe was one hundred and tliirty-two cubic 
inches, the gas was received in isolated portions at 
stated periods, and the sample thus collected bore a 
relation to the total gas of only 1 : 500. In Frank- 
land’s experiments, the contents of the inlet-pipe wore 
only eighty- three cubic inches; the sample was col- 
lected continuously, and in the three experiments on 
Boghead cannel, it bore relation to the total gas : — 


First E^rimeut, 1 i 8*3 

fiecond Experimeut, ; 1 ; 23*8 

Third Experiment, 1 : 32*3 


1 hese considerations clearly point to the causes of 


Pnr rfnt, 

ild i: > peri m cut Jut Esfierliucnt *’d Experiment 

9,318 candles 88-4 .... 82-4 

::8, 480 cubic feci 188-2 .... 290-6 

the discrepancy obser^ by Dr, Fyfe in his small 
per centage sample; and as the results of Frank- 
land’b second scries of experiments, made with all the 
precaution which Dr. Fyfe considers necessary to ac- 
curacy, coincide closely, as seen above, with those he 
already published, — the actual gain of light per ton, 
ten thousand five hnndred and twenty-four sperm 
candles, being somewhat greater tbrin the mean of the 
first series, nine thousand six biindrcd and eighty-eight, 
and the per centage gain eighty -five, — it now only re- 
mains to show the cause of the discordance between 
Dr. Fyfe's experiments and his — the one assigned by 
Dr. Fyfe, viz., the use of n per centige sample, being 
completely disproved. 

In pointing out what P'rankland conceives to be tlie 
true cause of the discordance, attention will principally 
he confined to Dr. P'ype’s last experiments, in which 
lie used retorts of the customary size ; because Frank- 
LAND is convinced that no results obtained with such 
a small apparatus, and such minute charges of cannel 
as those used in his first experiments, can be relied 
upon for comparison with experiments on a manufac- 
turing scale. He feels also less reluctance in leaving 
these experiments out of consideration, since Dr. Fyfe 
liimself admits, to a certain extent, that they were 
made upon too small a scale to be depended upon. 
For the hydrocarbon process especially, retorts of such 
small longitudinal dimensions are peculiarly unfitted ; 
because the amount of carbonic acid generated in the 
water retort is greatly augmented by diminishing the 
length of cliarcoal surface over which the water gas 
has to travel, and, for the same reason, a great excess 
of steam is also very liable to pass into the coal retorts, 
thus damaging the luminiferous constituents there gene- 
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I rated. In addition to this cause of eiTOff the experi- 
I merits in question must have been much vitiated by the 
rapid caibonization of the very small quantity of cannel 
used, nearly the whole of the gas from which would 
certainly be expelled in thirty minutes — a length of 
time far too short for the generation of the tlBquisito 
quantity, of water gas from one small retort. 

In Dr. Fvfe'b last experiments, he used two retorts 
of a large size, one containing the charcoal or coke by 
which the water was decomposed, the other the coal, 
of which two hundredweight were used in each charge. 
Two charges were worked off, both with water gas, 
and the gaseous products received in a large holder. 
The averagjEJ of these trials was twenty-seven tliousand 
cubic feet per ton, yielding light equal to 2830*15 
pounds of s])orm. Dr. Fyfe then compares this result 
with tliat which he obtained by working the seven 
pound charges above alluded to, and thus shows a loss 
of thirteen per cent, by the hydrocarbon process. 

The two principal points, in which the conclusions 
drawn by Dr. Fyfe from these results differ from 
Fkankland’s, are — first, his high estimate of the 
powers of the Boghead cannel distilled alone ; and, 
secondly, the comparatively low results which he ob- 
tained by the collateral use of water gas. The first of 
these points arises, as just mentioned, from reliance 
being placed upon certirin results obtained in small 
retorts wiili seven pound charges of cannel, which 
results differ most widely from those of all other ex- 
periments, as also from the previously published report 
of Dr. Fyfe himself. 

To deicrinino the influence of small charges in in- 
j creasing the yield and the illuminating power of the 
I gas from Boghead cannel, Fkankland put 2*5 ounces 
of the same sample as that used in his last experiments 
in a hand glass tube ; it gave 1*88 cubic feet of gas, five 
feet per hour of which yielded a light equal to 64*5 
candles. These nurabera are equivalent to fifteen 
thousand four hundred and eighty-two cubic feet per 
ton, or 3423 7 pounds of sperm per ton — a result which 
oven exceojls that of Dr. Fyfe, and shows how little 
de[)cndence can bo placed in experiments upon small 
quantities of this cannel. 

It is, therefore, greatly to be regretted, tliat Dr. 
Fyfe did not, at the time of making his last experi- 
ment at Leith, try a corresponding one witli Boghead 
cannel alone in the same apparatus, instead of continu- 
ing to quote the results of his former trials on the small 
scale, which ho admits to be unwoilliy of full confi- 
dence. Had he done so, Fkankland feels assured 
that he would have removed one cause of discrepancy 
— mdcUcet, his estimate of the value of Boghead cannel 
when distilled alone, which, as proved, is far too high. 

Dr. Frankland acknowledges himself imlebtod to 
Mr. A. Wright and Mr. T. G. Barlow of London, 
and to Mr. A. King of Liverpool, for some very im- 
portant information on this subject — the first gentle- 
man having tested tlie value of the Boghead cannel 
during several weeks’ working on a very large scale, 
and the latter two having made a very extensive series 
of most careful experiments upon a small scale. In 
Mr. Wright’s experiment, tliree parts of Newcastle 
coal — Dean's Primrose — and one part of Boghead can- 


nel, were distilled in separate retorts, yielding nine 
thousand five hundred cubic feet per ton ; the mixed 
gases were burnt in a Number 2 fish-tail burner, 2*5 feet 
per hour giving light equal to tliiiteen candles. From 
this result of the mixed gases, the value of the Boghead 
was calculated to be 5*44 times that of an equal weight 
of the Newcastle coal ; aud therefore, taking the well- 
known value of Newcastle coal at nine thousand feet 
per ton — five feet per hour = thirteen candles — it fol- 
lows tliat a flame of Boghead gas burning five feet per 
hour would give a light equal to 57*9 candles, at which 
rate of consumption the total gas from one ton of Bog- 
head would be equal to 2182*1 pounds of sperm. Mr. 
King’s result is the average of eleven experiments, 
each made upon the one-thuusaudlh of a ton ; the gas 
was burnt by a Number 1 fish-tail burner, at rates of 
consumption varying from 1*38 to 2 04 feet per hour. 
The value assigned by Mr. Barlow to Boghead ia the 
average of three cx])criments, which were also made 
upon tlie one- thousandth of a ton of cannel, the gas 
having been burnt at the rate of from 1*44 to 1*92 feet 
per hour. If, in the experiments of Mr. I^NO aud 
Mi\ Barlow, the gases had been burnt at higher rates 
of consumption, there is no doubt that the equivalent 
of sperm per ton would have been sumo what higher. 
In addition to this valuable evidence from gentlemen 
so intimately acquainted with the subject, there is also 
the statomont of the owners of the cannel, contained in 
their advertisement, which appears monthly. Frank- 
land considers tliis statement as good evidence on one 
side of the question, inasmuch as it is not usual for 
merchants to underrate the value of tlie commodities 
they have to sell. These estimates, along with that 
contained in Dr. Fyfe’b printed report to the owners 
of the coal, are now appended with Frankland’b 
results : — 


ESTIMATES OF THE VALUE OF BOnUEAD CANNEI.. 


AuUioiity 

CuMc feet 

ot irit« 

Oas from 
one ton. 


fiflr ton 


Mr. Wri^jht, 

11,000 .. 

. . j»oundi>. 

Mr. Harlow, 

13,344 . . 

. . 20')7‘0 

Mr, Kiiicr, 

13, MO . . 

. 1093 0 “ 

Dr. F 3 'fe, 

14,800 .. 

, 2283*2 “ 

Advertisement of propnetorB of] 
Boghead cannel J 

[ 13,500 . . 

. 1967-1 “ 

Dr. Frnnkland’s Ist experiment,. 

13,240 . . 

. 2387*7 

Dr. Fraukland'H 2n<] experiment, 

14,500 . . 

. 244M “ 


The above are by no means selected; they in- 
clude all the experiments upon tliis cannel, with the 
exception of the subsequent ones by Dr. Fyfe, to 
which allusion has already been made. It wdll be seen 
from this staftemont, that Fkankland’s results are 
considerably higher than those of any other experi- 
menter. This is ascribed to the use of a diaphragm 
retort, and he believes that it is impossible to obtain 
numbers so high as his in retorts of the ordinary con- 
struction. The relation of these numbers to those 
employed by Dr. Fyfe for comparison with his experi- 
ments on the hydrocarbon process — namely, Dr. Fyfe’s 
results with seven pound charges, 16,093 cubic feet of 
gas per tou ; gas from one ton == 3253*5 pounds sperm 
— must convince every candid mind that bis results ai*e 
far too liigh, and cannot fairly be quoted for comparison 
with any experiments on the hydrocarbon process. 


-Illuminating Power of Gasks. 


Having thus obtained a basis of exj)eriinental results 
for comparison with those yielded by the same cannol 
when treated according to the hydrocarbon process, 
Frankland proceeds to show the gain in illuminating 
power which that method exhibits, when the experi- 
ments upon it by Dr. Fyfe and himself are compared 
with these several results ; for Dr. Fyfe riglitJy con- 
tends that it is to this test, and not to tliat of gain in 
.quantity of gas only, that the hydrocarbon process 
must be submitted. 

The comparison which Frankland formerly pub- 
lished, as well as the one previously cited, were 
founded upon equal consumptions of the respective 
gases; but Dr. Fyfe prefers to burn each gas to 
the best advantage, with a given burner — generally 
a Winfield — at high rates of consumption, and then 
to calculate the value of each cubic foot. By this 


method, the comparison may be said to be nearly that 
of equal light, instead of equal consumpts. Fbank- 
LAND and Fyfe agree on this point, and tliink that 
the basis of comparison, especially in gases diflering 
much in richness, ought to be that of equal lights and 
not of equal consumpts. By adopting this plan in the 
following comparisons, the former has been compelled, 
in the case of his second experiment, to calculate tlio 
hourly consumption of a flame giving a light equal to 
about fifty caudles, as he made no experiment beyond 
twenty candles. A consumption of ten feet per hour 
in a Winfield’s burner is estimated os being equal to 
the light of 60-6 candles of one hundred and twenty 
grains per hour. He does not insist upon t\je absolute 
correctness of the gain exhibited by liis second experi- 
ment, although he believes it to be very near the 
truth ; — 


PER CENTAGE GAIN IN ILLUMINATING POWER RY THE IIYnilOCAIlRON PROCESS AS APPLIED TO HOGHEAD CANKEL. 


Namo of Exporiiiiciiler ou HydioenrlK)ii Proc<«a« 


Dr. Fyfe — GXf>criment at Leith pna-worka, 
Dr., Frankland’s first expcriincrit, 


Dr. Frankland’B third experiment, 


1 CotnpArlaou w-iGi icRnlt^ nblaiiiod with Doi^huiul 
j Ottiiiiel ulonu, by 

Proprietor 

of 

£ S 

s g 

i| 

Mr Wivbt 

Mr Kiiifc 

Dr F\|ti. 

Mr 

lto|;huii(l 

Lauuul 

l"l 

£ 

I'cr nt 

Per f fnl 

Per rent 

Pi'i rent 

Per eeiit 

Per cent 

Per cent 

29-7 


2 1 -0 

.’17 0 

4.1-0 

lS-5 

L5-9 

8‘J-6 

107'n 

81 -2 

lOM 

110-3 

73-3 

60-5 

lO.'rO 

125-0 

DO-:) 

118-1 

12S-1 

87-9 

83-8 

1*27-7 

140-2 

117‘G 

141-5 

152-6 

108-1 

103-e 

[ 


Those nun^bers prove, in the most inconloslablc I 
manner, that there is invariably a very large gain by 
the employment of the liydi'ocarbon process, varying 
with the amount of water-gas used, and with tlic value 
at which the gas from Boghead alone is estimated. 
This gain is even apparent from Dr. Fyfe’s own ex- 
periments, although its smallness, in comparison with 
that exhibited by Frank land’s own trials, must strike 
every observer of the above table. The cause of this 
is, howevei', made clearly apparent when the mode in 
which Dr. Fyfe conducted his is taken into account. 

Dr. Frankland has found that one water retort is 
incapable of generating more iban one-lialf the amount 
of water-gas requisite for one humbedweigb* of Bog- 
head cunnel; and yet, notwithstanding this caution, 
Dr. Fyfe carbonized two hundredweight of cannel 
with only one water retort ; the water-gas power was, 
therefore, only one fourth of what it ought to have 
been, and, as might naturally be expected, the gain 
was only one-fourth of that which a f)roperly-conducted 
experiment would yield. The Editor considers that 
Dr. Frankland has clearly demonstrated that there 
is a high gain in the total illuminating power obtainable 
from a given weight of Boghead cannel by the employ- 
ment of the hydrocarbon process, and that his former 
estimate of that gain — at from eighty to ninety per cent. 
— was by no means too high. Since the publication of 
his first report on hydrocarbon cannel gas, he has had 
abundant opportunities of witnessing the working of the 
process; and although ho admits that it is more liable 
to suffer from the carelessness of workmen than the old 
process, yet his confidence in its merits, and in its ulti- 
mate extensive adoption by gas engineers, continues in 
every respect unsliiiken. 


JJlurni hating Poirer of Gases. — The illuminating 
power of gas, say Bichardson and Konalds, has 
generally been estimated by the shadow-test., or by 
JiUN sen’s photometer, in cunjuncLion wdth an experi- 
mental meter for accurately measuring th(3 consump- 
tion. The standard of comparison used by diflereiit 
cxpei-irnenters has not always been the same; but a 
spermaceti candle, consuming one bundred and twenty 
grains per hour, is now gcrieially adopted. 

Illuminating gas must vary in its power of giving 
light according to the jiroportion of carbon it contains ; 
but much depends upon the mode of combination in 
which this clement is present, and also upon the manner 
in which the giis is burned. Thus, carbon, in the form 
of carbonic acid, is not only useless as a source of light, 
but actually prejudicial, a very small proportion of car- 
bonic acid in coal-gas reducing the illuminating power 
to a great extent. Carbon, in the form of carbonic oxide, 
and as liglit carbide of hydrogen, is of little or no value 
as a source of light, these gases burning with a very 
faint flame. The heavy carbide of hydrogen, aa olefiant 
gas, oil-gas— Cy — and the vapors of naphtha, many 
and indeed most of whicli are condensed by chlorine, 
bromine, and aiih 3 ’drou 8 suli)huric acid, are the ingre- 
dients of coal-gas to which it owes its illuminating 
power. Hence the value of gas as an illuminating 
agent has been frequently estimated since the time ot 
Henry, by the amount of condensation which it under- 
goes when mixed with a sufficient quantity of chlorine 
to absorb these higher compounds of carbon with hy- 
drogen, Dr. Fyfe relies most implicitly upon the 
condensation test by chlorine, in connection with what 
he terms durability, for an accurate indication of the 
value of any gas ; and he has shown, in a groat many 
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iustances, that these two points give a value which 
agrees very well with carefully-conducted photometri- 
cal experiments. By durability, is to be understood 
the time during which a certain volume of gas will 
continue to afford a standard amount of light. Bromine 
is employed by many to replace the chlorine in con- 
densing, the heavy carbo-hydrogens, and is, in many 
respects, more convenient for manipulation. In both 
cases, the vapors of these substances left after conden- 
sation require to be removed from the gaseous mixture 
by a solution of potassa before the amount of con- 
densation is estimated. Anhydrous sulphuric acid, 
obtained by warming the Nordhausen acid, is j)rc- 
ferred by others for effecting this condensation, a ball 
of porous coke attached to a platinum wire being 
saturated with the acid and thrust up into the mixture 
of gases. The substances condensed from the gas by 
all these agents appear to be the same ; but from what 
has been stated with reference to the nature of these 
condensed hydrocarbons from different specimens of 
coal-gas, the illuminating power of the gas must de- 
pend far more upon the clicmical constitution, and 
upon the amount of carbon which they resj)ectively 
contaifi, than upon the vul nines which they occupy 
before condensation ; and hence, although the test may 
be a good one, obtained from the same species of coal 
under like conditions, and containing the same kinds of 
hydrocarbons, it is not apj)licablc as a means of setting a 
value upon gases obtained under different cir- umsiances 
from different species of coal. 


The substances condensed by these re-agents are 
probably similar, if not identical, in composition with 
those condensed from oil-gas and resin-gas. It has 
been ascertained, by comparing the density of ordinary 
Newcastle coal-gas before and after condensation by 
bromine, that the vapors of the light-giving portions 
give a specific gravity ranging from 2*8 to 3 *k 

The liquid condensed from resin-gas by Mr. Coueuoe 
yielded six fluids, the nature of which, with the calcu- 
lated and experimental density of their vapors, are given 
in the following table : — 

Density of Vapor. 


Ka 

Calculated. 

Fouud. 

1 . G 4 U 4 , 


. 2*000 

2 . Ofi 114 

y-38r> .. 

. 2-2.'>4 

Gfl II 4 

2-806 .. 

. 2*802 

4. G 7 

3-230 .. 

. 3-340 

5. Cs 114, 


. 3-765 

C. Cga llj^ 

2-0G5 .. 

. 2-637 


The first of these has a specific gravity about equal 
to the condensable matter in Wigan caniiel and Ram- 
se3^’s cannel, while the third and fourth resemble that 
from Pelaw, Pelton, and other Newcastle coals. A 
mTore elastic vapor probably remained in the gas from 
which these substances w^ere condensed, which would 
have a lower specific gravity, and come to resemble the 
condensable matters and Lesmaliagow cannel gas. The 
specific gravity of the condensable matter from these 
gases may bo seen from the annexed table by Mr. 
Kvans of the Wesiminstor Gas Works, taken from the 
Jovrnal of Gcut-llffliling 


Xante of Coni 

r.its 
pi 1 itm 

ConilonAcd 

pci fl'llt 

by 

bromine. 

Pp^lflc 

ol 

Rite 

RTliVlty ot 
COUiliMteCll 

111 'ilti.r. 

riiotoffiuitc PowW. 

1 

i 

A) tual 

iJy 

analy His 

lldghl'tul, . . . 

l.^OOO 

30- 

•752 

1-21 

37-75 

36-3 

1 

Lenmahagow, Ko. 1 

13,500 

16* 

•042 

1-64 

27-1 

26-24 

1 

Do., Ko. 2, 

13,200 

17* 

•618 

1 -43 

24-8 

24-31 


Capoldrae, 

11,400 

JC-5 

•577 

1 -29 

li)-75 

21*28 


Amislou, 

13,600 

17- 

•026 

D-IO 

22-50 

23-80 


liam.soy, 

10,300 

12-,5 

-.548 

1-82 

21-40 

: 22-95 


\VoniysH 

14,300 

14-5 

■580 

1 87 

24-50 

27-11 


KirknesH, 

12,800 

10-2 

•562 

1-05 

21-20 

19-88 


Knighlswood, 

13,200 

0-5 

•550 

2*28 

19-00 

21-66 


VVjgan — Inccliiill 

11,400 

11-5 

•528 

1-77 

20-00 

20-35 



The following table shows tlio illuriiinatiiig value of 
the gas obtained from Newcastle coal, and may serve 
as a fair indication of the character of the gas supplied 
in the metropolis : — 


Name of Coal. 

0«« i>er ton 

IlliiiiiiiinI'' 
ilig powor 

Spi'rlrtr 
gtuvily of 
gaa. 

roiidonna- 

tlOtl pL'T 

ccut. 

TeHon, 

11,000 

14-0 

•430 

4-5 

Pelton Caiiiicl, 

11,. 500 

18-5 

-.521 

10-5 

Leverson, 

10,800 

12*6 

•425 

4* 

Leverson Cannel, .... 

11,600 

18- 

•523 

10- 

Washington, 

10,000 

14- 

•430 

5- 

Washington Cannel,.. 

10,600 

18* 

•500 

10-5 

Pelaw, 

11,000 

12-75 

•420 

4-5 

New Pelton, 

10,500 

12* 

•415 

4-75 

Deanes Primrose, 

10, .500 

13-5 

•430 

.5- 

Ponesfield, 

10,500 

11*5 

•398 

3-75 

Qosfortl), 

10,000 

12- 

•402 

4* 

West Hartley, 

10,500 

12-5 

•4-20 

4-2 

Hastings Hartley, .... 

! 10,3(K) 

12-5 

•421 

4*3 

Blenkinsop, 

9,700 

14* 

•460 

6- 


The only sure method of arriving at the actual 


amount of carbon in a gaseous mixture, and at the 
same time showing the character of the carbonaceous 
compounds contained in it, is to combine the conden- 
sation method with an organic analysis, or by the old 
plan of combustion with oxygen, as proposed by 
IIenry, noting the quantity of ox3^gen consumed, and 
the amount of carbonic acid produced. Thus, n known 
volume of coal-gas is mixed with an excess of oxygen 
and exploded, tlie amount of carbonic acid produced 
and of oxygen consumed being ascertained. An- 
other eq\ial volume is then treated wdth an absorbent, 
as hnli3"drous sulphuric add, and after all the residue is 
again mixed with ox3^gen, and exploded ; the amount 
of carbonic acid being again ascertained, and deducted 
from the quantity obtained by exploding the original 
gas. The quantity of carbon contained in the con- 
densed portion of the gas being thus ascertained, its 
value as an illuminating agent may be calculated 
accordingly. There appear to be some compounds of 


158 


GAS Illuminating Power op Gases. 


carboD and hydrogen in certain coal gases difl'crcnt 
from light carbide of hydrogen, and which are not 
condensed by any of the absorbents named, and which, 
nevertheless, add much to the illuminating power ; so 
that calculations based upon tho above method of 
analysis will prove rather below than above tho true 
value of the gas. 

In estimating the value of gases by tlie photometer, 
it is absolutely necessary to burn the gas in a great 
variety of ways — with differently constructed burners, 
in different quantities, and under varying amounts of 
pressure — in order to ascertain under what conditions 
it affords its full value as an illuininating agent. A 
gas which is very rich in heavy hydrocarbons cannot 
be burned to advantage with a burner adapted for less 
rich gas — the apertures require to bo smaller, in order 
to bring more oxygen into contact with each flame ; 
and a poor gas, on the contraiy, burned in a manner 
suitable for rich gas, will not aflbrd its maximum oflect, 
in consequence of too much air being brought into 
contact with the flame. 

j If the central ring of an argand burner, consuming 
1 oil without smoke at its maximum degioe of brightness, 

I be closed so as to exclude the inner current of air Irom 
I the flame, the brightness is visibly diminished, but, 

; strange as it may appear, the amount of light, as in- 
^ dicated by the photometer, is increased. A greater 
! nuraher of tho particles of carbon are rendered lumi- 
! nous before being consumed, by climinisliing the su])ply 
of air in this manner, and a greater quantity of light 
diffused, although the light is not so brilliant. Py 
increasing tlie supply of air, much of tho cm bon is 
consumed at once, without taking a solid form in the 
flame ; more heat is then produced, and those particles 
which are solid in the flame are moic inteiibely heated : 
quantity of light is then sacrificed to intensity. Gas 
has little tendency to smoke. It is generally better 
suited to tho production of inteiusity than quantity of 
light ; and for this reason, in comparing the illuniinating 
power of diftereiit gases with each other, it would be 
I better to ado[)t as a standard the flame of some gaseous 
mixture of known comj)osition, instead of the sjiorma- 
1 ceti candle, which is calculated for aflbrding quantity 
I rather than intensity of light. 

i The more carbon there is contained in gas the 
heavier it is, and specific gravity has, theiefore, been 
' often resorted to, as an indication of the relative value 
of different gases. If carbonic acid has been completely 
separated, and no excess of carbonic oxide is present, 

I the specific gravity may furnish an important indication 
I to the manufacturer of the value of gas made under 
similar circumstances; but it can never replace an 
analysis in judging of the value of different gases, as 
j the amount of carbonic oxide will vary with the kind of 
I coal used, and the method of conducting the distillation, 
the specific gravity of which is very nearly equal to 
that of olefiant gas. 

Mr. Wright employs a small balloon, capable, 
wlien filled, of holding one thousand cubic inches 
of gas, which is gauged by a ring fitting its largest 
diameter when full. The weight of the balloon and 
car being known, and the air expelled, it is fiUed with 
gas ; weights are then placed in the car until it remains 


I in equilibrium in tho air. ^ The data thus obtained, with 
corrections for temperature and pressure, afford an 
approximate means of ascertaining the specific gravity 
of the gas. Mr, Wright has constructed a table, by 
simple reference to which, and a knowledge of the 
weights required to balance the balloon, the specific 
gravity may be read off for any variations of tempera- 
ture and pressure. Little reliance is, however, placed 
by gas enginoere upon any test of illuminating power 
based upon specific gravity, as tliis is often considerably 
increased by the presence of carbonic acid and car- 
bonic oxide, which add to the weight witliout increas- 
ing tlie illuminating power of gas. 

Christison and Turner observed the following 
relations between tho specilic gravity and illuminating 
power of coal and oil gas ; — 

Spocifle (gravity. Kflnllou of IDunilnAtliig' poiver. 

• ' ^ / * \ 

Uf (.'onl-(fQB. Oi'Oil-gM OfCoHl-gHH. OfOil-ga» 

0 118 100 HO 

O f)? 8 O-yjO 100 225 

0-005 1-1 10 100 250 

0-407 0*040 100 354 

0-429 0-905 100 350 

0-508 1;175 100 310 

0*529 0*986 100 272 average. 

According to a report made by IIedlky to Parlia- 
ment, the illuminating power of coal-gas, in twelve 
principal districts of England, amounts to between 
4*408 and 1*645 times that of a tallow candle— six to 
the pound ; but ordinarily about two or three tijnes, 
when the consumption varies from 2*3 to 1*5 cubic leet 
per hour, and Ujc s]»ecific gravity fiom 0*58 to 0*412. 

With the same burner and gas, the amount of light 
depends upon the height of the flame, which practically, 
the pressure being nearly coiibtuiit, is regulated by the 
position of the cock, or by varying the size of aperture 
in the burner. According to Christison and Turner, 
tho advantage increases wfith the height of the flame, 
but to a limited extent only, and for a aimj)lc jet in the 
following proi)Ortio]i : — 


liiO'tiMily (>t tliv 

from vqii.d I Lual-K<tii OJl-gim 

Lrii^tli of 

of tho 

HIIUIO 111 - ’ ' ' ' - ™ 

iiuliua. liitoiiHity Ghb roii- Intoiifuty Gmii ooit- 

CoaLgaa OU-gu*. ,,, Hghi. •umtid. ol the light auuiod. 

1 __ — — 22-0 .13*1 

2 100 122 55*6 CO -5 63*7 78*5 

3 109 159 100-0 101-4 96-5 90-0 

4 131 181 150-0 12G-3 111*0 118-0 

5 150 174 197-8 143-7 178*0 153-0 

C 150 — 247-4 182-2 — — 


Thus the point at which further advantage ceases 
to result on raising the flame of oil-gas is four inches, 
wliilst for coai-gas it is five inches, which in gencial 
requires the flames to be higher. The consumption of 
gas and the intensity of the light increase together, but 
the latter in a more rapid ratio up to a certain point. 
Tins occurs to a still greater extent with argand 
burners, for which, with the same consumption of gas, 
these obscrvei-s found tho intensity of tho light to be, — 

100 282 560 582 682 604 
At a height of 0*60 1 2 3 4 6 inchcB. 
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According to Fyfe’s experiments upon different 
burners, in which he probably used a better kind of 
coal-gas, the increase is as follows : — 

With twenW-four 
apertureB of one- 
fortieth of an inch, 
the diaiheter of tho 
perforated ring be- 
ing seyen-eighthH 

of an inch, 100 121‘8 — 18&-6 — 236*6 — 235*4 

With for^-two apor- 
tiires of jne- fiftieth 
of an inch, the ring 
being twenty-one 
twentieths of an 

inch in diameter,. 100 136*6 — 176*2 — 194-8 -- 242*3 
Height in incheB,... 1 1*5 1*75 2 2*5 2*75 3 3*5 

Lastly,' his experiments gave a view of the intensity 
of tho light produced by the same quantity of gas in 
different buniers, when separately compared at the 
most advantageous height of the flame : — 

BatV-whis Arffand burnon 

f ^ r * > 

Fisb-tHlI With - 21 , With 43 I 


Btimen BlmplojAt Bmnll L 

Quantity of light 1 
trorn tlio fiamf* vlOO .. 135 . . 
amount of gaB, ) 

argQ burnor h 

164 .. 138 .. 


One-hnlf 

loot 

One foot 

i:iingle Jet : 

Consumption per hour, 

•5 

1* 

Olio foot — camlles, 

2*15 

2*6 

One foot = grains of sjieirn., . . 

258*3 

311*8 

Lavemhtre Fislt-tail, Ko. 0: 



Consumption per hour, 

•5 

1* 

One foot — cauflleB, 

1-78 

2*18 

One foot = grains of sperm., . . 

214-1 

262*5 

LarniaJiire Fish tail^ No. 1 : 



Consumption per liour, 

•5 

1* 

C)ne foot — CKudlcB, 

1*76 

2*65 

One foot =r grains of sperm.,. . 

211*3 

317-9 

Ijancashire Fish-tail, No, 2 : 



Consumption per hour, 

•5 

1* 

One fool — cancllea, 

2-26 

3-11 

One foot = grains of sperm., . . 

271*2 

373*3 

Lancashire Fish-tail, No. 3 : 



Consumption per hour, 

*5 

1* 

One foot — candles 

2-26 

3-48 

One foot = grains of B|ienn., . . 

271*2 

417*4 

Lancashire Fish-tail, No. 4 : 



Consumption per hour, 

*5 

1* 

One foot — candles, 

One foot r= grains of .sj)crm., . . 

2-38 

3-49 

285 5 

419*5 

Fat's Wing: 



Consumption per hour, 

•5 

1* 

One foot — candles, 

1-83 

3*01 

One foot =r grains of sperm-, . . 

220- 

301-6 

Sixteen-hole Argand, small 
holes in ring 0*82 in dia- 
meter: 



Consumption per hour, 

— 

1* 

One foot — candles, 

— 

0-323 

One foot = grains of aj>orm., . . 

— 

38*76 

Winfidd's twentg-eight hole 
Argand, registered Jvly 25, 
1848, with dighUy conical 
chimney: 



Consumption per hour, 

— 

1* 

One foot — candles, 

One foot = grains of spcrni., . . 

. — 

0*344 

— 

41*2 

Winfidda fifty-e^ht hole Lu- 
cent Argand, registered 
Mandi 20, 1645: 



Consumption per hour, 


— 

One foot -*— candles, .......... 

- 



One foot = grains of sperm.,. . 

— 

■ — 


According to the observations of Hedley, already 
quoted, which were made in the gas-works at Sheffield, 
the intensity of the light of a simple four-incli jet is to 
that of a 3*5 inch argand flame— -from fourteen aper- 
tures — as 1 : 4*4 to 4*8, the amounts consumed being 
as 1 : 3 cubic feet, which corresponds to a greater 
amount of light from the argand burner by from 1*47 
to 1'6 for the same quantity of gas. From the general 
report of the same engineer upon the principal gas- 
works in England, it is found — in the case of coal- 
gas — the average specific gravity being 0*476, that a 
simple jot, four inches in height, consumes on the 
average one cubic foot per hour. 

The superiority of the flat flames over the simple 
round ones, explains an observation which has been 
made with regard to the argand burners. Wlien the 
apertures in it are placed so far apart as to form a circle 
of distinct jets, the effect is onc-third weaker, with the 
same current of gas, than when tho jets— -of one-sixth, 
to one-eighth of an inch — unite into a single flat ring. 

The subjoined experiments on the illuminating power 
of Wigan cannel-gas with difierent burners have been 
recorded by Mr. Alfred Kino: — 


llirfiB I Four FJire 

mill u liiJf FourAwt und fl hnir FiTcfbnt andnhnlf 
left I ft I’t feet 


1*5 — 

1-76 — 

i 211*9 — 


3 *66 ■ — 

4ay-4 — — 

3 * 3-5 -- 

4-18 41 - 

501 *9 492-8 — 

3 * . 3-5 4 * 

4-5 4-41 4-3 

539*9 530*1 516-6 


4* 4-5 

4-46 4-32 

535*1 519* 


1*5 2* 

1*16 2*26 

139*1 271*3 


4-5 5* 

3*07 3*82 

3G8-9 458*8 
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The following experiments upon the illuminating 
power of Newcastle canncl-gas, were made by Mr. 
Wright with the burners used in London for con- 
suming that kind of gas : — 

The No. 1 Scotch fish-tail gives a flame fully spread 
with *85 inch pressure, and when burning at the rate 
of 1*4 feet per hour, beyond which point it begins to 
show streaks of blue. 

The No. 2 Scotch fish-tail is fully spread with *9 inch 
pressure, and when burning at tlio rate of 2*4 feet per 
hour. 

Guise’s burner is an argaiid with twenty-six holes, 
the inner diameter of the ring being six-tenths of an 
inch, and the outer nine-tentlis of an inch. It has a 
metal button, five-tenths of an inch diameter, one inch 
above the face of the burner. The glass chimney is a 


straight cylinder, two inches diameter and six inches 
long. 

With a three-tenth inch pressure, and a consumption 
of 4' 5 feet per hour, the flame becomes irregular, and 
has a tendency to deliver smoke. 

The standard candle used by Mr. Wright con- 
sumed one hundred and thirty grains per hour, and for 
this, to insure a greater regularity of flame, a No. 2 
fish-tail, burning *4 feet per hour, was substituted, and 
found exactly equal to the candle. 

In tho first of the following tables, the results are 
multiplied by one hundred and thirty, and divided by 
one hundred and twenty, so as to reduce them to a 
standard candle of one hundred and twenty grains per 
hour, as done by Mr. King : — 


Comtumption per hour 

Olio foot 

One 

anil H half 
tout 

Two foc-l 

Two 

and n hal 1 
teot 

Thi 00 foot 

'llirco 
and a half 

Four foot 

Four 

and • half 
foot 

iScotcJi Fish-tail^ No. 1 : 

One foot — candles, 

4-875 








One foot — grains of sperm.,- 

585* 

G02- 

— 



— 



Scotch Fish-tnU^ No. 2; 1 









One foot — candles, 

5-05 

5-77 

.5- ‘>5 

5-84 

5 3 





One foot — grains of spenn., 

COG- 

GtK> 

714- 

700- 

503- 

— 

— 


Guise's Argand: 









One foot — candles, 

— 

1-08 

I -85 

3-12 

4-85 

4-05 

5-77 

C'74 

One foot = grains of spciin., 

— 

129- 

‘222- 

I 

.374- 

582- 

:)94- 

692- 

808* 


Mr. WuiGiiT, however, prefers 


the subjoined form of quoting 


the above results ; - 


SrKUMAri'TI CANDLICH OF OKK HIJNURED AN1> THIRTY CRAINS I'KII HOUR. 


No. 1, Scotch FUh- 














tail : 














Gives light = 

i 



1 

2* 

4 

r. 

8 





candles. 

When huriiing 

Feet of gas required 
to produce a light 

I.-: 

•2 


•4 

•G 

.9 

1-3 

1-8 





feet ]>cr hour. 

•8 

•G 

•4 

•3 

■225 

•217 

•225 






=: one candle, .... 
No. 2, Scotch Fish- 













tail : 














Gives light =r , . , . 




i 

2 

4 

G 

8 

10 

12 

14 

IG 

candles. 

When hurning 

Feet of gas required 


•2 

•3 

•4 

•G 

•9 

1-2 

1-5 

l-H 

2-2 

2-G 1 

3-2 

feet per hour. 

to produce a light 
= one candle, .... 

•8 

■6 

•4 

■3 

•225 

•2 

•187.5 

•18 

•183 

•185 

•2 


Guise 8 Argand: 













Gives light = . . . . 

2 

4 

8 

12 

IG 

20 

1 24 

28 


.... 



candles. 

When burning 

Feet of gas required 
to produce a light 

1-7 

) 

2-1 

2-6 

3-1 

3-5 

3-19 

4-2 

4-5 

.... 




feet per hour. 

y -85 

•525 

■325 

.258 

•219 

•195 

•175 

•IGO 






= one candle, .. . . 

i 






i 









Mr. BAitLOW has recorded some experiments made 
by him with dilferent burners on gas manufactured from 
a mixture of Polton, Felling, and Dean’s Primrose, all 
first-class Newcastle gas coals, the average produce 
being eight thousand five hundred feet per ton of coal. 
The burners he used were : — 

1st, A Number 3 fish-tail, or union jet. 

2ncl. A Number 6 bat’s- wing. 

3rd, A common argand, with fifteen largo holes in a 
ring *85 inch diameter, and a cylindrical chimney -glass 
7 inches high. 

4th. A Platow’s registered argand, with large holes 


in a ring *0 inch diameter, with inside and outside cone, 
and cylindrical chimney-glass 8*5 inches high. 

5th. A Biznner’s patent Number 3 argand, with 
twenty-eight medium -sized holes in a ring *76 inch 
diameter, and cylindrical chimney-glass 8*66 inches 
liigh. 

6th. A Winfield’s registered argand, with fifty-eight 
medium-sized holes in two rings of twenty-nine holes 
in each, the mean diameter being one inch, with 
deflecting button inside and gauze below; beflied 
chimney -glass eight inches high. 

7th. A Leslie’s patent argand, with twenty- eight jets 
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iji a ri/}g ‘95 inch diameter, and chimney -glass 3’5 
inches high. 

8th. A Guise's registered shadowless argand, with 
twenty-six large holes in a ring *86 inch diameter, and 
deflecting button; cylindrical chimney-glass 6*1 inch 
high, and glass reflecting cone to outaide gallery. 

On an average of numerous trials the annexed re- 
sults were obtained : — 


Uuru«r. 

Consumption 
per hour. 

Value of one 
cubic ti>ot 
in RraitiH 
of aperni 

Standerd 

oauUlM 

iwr 

cubic foot. 

VhIuo of 
el,rht thoiiiuind 
live Ituiidrofl 

IriOt ol (fan 

in poundt 
of aperiQ 

No. 2,. 

.... 4*9 ... 

. . . 289- 

.2*4 . . 

. . , . 351* 

No. 3,. 

.... 5*5 ... 

. . . 34.3* 

. 2-85 . . 

. . . . 416* 

No. .5,. 


. . . 374* 

. 3-11 

447- 

No. 6,'. 

. . . 

5-5 ... 

. . . 337* 

. 2*8 . . 

. . . . 409* 

No. 8,. 

. . . . rv5 . . . 

. . . 350* 

. 2*91 . . 

. . . . 425- 


SEKIES NO. 11. 



No. 1,.. 

... 5-5 ... 

.. 276* 

.2-3 .. 


■No. 2,., 

... 

. . 290* 

. 2-41 . 

. . , 

. . . S,V2- 

No. 3,.. 

. . . rr.-i . . . 

. . 341- 

. 2-84 . . 

. . . 414- 

No. 4,.. 

. . . f>'5 , . . 

. . 348- . . . . 

. 2-9 . . 

422' 

No. 5,.. 

. . . f)-5 . . . 

, . 3H0* 

. 3-lG . . 

. . . 4(U' 

No. 6,. 

. . . S*,') . . . 

. . 335‘ 

. 2*79 . . 

. . . 406* 

No. 7,., 

. .. 4‘1 . 

. . 309- . . . 

. 3-07 , . 

448- 

No. 8,., 

... ... 

, . 3G4- 

. 3-03 . . 

. . . . 442* 


It is quite evident from these experiments that the 
No. 6, or X)r. lyl'o’e Aberdeen argand, required a 
longer consumpt than 5*5 feet per hour to bring out tlie 
full eflect of Newcastle coal-gas of the quality used in 
this case, for, when the consmiq)t was increased to 6*5 
teot ]>er houi', it gave results equal to any of its com- 
peers at 5*5 foci. No. 2 and No. 7 burners were tried 
with the utmost quantity which could be consunied in 
them without smoking or burning advantageously. 

Though these experiments indicate the relative 
adaptation of the several burneis for tlic combustion 
of Newcastle coal-gas, they must not be taken as 
settling the question of the practical value of each. 
Some of them cast shadows, which detract consider- 
ably from the light they yield whcji placed above the 
level of the eye ; this is particularly the case with No. 
5, wliich otherwise gives the la^st results. Others, like 
No 7, require a perfect uniformity of pressure, and an 
absence of all currents of air. Taking all things into 
consideration, No. 8 is, perhaps, the one to which 
these objections least apply, and it gives tlie next 
largest amount of light for the gas consumed, though 
the slight advance upon the (»ld argand, as consti’ucted 
twenty-five years since, cannot fail to be remarked. 

Glass chimneys are not so requisite for gas as for 
lar»up flames, and their eflect is quite different from that 
exe.'ted upon tlie wick flame of a lamp. The jet of 
gas, as it leaves the burner, is in far rnoro correct 
relation to the air, than is the case with the gas pro- 
duced at tlie burning margin of the wick. 

Argand wick flames require a strong draught, and 
never burn without smoko, unless a chimney is used ; 
with gas flames, the glasses are used ratlier to steady 
the flame than to insure its perfect combustion : they 
are nlways made shorter than the glasses of oil-lamps. 
If too high chimneys are used, the draught of air soon 
cools the base of the flame, and the air becoming 
mixed with ilie gas, a diminution of the light results, 

VOT,. Tt. 


which is caused by the combustion of too much carbon 
simultaneously with the hydrogen ; hence but little is 
momentarily separated in the flame. A striking proof 
of this is afforded by the well-known experiment, in 
which a closed cylinder of wire-gauze, through which 
; flame cannot be communicated to a combustible mix- 
ture, is adapted to a gas-burner. The jet of gas which, 
without the case of wire-gauze, yields a perfect flame, 
l>ecomes intimately mixed with air in the interior of 
the case, and on its exit burns with a pale blue light, 
because the separation of carbon in the flame no longer 
occurs, botli carbon and hydrogen being burnt simul- 
taneously. This experiment gives an important hint 
on the general management of the draught in illumi- 
nation. The same result may be observed when the 
gas is allowed to escape with too groat velocity ; and, 
if the proper limit is exceeded, the flame may be ex- 
tinguished by being too much cooled : with a certain 
velocity, the current will not ignite for a distance ot 
several lines from the aperture, and then bums with a 
faint blue flame, the gas having become mixed with air. 

It is by taking advantage of this effect of a strong 
cilrreut of air, that the highly carbonaceous vapors of 
oil of turpentine, coal-tar naphtha, and similar sub- 
stances, may be burned without smoke, as in Busson 
and Rouen’s apparatus, or in Holliday’s lam[>B. 
The oils being allowed to escape in the form of a jet of 
vapor, under a pressure varying, according to circum- 
stances, from four to twenty-four lines of mercury, the 
excess of carbon is brought to a proper proportion by 
tlie admixture of air, without interference wHth the 
order of combustion. In this manner brilliant flames, 
free from soot, are produced. 

Among the arrangements which increase the light 
by raising the toniperatiire of the air, the burner in- 
vented by M. Pakisot of Paris is distinguished by its 
simplicity and great facility of construction. It admits 
the air by narrow passages between two thick concen- 
tric cylindc^rs or cones, about four inches in height. 
The gas escapes by a circular slit, easy to clean. I'his 
burner gives a full light and a very steady flame. 

Application of Gas as a source of Heat. — Gas has 
long been employed as a source of heat in chemical and 
pliarmaceutical laboratories, but it is only during the 
last lew years that it has been more extensively used 
for cooking, warming apartments, et cetera, 

ComjKirison of the variom methods of Illundiriation 
with, each other.— the foregoing remarks, the relative 
illuminating values of the various methods of producing 
artificial light have generally been shown, without re- 
ference to the cost of the light. This still remains to he 
considered, in order to estimate their relative economy. 
1’eclet, ill the following sketch, has in each case taken 
tlie cost into account ; but ibis will vary with the rise 
and fall of markets, and with the locality. The price 
of a pint of oil — 0*9 lb,— -is hero fixed at about five- 
pence ; of one pound of tallow candles at sevenpence, 
wax candles at two shillings and twopence, stearin 
candles at one sliilling and fourjicnco ; a pint of illumi- 
nating spirit — 0*8 lb. — at eightpenoi- ; of one hundred 
cubic feet of coal-gas at sevenpenoe ; and lastly, of 
one hundred cubic feot of oil-gas at two shillings and 
threepence. 
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GAS Relative Cost. 


Mean* of ninmlnatlon. 

Inteniilty 
ot the 
light 

CoiiiiuiU]>- 
tlon of 
tUuminet- 
Ingtnato- 
nal per 
hour. 

niamJuat- 
ing iKiwer, 
Carcel'a 
lamp — 100. 

Prioti of 
JUO 

grojiiniM 
of illaml- 
natiug 
maitar. 

Coat of the 
light per 
hour In 
pence. 

Coat of a 
light of the 
•ante in- 
ienilty per 
hour In 
penoe. 

Tallow caudles, six to lb., 

10-66 

8-5 

54-04 


1-5 

0-125 

1-169 

Wax “ six “ 

14-60 

9-6 

61-57 


5- 

0-461 

3-156 

Stearin “ five “ 

14-40 

9-3 

66-58 


3-2 

0-298 

2-066 

Kitchen lamp, 

6-66 

8-0 

33-60 

I 


0-083 

1-246 

Lamp with flat wick, 

12*50 

11-0 

47-50 



0-114 

0-912 

Astral lamp, 

31-00 

26-7 

48-70 



0-280 

0-893 

Sinnmbra lamp, 

66-00 

37-1 

63-0 


1 1-4 

0-385 

0-687 

Lamp witli inverted reservoir, 

90-00 

43-0 

87-8 



0-446 

0-495 

Hydrostatic lamp, 

45-00 

17-26 

109-2 



0-179 

0-398 

Oarcel’s lamp, 

100-00 

42-0 

100-0 



0-435 

0*435 

Vapor lamp, 

130-70 

151-0 

36-2 


1-3 

2-013 

1*207 





Ver too 





C. F. 



C. F. 



Coal-gas, 

127-00 

8-70 



7-0 

0-680 

0-466 

Oil-gas, 

127-00 

1 2-43 



19-2 

0-630 

0-367 


Tho light of wax caudles is tlio most expensive, 
then that of stearin candles and the vapor lamp, which 
are also costly. There are, however, few instances in 
which public opinion and scientific estimation of the 
value of an article are so much at variance as with 
reference to the means of illumination in general ; occa- 
sional deceptions, such as occur in the lamp of Benk- 
LER, not being taken into consideration. A glance at 
the last column in tho above table shows that the 
modes of illumination which, cn account of their sup- 
posed cheapness, are partly used by the wealthy and 
exclusively by the poor, are those which — excluding 


articles of luxury, such as wax, et cetera — cost roost in 
producing a certain degree of brilliancy. A gfiven 
amount of light yielded by tallow candles costs from 
three ‘fifths to twice as mucli as when it is obtained 
from the lamp of Caiccei. ; with tho kitchen lamp it 
costs nearly three times, and hy the lamp with the flat 
wick more than twice as much. 

The more ordinary light-giving materials have re- 
cently been examined, and compared wfilh tho light 
obtained from what iscallc?d common or thirtoeii-candle 
coal-gas. Tried by the photometer : — 


On© thousand cubic feet 

ti 


a 


of gas were found equal to tho light of 312,000 grains, or pounds of sporm candlps. 


341,750 

358.000 
370,540 

381.000 

417,220 

366,310 


48 j ])ouiids of cjiiefully-Bimffed wax candles. 

61 i pounds of Htt*aric acid candles. 

62 pounds of best mould caiKllw. 

64 5 pounds of best dip candles 

( gallons of purified colza oil spmfic gravity 

X Olfl. 

Si'o gallons of .spent! oil, specific gi*avity 888. 


As the price of gas varies in diflcrcnt parts of the 
Uuihid Kingdom from four shillings and sixpence to 
ten shillings per thousand cubic feet, to obtain the 
relative cost it is necessary to multiply the prices of the 
other materials per pound with the numbers in the 
above table. 

Thus, with gas at four shilUiigs and sixpence per 
thousand cubic feet, and dip candles at sevenpence per 
pound, the cost of an equal amount of light from the 
two sources will be as four shillings and sixpence to 
one pound ten shillings and tcnpence. 

The great obstacles to the more general introduction 
of gas-light into private houses, are tlie difficulty of plac- 
ing the light in such a position as to bo available for 
all purposes, and that of reducing the consumption to 
the requirements of the consumer. A candle or a lamp 
can be placed wherever it is wanted, while a gasdight, 
even when flexible india-rubber tubes are used, is 
always more or less a fixture. The burners in common 
use are also calcrlated for giving more light than is 
required for one oi two persons ; and hence, though the 
light from gas is so ver}'^ much cheaper, yet a larger 
quantity of light than is absolutely necessary being 
generally employed wherever gas is introduced, the 


actual saving hy its introduction is not so great as 
the dificrcnce of price in the light would make it 
ajipear. 

The foregoing tables also show that the most econo- 
mical light is obtained from tlie best constructed lamps, 
which, in addition to being costly themselves,^ also con- 
sume large quantities of oil, and are therefore not 
economical when used by a single person. There still 
appears much room for improvement in the adaptation 
of good lamps to the requirements of small corisumera. 
A Mhnp which would give tho light of one or two 
spennaceti candles, and yet be relatively as economical 
in the consumption of oil as C A reel’s or the French 
moderator lamp, would probably command an extensive 
sale . — Richardson and Ronalds. 

Detection of Sulphide of Hydrogen, Bisulphide of 
Carbon, and Atmospheric Air in Coal-Gas .^ — A quick 
approximative method of estimating the above in coal- 
gas, which has long been considered a great desidera- 
tum by chemists, has been given by Thornton J. 
Hebapath. The reagents and apparatus required 
are : — 

1. A weak aqueous solution of caustic potassa. 

2. A strong alcoholic solution of caustic potassa. 


L 
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3. A solution of Hie nitrate or acetate of lead. 

4. A standard solution of lead, containing one, two, 
or three one-hundredUis of a grain of metallic lead, as 
nitrate or acetate, to one hundred or one thousand 
water-grain measures of solution. 

5. A standard meter, such as is generally used for 
testing Hie illuminating quality of coal-gas. 

6. Two Liebig’s triangles, and 

7. Three graduated tubes or colorimeters of uniform 
bore. The aqueous solution of potassa is used to 
absorb the sulphide of hydrogen, whilst the alcoholic 
is afterwards employed to dissolve the bisulphide of 
carbon vapor, which it converts into xaiithate of potassa, 
a salt decomposable by heat into eulphido of potassium, 
sulphide of hydrogen, et cetera^ as exhibited by the 
equation ; — . 

-f. 2no = COa 4- IIS + 

XauUialo of i>otaaM, Wktor. C'ju’boulc hiilplildir' <»f 

acid. 

Sji -I- K fl 4 C* Hfl 0, HO. 

Blaiilphldu hulpliido ot AlculioL 

of carbon. potauium 

In iesliug a gas by this method, ono proceeds as 
follows: — The two triangles having been properly 
filled, the one with the aqueous, and tho other with 
Hie alcoholic solution . of caustic potassa, they are 
connected together by a piece of sheet caoutchouc in 
the usual way, and attached to the exit pipe of tlie 
standard meter, care being taken to place the one con- 
taining the aqueous solution next to the exit pipe. A 
known quantity, say ten, twenty, or thirty cubic feet 
of the gas to be examined, is tlicn tardily transmitted 
through the triangles ; the apparatus is slowly discon- 
nected, and the contents of the ti ianglos arc separately 
poured into two different colorimeters. The solutions 
are next diluted with a little distilled water, mixed with 
a few drops of a solution of lead, and the alcoholic 
solution is heated to tho boiling point, or until no 
further darkening in color ensues. The caustic alkali 
of both solutions is then supersaturated either with 
acetic or with very dilute nitric acid, and water is added 
to dilute to the required degree. As the sulphide of 
lead produced by the decomposition of the xanthate of 
potassa that was contained in tho alcoholic solution is 
generally, if not always, much less in quantity than that 
produced by the sulphide of hydrogen absorbed by the 
aqueous solution of tho alkali, it is advisablo to dilute 
the former with less water. The depth of tint commu- 
nicated to the fluid by the sulphide of lead in thj^alco- 
holic solution, is then compared with that produced, by 
adding the standard solution of load, drop by drop, 
from a gi*aduated tube, into a third colorimeter, which 
is filled nearly up to the same mark with distilled water, 
mixed with a few drops of pure citric acid, and of a 
solution of sulphide of hydrogen. So soon as the tints 
correspond, the measure of the solution in Hio two 
colorimeters is accurately adjusted by adding a litHe 
more water cither to the one or the other ; a litHe more 
of tho standard solution of lead is then poured in, if 
requisite, to Hie trial colorimeter, and the number of 
measures of the standard solution that has been taken 
is carefully noted. The operation is then repeated with 


the contents of the other colorimeter, containing sul- 
phide of lead from the aqueous soluHon of potassa ; and 
the number of measures of the standard solution of 
lead taken, is again read off. By a simple calculation 
are estimated Hie relative proportions of bisulphide of 
carbon and sulphide of hydrogen, by weight, contained 
in the gas examined. 

For example, let a represent tho quantity by weight 
of bisulphide of carbon which is equivalent to the lead 
contained in one thousand grain measures of the 
standard plumbous liquid ; b the quanHty of sulphide 
of hydrogen equivalent to the lead contained in the 
same bulk of the standard solution taken, as before 
explained, to produce a tint equal in intensity to Hiat of 
the sulpliide of lead in the alcoholic solution ; and d 
the number of measures of tho same solution by the 
aqueous solution: — then the proportion by weight 
of sulphide of carbon and sulphide of hydrogen con- 
tained in the number of cubic feet of gas operated upon, 
is obtained in the following equations : — 

Bisulphide of carbon, = 4 2— nearly. 

• Sulphide of hydrogen, = 

And as one hundred cubic inches of bisulphide of 
carbon vapor, and sulphide of hydrogen, weigh respec- 
tively at 600°, and 30 inches of Bar. 81 '8167 and 
36‘331 grains, the result of the above calculation affords 
the means of ascertaining the proportion of these two 
substances by volume. 

rhe presence of atmospheric air in coal-gas can be 
readily detected, by collecting a portion of tho gas over 
mercury, and then passing up, first a few drops ol 
caustic potassa, and afterwards a drop or two of a 
solution of pyrogallic acid. If the liqjjid assume a 
bloofl-rcd hue, oxygen, indicating the presence of atmo- 
spheric air, is mixed with tho gas. 

It would be quite out of place in a work like this 
to enlarge upon the different varieties of gas-burners, 
as that subject relates more particularly to mechanics. 
Still the Editor will cursorily glance at them, and 
for this purpose he cannot do better than append the 
followijig remarks from tlie able work of Drs. Rich- 
ardson and Ronalds : — 

TheBaniers.—Ynjm the leaden pipes — in thecireflit 
of which the meter is placed, if used at all — the gas 
passes to the hurnerSy each of which is furnished witli 
a separate brass tap. Good tight stopcocks are much 
more difficult to make for so light a substance as gas, 
tlian for liquids. The burners are very similar to those 
used for lamps, but as neither wick nor oil level requires 
special consideration, the management of the gas-burners 
is comparatively simple. The amount of gas consumed 
in a given time, however, must bear a proper relation 
to the supply of air, that the flame may not smoko or 
burn with a blue flame. This is regulated partly by 
Hie tap attached to the burner, and an excess of gas is 
avoided by making the aperture of the burners very 
small, which increases the velocity of the current. Tlio 
same quantity of gas issuing from a wide orifice would 
produce a thick, sliort, and dull flame, because the sur- 
face in contact with the air would be increased. No 
gas flame should be allowed to issue from a wide open- 
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ing, for the Barae reason tiiat thick massive iamp-wicks 
are not desirable. 

When the burner has a single aperture of the diameter 
of a bristle, a simple jet is produced in the form of a 
long, thin, conical flame. The hat’^s-wiTig^ or flattened 
flame, which tlie gas forms when it issues from a nar- 
row slit, instead of a round aperture, is much more 
appropriate. A similar and equally good flame is 
produced by a bunier witli two apertures close to each 
other, the channels of which are inclined inwards, 
so that both the currents of gas cross each other at the 
base. They then form ^ flat flame spreading out in 
the form of an inverted triangle, and the burner is 
called a fish or swallow-tail. 

Simple flames of this kind are generally burnt with- 
out any chimney. When a greater quantity of light is 
required, a greater intensity of flame, the argand 
burner, Fig. 122, is generally chosen. The gas from the 
pipe enters the annular space, a a, which is closed 
above by the flat [date, b, Fig. 123. In this plate are a 
number of fine apertures, arranged in a circle, and so 
near to each other that the separate flames unite to 
form a hollow cone. The galleiy, c, 8iii)port8 the 
chimney, d; and to produce an internal current of air, 
c, is open at the sides. The distance 
Fig. 122. between the apertures in these burners 

varies with tlio quality of the gas, as 

docs the size of the aperture itself. An 
aperture sPt of an iiicli is often used for 
coal-gas, and one of of an inch for 
oil-gas; for the former they should be 
Jth of an inch, for the latter Jth of 
an inch apart. These dimensions are, 
therefore, larger for coal-gas than for 
oil-gas, the latter possessing double the 
illuminating power of the for- 
Fig 12.1 ujer. holes should he as 
uniformly and accurately bored 
as possible ; if this is not done, 
tliere will be parts of the flame 
which will smoke. Sometimes 
the heat of the flame is aj>plied 
to warm the current of gas be- 
fore it issues from the burner, by which means the 
flame is less cooled, and whiter light is produced. For 
this purpose, the gaa-pipe is formed into several revolu- 
tions at a certain height above the flame. 

An important ^provement upon Argand’s burner 
for illuminating public places, bridges, et cetera^ whore 
one large lamp, and a very intense light, is preferred to 
a number of email ones, is the hide bvmer^ proposed 
by Gurney, upon the principle of Fresnel’s lamp. 
Two, three, or more hollow ring tubes, each furnished 
at the top with a circle of holes, fotm the principal part 
of the burner, and are connected at bottom with parts 
of the gas-pipe bent horizontally, from which they 
receive tlie gas. Each inner ring is placed somewhat 
higher than tlie one before it, so that a number of con- 
ceutric flames are produced, the light of which is thrown 
by reflectors in the proper direction. The hude burner 
must not be confounded with tlie hade light of the same 
inventor, which is produced by conveying into 

the inner space of an argand oil -lamp. A similar eflect 


to that of the bude burner, is produced by a number of 
single flat flames arranged in a ring. The Victoria 
Bridge at Manchester, for instance, is lighted by such 
a burner, consisting of two concentric rings, each con- 
taining twelve, therefore altogether containing twenty- 
[ four flat flames; Uie inner ring, four inches in diameter, 
stands one inch higher than the outer, which is six and 
a half inches in diameter, the whole thus being rounded 
off in the shape of a rose. A great variety of gas- 
burners have been successively brought into publiii 
notice, all of which lay claim to the production of an 
increase of light, with a smaller consumption of gas. 
It is impossible, however, from a mere inspection of 
the flame produced by these burners, without accurately 
mea.suring the amount of gas consumed by each, to 
arrive at any conclusion as to which form is the most 
economical or generally desirable. Until, as Richard- 
son and Ronalds justly remark, impartial compara- 
tive experiments have been instituted with them all, 
decided preference cannot be awarded to any one in 
particular. 

Fig. 124 is a representation of Winfield’s lucent 
burner, in which the Tjivor[)ool button 
is applied to an aigand gas-burner, and ^24. 

the [leculiar form of chimney causes , 

an extenial current of air to impinge at 
a certain angle upon the flame, produc- HI 

irig the same effect as the metallic cone 
in the solar lamp; a basket of wirer 
gauze is fitted into the crutch of the 
burner, which moderates the supply 
of air from below, and prevents the 
flickering caused by sudden draughts. 

By fixing the chimney to a circular 
collar, wliich screws uj) or down upon H|||j! "jlW 
the triangular support, Mr. Lowe its jjjM 

enabled, in his improvement upon lliis H||| Mr 
form of burner, to alter the direction Hp|!; -Jj|f 
of the external current caused by the Ht jm 
contraction of the chimney ; and by BWI jU 
converting the button into a screw, its WMJm 
height can also bo altered, and the in- WjHIm 
tcrnal current regulated. 

Fig. 125 shows a form of burner, patented by Mr. 
Leslie, in which the gas is caused to flow through u 



number of small copper tubes, instead of from the 
apertures of an argand burner. The object of tliis 
is to eftect a more complete combustion of the gas, by 
surrounding each single jot with abundance of air as 
it issues from the orifice. A low form of chimney or 
combustion-chamber is adapted to this burner, which 
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diminishes the velocity of the draught. If the gas be 
impure, the orifices of the copper tubes become stopped 
up either with sulphide of copper or ammoniacal com* 
pounds, and require to be cleansed with a stiff brush. 
The only effectual remedy for this objection to the 
burner, is tlie use of purer gas ; and this must be ob* 
tained,' when not supplied in a pure state from the gas- 
works, by the use of a separate purifier in each house. 
— Richcetdaon and Ronalda. 

VentUation of Gas-burners. — Serious objections 
stood in the way of using gas-light in private dwellings 
at first, in consequence of the impurities contained in 
the gas, the groat heat produced, and the large quan- 
tity of carbonic acid evolved ; and to avoid inconveni- 
ence, some system of ventilation had to be adopted ; 
but now, owing to the general purity of the gas, and 
tho loftiness of rooms, this is not necessary. 

Hofmann’s Burner. — It will not bo out of place 
here to remark, that the very extensive and daily in- 
creasing application of gas as a source of heat, suggested 
to Hofmann a small contrivance which is intended to 
facilitate the operations of the analyst. 

The ordinary argand gas-burner, which is almost 
universally employed for heating small vessels, such as 
flasks, retorts, and test-tubes, is not adapted to the pur- 
})0sc8 of the blowpipe. ^ In operations with the latter 
instrument, a simple jet of gas is required, issuing from 
a cylindrical orifice of rather considerable dimensions, 
the necessary amount of gas being adjusted by the 
stopcock. This simplest of all gas flames serves 
equally well for oxidation and reduction, and exhibits 
the phenomena of color in the most cousj)icuou8 man- 
ner. 

Tho ordinary method of analysis being a combina- 
tion of testing in the moist way nn(lj)y the blowpi[)e, 
it is necessary either to use the two gas lamps — the one 
with the argand^ burner, 
the other with the single 
jet — or to have a gas- 
stand so arranged as to ad- 
mit of screwing on either 
the one or the other. But 
as it is inconvenient to 
multiply the number of 
gas lamps, especially in a 
laborator}'’ in which seve- 
ral analytical students are 
working, and ns unscrew- 
ing hot gas-jets is a most 
unpleasant operatiol!| the 
above chemist endeavored 
to unite the two jets in 
one stand, dispensing, at 
the same lime, with the 
necessity of taking the ap- 
paratus to pieces. 

The object in view is 
accomplished simply by 
substituting for tho oidiimrj^ stopcock a thr6e-way tap. 

Tim whole arrangement becomes at once intelligible 
by a glance at tlie woodcut, which represents the 
burner half siEe. 

A is the loaded foot, into which the elbow union- 


piece, B, is screwed. One end of this union is con- 
nected with a flexible pipe, not shown in the drawing ; 
to tlie other screws the three-way stopcock, C. The 
plug, b, has only one orifloe, and, when turned in a 
vertical direction, supplies the argand burner through 
the perforation, fi. Into the side of the stopcock is 
soldered a small pipe, F, having a boro of about one- 
eighth of an inch. This is prolonged to the distance of 
one-tenth of an inch above the top of the argand burner, 
where it is brazed to a small support for the blowpipe, 
not represented in the drawing. 

Wlien the plug, D, is turned in a horizontal direction, 
the gas is shut oft' from both jets, but when turned in 
an inclined position, may be made to feupply botli jets 
at once, or either alternately. By this contrivance, 
either of the jets will be lighted before the other is ex- 
tinguished. 

In order that the jet may be likewise used for heat- 
ing larger apparatus, there is a support, G, on which 
may be fixed a copper chimney, either plain or pro- 
vided with the wire-gauze for producing the air flame. 

^ Analysis of Coal-Gas. — The accurate analysis of 
gaseous mixtures — says Dr. Frankland, in an able 
paper published in Clegg's Treatise on Coal- Gas, from 
which tho following method is extracted — is one of the 
most delicate operations of modern chemistry. This 
arises not only from the difticiilty of preserving gases, 
(luring Uio requisite manipulation, free from admixture 
with atmospheric air; but also from the circumstance, 
th'A their volume, the measurement of which is, in most 
case's, the only mcaiiB of estimating their quantity, is 
liable to constant and considerable change, by fluctua- 
tions of temperature and of tho pressure of tho atmo- 
sphere, as well as by the dryness or humidity of the 
gas itself. This branch of chemical analysis owes 
much of its present accuracy and perfection to the 
admirable researches of Professor Bunsen of Heidel- 
berg. 

All analytical opiirations upon gases must be con- 
ducted over mercury, which metal should be placed in 
a small wooden pneumatic trough, with plate-glass 
sides. The eudiometers, or measuring tubes, should be 
accurately calibrated and graduated into cubic inches 
and their tenths, the latter being subdivided by tho eye 
into hundrt'dths, when the volume of a gas is read off : 
such a division is readily attained by a little practice. 
At each determination of volume, it is necessary that 
the gas should either be perfectly dry, or quite satu- 
rated with moisture. The first condition is attained 
by placing in tho gas for half an hour, a small ball of 
fixed chloride of calcium, attached to a platinum wire ; 
the second, by introducing a minute drop of water into 
the head of the eudiometer before filling it with quick- 
silver. The determinations of volume must either be 
made when the quicksilver is at tho same level inside 
and outside the eudiom<vter ; or, as is more frequently 
done, tho difference of level must be accurately mea- 
sured in the subsequent reduction to a standard pres- 
sure. The height of the barometer, and the tempera- 
ture of tho surrounding atmosphere, must also be 
observed each time the volume of gas is measured, and 
proper correctiflbs made for pressure, temperature, and 
also the tension of aqueous vapor, if the gas be moist. 


Fig. 126. 
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The process of analysis described below has refer- 
ence to purified coal-gas ; the method of detecting the 
principal impurities being given in a former page. 

1 . Estimation of Carbonic Acid, — A few cubic 
• inches of the gas are passed into a short eudiometer^ 
moistened as above described; the volume is accu- 
rately noted with the proper corrections, and a bullet 
of caustic potassa is then passed up through the mer- 
cury into the gas, and allowed to remain for at least an 
hour; the volume of the gas being ascertained and 
deducted from the first volume, gives the amount of 
carbonic acid which has been absorbed by the potassa. 
Bullets of caustic potassa, or of any other fusible sub- 
stance, should be of the size of a large pea, and may 
be prepared by melting the materials in a crucible, and 
then pouring them into a small bullet-rnould, in which 
the curved end of a tine ])latinum wire has been placed. 
The ball attached to the wire is easily removed when 
cold. 

2. Estimation of Oxygen, — Liebig has devised 
very accurate means for the estimation of this element, 
depending upon its rapid absorption by an alkaline 
solution of pyrogallic acid. To apply this menstruum, 
a small test-tube is tilled with mercury and inverted 
in the trough; first, a few drops of pyrogallic acid, 
and then a similar quantity of aqua potassa ^ arc in- 

' troduced into this tube by means of a jiipette ; a 
coke bullet — made by filling a bullet-mould contain- 
ing a platinum wire with a mixture of two parts 
of coke and one of coal, both finely powdered, and 
then exposing the mould and its contents to a heat 
gradually increased to redness for fifteen minutes — 
attached to a platinum wire, is introduced into this 
liquid, and allowed to become saturated; it is then 
withdrawn, and conveyed carefully below the surface 
of the mercury into the eudiometer containing the 
residual gas of the first determination. Every trace of 
oxygen will be absorbed in a few ininuLes, and the 
volume being again measured, the diminution from the 
last reading wdll represent the amount of oxygen ori- 
ginally present in the gas. It is essential that the coke- 
bullet, after saturation with the alkaline solution of 
pyrogallic acid, should not come into contact with the 
air before its introduction into the gas. 

3. Estimation of the Luminiferous Constituents . — 
Various methods have been employed for the csiima- 
tion of the so-called olefiant gas — luminiferous con- 
stituents — in coal-gas. That which has been most 
generally employed depends upon the property which 
is possessed by olefiant gas and most hydrocarbons, of 
cornbiijing with chlorine, which causes tlieir condensa- 
tion to the state of an oily liquid. Hydrogen and light 
carbide of hydrogen are both acted upon in a similar 
manner, when a ray, even of diffused light, is allowed 
to have access to the mixture ; but the condensation of 
olefiant gas and hydrocarbons takes place in perfect 
darkness, and advantage is, therefore, taken of this 
reaction to observe the amount of condensation which 
takes place when tlie mixture is excluded from light ; 
the volume which disappears during this action of the 
chlorine l>eing regarded as indicative of the quantity 
of olefiant gas present in the mixti»e. There are 
many sources of error inseparably connected with this ' 


method of operating, which render the results unworthy 
of the slightest confidence. The same remark will 
equally apply to the employment of bromine in the 
place of chlorine. In addition to the circumstance that 
these determinations must be made over water, which 
allows a constant diffusion of atmospheric air into the 
gas, and mce versd^ there is also formed in each case a 
volatile liquid, the tension of the vapor of which aug- 
ments the volume of tlie residual gas, and this increase 
admits of neiUicr calculation nor determination. 

The only material by which the estimation of the 
luminiferous constituents can he accurately effected, is 
anhydrous sulphuric acid, which immediately condenses 
the hydrocarbons, but has no action upon the other 
ingredients, even when exposed to sunlight. The esti- 
mation is conducted as follows: — A cuke bullet, pre- 
pared as described above, and attacliod to a platinum 
wire, being rendered thoroughly dry by gently heating 
it for a few minutes, is quickly immersed in a saturaied 
solution of anhydrous sulq^huric acidj and allowed to 
remain for one minute ; it is then withdrawn, leaving 
as little acid adhering to it as possible, quickly plunged 
beneath llio mercury in the trough, and introduced 
into the same portion ofdry gas from which the caibonic 
acid and oxygen have been withdrawn. Here it is 
allowed to rest for about two hours, in order to insure 
the complete absorption of every trace of carbide of 
Iiydrogon. The residual volume of the gas cannot, 
however, yet be determined, owing to the presence of 
some sulphurous acid derived from the decomposition 
of apoitioii of the sulphuric acid. This is absorbed 
in a few minutes by the introductiou of a moist ball of 
biiioxidc of manganese, whicli may be readily made by 
converting tlie finely-powdered binoxide into a slilf 
paste witli water, rolling it into a globular shape, and 
then inserting a bent platinum wire iri such a manner 
as to prevent its being readily ^vithdrawii ; the ball 
being gradually dried, it will become hard, and possess 
coribiderablo cohesion, even after being moistened with 
water, })reviou8 to its intioduction into the gas. After 
half an Ijour the manganese bullet may be withdrawal!, 
and rejJaced by one of caustic potassa, to remove the 
aqueous vapor introduced with the previous one ; in 
half an hour this bullet can be removed, and the volume 
of the gas at once noted. The diflorerice between this 
and the previous reading gives the volume of the 
luminiferous constituents of the gas. This method is 
very accurate; according to its author, Dr. F ran kland, 
the per centage of luminiferous constituents seldom 
varies, in two analyses of Uie same gas, more than '01 
or '02. 

4. Estimation of the Nondumimus Constituents . — 
These are, light carbide of hydrogen, hydrogen, carbonic 
oxide, and nitrogen. Their per contages are ascertained 
in a graduated eudiometer, about tw^o feet in length, 
and three-fourths of an inch intenial dikmetcr, the 
thickness of the glass being not more than one-tenth of 
an inch. This eudiometer is furnished, at its closed 
end, witli two platinum wires fused into the glass, for 
the transmission of the electric spark, A drop of 
water, about the size of a pin’s head, is introduced into 
the upper part of tho eudiometer before it is filled with 
quicksilver, and inverted in the mercurial trough ; thij 
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small quantity of water servoa to saturate with aqueous 

* -f* y + » = A 



vapor tho gases subsequently introduced. About a 

+ i* = B 

1/ -4- a C 



cubic ineh of tho residual gas from the last determina- 




tion is passed into the eudiometer, and its volume 

From which the annexed values for m, y, and z are 



accurately read off; about four cubic inchw of pure 

derived; — 



oxygen are now introduced, and the volume — moist — 

« = A — 0 



again noted. The oxygen is best prepared at the 

2 B — A 

y = 1* 



moment when it is wanted, by heating, over a spirit or 




gas flame, a little chlorate of poiassa in a very small 

^ /2B — A\ 

St = C— 1 « ) 



glass retort, allowing sufficient time for every trace of 




atmospheric air to be expelled from the retort before 

5. Estimaiim of the Value of the Luminous Constu 



passing the gas into the eudiometer. The open end of 

tuents. — The methods above given will show the re- 



tho latter must now bo pressed firmly upon a thick 

Bpective quantities of all the constituontB in any speci- 



piece of caoutchouc placed at the bottom of the trough, 

men of coal-gas ; but analytical results afford no clue 



and an electric spark passed through the mixture. If 

to its illuminating power ; they give, it is true, the 



the above proportions have been observed, the explo- 

amount of illuminating hydrocarbons contained in a 



sion will be but slight, which is essential if nitrogen be 

given volume of the gas, but it is evident, from what 



in the mixture, as this element will otherwise bo par- 

has already been said respecting the luminiferous 



tiolly converted into nitric acid, the results being thus 

powers of these hydrocarbons, that the greater the 



vitiated. By using a large excess of oxygen, all danger 

amount of carbon contained in a given volume, the 



of tho bursting of the eudiometer by the force of the 

greater will be the quantity of light produced on their 



explosion is also avoided. The volume after explosion 

combustion ; and, therefore, as the number of volumes 



being again determined, a }>n]let of caustic potassa is 

of carbon vapor contained in one voliuno of the mixed 



introduced into the gas, and allowed to remain so long 

constituents, condensable by anhydrous sulphuric acid, 



ns any diminution of volume takes place. This bullet 

has been found to vary from 2*54 to 4*36 volumes, it is 



absorbs the carbonic acid produced by the combustion 

clear that this amount of carbon vapor must be accu- 



of the light carbide of hydrogen and carbonic oxide, 

ratelv determined for each specimen of gas, if it be 



and also renders tho residual gas perfectly dry ; the 

desirable to ascertain the value of that gas as an illumi- 



volume noted after this absorption, wdien deducted 

nating agent. Fortunately, this is easily effected, for 



from the previous one, gives the volume of carbonic 

if the amount of carbonic acid generated by one hun- 



acid generated by the con)bustion of the gas. 

dred volumes of tho gas in its original condition be 



I’lie residual gas now contains only nitrogen, and 

ascertained, knowing from the preceding analytical 

i 


the excess of oxygen employed. 

processes the per centage of illuminating hydrocarbons, 

1 


The fonner is determined by first ascertaining the 

and also the amount of carbonic acid generated by tlie 



amount of oxygen preB(mt, and then deducting that 

non-luminous gases, the operator has all the data for 



number from the volume of both gases ; for this pur- 

calculating the illuminating value of the gas. For this 



pose, a quantity of dry hydrogen, at least three times 

purpose a known volume — about a cubic inch — of the 



HR great as the residual gas, is introduced, and the bulk 

original gas is introduced into the explosion eudio- 



of the mixture determined ; the explosion is then made 

meter, mixed with about five times its bulk of oxygen, 



as before, and ilie volume — moist — again recorded. 

tho electric spark passed, and the amount of carbonic 



One- third of tlie contraction caused by this combination 

acid generated by the explosion ascertained, as before 



represents the amount of oxygen, and the remainder, 

directed. If tho per centage of hydrocarbons absorbed 



when this is deducted from tlie volume of residual gas, 

by anhydrous sulphuric acid be denoted by A; the 



after absorption of cax;l)onic acid, shows the quantity of 

vohnno of carbonic acid generated by one hundred 



nitrogen. 

volumes of the original gas, by B ; the carbonic acid 



Tho behavior of the other three non -luminous gases 

formed by the combustion of the non-luminous consti- 



on explosion with oxygen, enables the oi)crator readily 

tuents remaining after the absorption of hydrocarbons 



to find their respective amounts by tliree simple equa- 

from tlie above quantity of original gas, by 0; and 



tions, founded upon tlie quantity of oxygen consumed, 

the volume of carbonic acid generated by the combus- 



and the amount of carbonic acid generated by the 

tion of the luminiferous compounds— hydrocarbons — 



three gases in question. Hydrogen consumes half its 

by 07 , one has the following equation : — 



vohimc of oxygen, and generates no carbonic acid; 

a; = C — B; 



light carbide of hydrogen unites with twice its volume 




of oxygon, and generates its oum volume of carbonic 

and, therefore, the amount of carbonic acid generated 



acid; whilst carbohic oxido combines with half its 

by one volume of the hydrocarbons is represented by 



volume of oxygon, causing tho formation of its own 

C — B 



volume of carbonic acid. 

• 

A 



If, therefore, tho volume of the mixed gases be re- 




presented by A ; the amount of oxygen taken up, by 

But, OB one volume of carbon vapor gives rise to a 



B; and the quantity of the mixed gases generated, by 

similar quantity of carbonic acid, this formula also 



0 ; and furttier, the volumes of hydrogen, light carbide 

expresses the amount of the former in one volume of 



of hydrogen, and carbonic oxide respectively, by 05, y, 

the illuminating constituents. For the purpose of 



and a, the following equations arise: — 

comparison, however, it is more convenient to represent 
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the value of these hydrocarbons in their equivalent 
volume of olefiant gas, one volume of which contains 
two volumes of carbon vapor ; for this purpose the last 
expression need only be changed to 

C — B 

2 A 

Thus, if a sample of gas contain ten per cent, of hydro- 
carbons, of which one volume contains three of carbon 
vapor, the quantity of olefiant gas to which this ten 
per cent, is equivalent will be fifteen. 

The application of this method furnishes an exact 
chemical standard of comparison for the illuminating 
value of all descriptions of gas ; and by a comparison 
of the arbitrary numbers thus obtained, with the prac- 
tical results yielded by the same gases when tested by 
the photometer, much valuable and useful information 
is gained. 

Eatirmtion of the Specific Gravity of Goa . — Although 
the mere determination of the specific gravity of gases 
is of very little use as a test of their commercial value 
—^unless the gas is to bo used for aeronautic purposes 
— yet, as it is still much employed by gas engineers, 
and as such an estimation is occasionally useful for 
controlling the results of chemical analysis, a method 
by which such a determination may be made is heie 
subjoined. 

The specific gravity of gases should be biken in a 
room whore there is no lire, and where the tempera- 
ture is liable to little variation during the time occu- 
pied in the operations. The following apparatus is 
necessary : First, a thin glass globe, capable of holding 
at least two hundred cubic inches, and furnished with 
a brass cap and stopcock, so accurately fitted as to pre- 
vent all ingress of air when the globe is exliausted; 
secondly, a small exhausting syringe or air-pump, to 
which the globe can be screwed air-tight; thirdly, a bal- 
ance capable of weighing to one-fiftieth of a grain, when 
loaded with a quarter of a pound in eacli i)an; fourthly, 
a glass tube, eighteen inches long, and iialf an inch in 
diameter, filled with fragments of fused chloride of cal- 
cium, and closed at each end with a perforated cork, 
through which passes a glass tube, of such dimensions 
as to admit of adaptation by means of caoutchouc 
tubing at one end, to the exit pipe of a small gas- 
liolder, and at die other, to the stopcock of the glass 
glolie. 

The process consists in ascertaining the weight of 
equal volumes of atmospheric air, and of die gas under 
examination, at the same temperature and pressure. 
This is accomplished by firat exhausting the globe by 
means of the syringe or air-pump, and then accurately 
ascertaining its weight, care being taken to allow time 
for the globe to assume the same temperature as that 
of the air surrounding the balance. The globe should 
then be connected with one extremity of the chloride of 
calcium tube, by means of a piece of vulcanized caout- 
chouc tube, and the stopcock being then very slightly 
opened, the air passing through the chloride of calcium, 
and thus being thoroughly deprived of moisture, should 
be allowed slowly to fill the globe. The latter being 
detached from the desiccating tube, is replaced in the 
balance, where it should remain undisturbed for at least 


five minutes, when the stopcock is opened for a moment 
to equalize the pressure within and without, and the 
weight then accurately determined. The difference 
between the two determinations gives the weight of the 
air enclosed in the globe. The exsiccating tube should 
now bi attached to the exit pipe of the gas-holder, and 
a stream of gas allowed to rush through it, until every 
trace of air has been expelled from the interstices of 
the chloride of calcium ; die globe, again exhausted, is 
then to be attached to the other extremity of this tube, 
and tlie stopcock being slightly opened, as before, the 
gas, perfectly dried in traversing the fragments of 
chloride of calcium, is permitted slowly to fill the glol>e, 
which should, whilst still attached to the drying tube, 
be allowed to stand undisturbed for a few minutes near 
the balance, before the stopcock is finally closed and 
detached from the drying tube. The weight of Uic 
globe thus filled with gas is ascertained, and that of the 
exhausted globe being subtracted from it, the difievence 
indicates tlio weight of the gas. The weight of equal 
volumes of gas and atmospheric air at the same tem- 
perature and pressure having now been ascertained, it 
only remains to divide the former by the latter to 
know the specific gravity of the gas. Thus, suppose 
the weight of the exhausted globe to be 2000 grains ; 
that of the globe filled with dry air 20G0, and with 
exsiccated gas 2040 grains ; the weight of tlio volume 
of air equal to the contents of the globe would be sixty, 
and that of the same volume of gas forty grains; hence, 
40 -r 60 = *6666, the specific gravity of gas, air 
being taken as unity. 

Unless a number of specific gravities are determined 
at the same lime, it is indispensably necessary to as- 
certain the weight of the air contained in die globe 
previous to each determination. Care should he taken 
that the temperature of the room in which tlio balance 
is placed does not vary more thaii about one degree 
between the several weighings of tlic globe, as i)tlier- 
wise a considerable error will be introduced into the 
experiments. The globe should aJeo be protected, as 
much as possible, from the heat radiating from tlie 
body of tlie operator during the several weighings. — 

Much time and apace might l^e occupied in discus.s- 
ing the merits of the several apparatus to be employed 
in the analysis of gases, but Oiia seems to the Editor to 
be quite unnecessary. The best plan will be to place 
before the reader the improved apparatus of Frank- 
LAND and Ward, which resembles that of Eeonault 
and Ueiset in mechanical arrangement, although it 
difters entirely in the mode adopted for tlie measure- 
ment of the gaseous volumes. 

The instrument, which is represented by the accom- 
panying figure, consists of the tripod, a, furnished with 
the usual levelling screws, and carrying the vertical 
pillar, B B, to which is attached, on the one side, the 
movable gutta-percha mercury trough, c, with its rack 
and pinion, a a, and on the other the glass cylin- 
der, D D, willi its contents. This cylinder is thirty*8u 
inches long, and four inches internal diameter; its lower 
extremity is firmly cemented into an iron collar, c, the 
under surface of which )Can be screwed perfectly water-- 
tight upon the bracket plate, 4, by the interpositioti ot 
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ft vulcanized cuoutcbouc ring. The circular iron plato^ 
dy is perforated with thro© apertures, into which the 
caps,eee, are screwed, and which communicate below 
the plate with the T-pioce, E z* This latter is furnished 
with a double-way cock,/, and a single-way cock, by 
means of which the lubes cemented into the sockets, ccc, 
can be made to communicate with each other, or with 
the exit-pipe, A, at pleasure. 

F G H are three glass tubes, which are firmly cemcntocl 
into tlio caps, eee. F and H, which are only slightly 
shorter than the glass cylinder, are each from to 
20’”*" internal diameter, and are selected of as nearly 
the same bore as possible, to avoid a difference of 
capillary action* The tube, G, is somewhat wider, and 



may be continued to any convenient hc iglit id^ovo the 
cylinder. H is accurately graduated with a millimetre 
scale, and is furnished at top with a small funnel, ?*, 
into the neck of which a glass stopper, about 2""™ in 
diameter, is carefully ground. Tlie tube, F, terminates 
at its upper extremity in the capillary tube, A, which is 
carefully cemented into the small steel stopcock, 1. F 
has also fused into it at ?n two platinum wires for the 
passage of tlie electric spark. After this tube has been 
firmly cemented into the cap, g, its internal volume is 
accurately divided into ten perfectly equal parts, which 
is effected witlKmt difficulty by first filling it with 
mercury from the supply-tube, G, up to its junction with 
the^capillary attachment, and then allowing the mercury 
to run off through the nozzle, A, until the highest point 
of its convex surface stantls at the division ten, pre- 
viously made so as exactly to coincide with the zero of 
the millimetro scale on h ; the weight of the mercury thus 
nm off is carefully determined, and the tube is again filled 

VOL. n. 


as before, and divided into ton eqaiil parlB, by allowing 
the ^rcury to run off in successive tenlibsof the enihro 
weigKt, and marking the height of the ooRyexity offer 
each abstraction of metal. By using the proper precau- 
tions with regard to temperature, efee/ara, an exceedingly 
accurate calibration can in this way bo accomplished. 

The abBoq)tion tube, i, is supported by the clamp, «, ^ 
and connected with the capillary tube, A, by the stop- 
cock and junction-piece, I'p. 

When the instrument is thus far complete, it Is 
requisite to ascertain the height of each of thc nine 
upper divisions on the tube above the lowest or tenth 
division. This is very accurately effected in a few 
minutes, by carefully levelling the instrument, filling the 
tube, G, with mercury, opening the cock, ly and the 
stoppered funnel, ij and placing the cock,/, in such a 
position as to cause the tubes, F H, to communicate with 
the supply-tube, o. On now sligblly turning the cock, 
<7, the mercury will slowly rise in each pf the tubes, f 
and ii; when its convex surface exactly coincides witJi 
the nintli division on F, the intltix of metal is stopped, 
and its height in ii accurately observed ; as the tenth 
division on F corresponds with the zero of the scahi 
upon H, it is obvious that the number thus read off is 
the height of the ninth division above that zero point. 
A sinular observation for each of tlie other divisions 
upon F completes the inslrumont. 

Before using the apparatus, the large cylinder, dd, is 
filled with water, and the internal walls of the tubes, F 
and Y?, are, once for all, moistened with distilled water, 
by the introduction of a few drops into each, through 
the stopcock, Z, and the stoppered funnel, i. The tliree 
tubes being then placed in communication with each 
other, mercury is poured into G, until it rises into 
the cup, t, tlie stopper of which is then firmly closeo. 
When the mercury begins to flow from Z, that cock is 
also shut. The tubes F and H are-mow apparently 
filled with mercniy, but a minute and imperceptible 
film of air still exists between the metal and glass; this 
is effectually got rid of by connecting r and H with the 
exit-tube, A, and permitting the mercury to flow out 
until a viiciiuni of several inches in length has been 
1 produced in both tubes. On allowing the instrument to 
remain thus for an hour, the whole of the film of air 
above- met) tioned will diffuse itself into the vacuum, and 
will become visible as a minute bubble in each tube, on 
allowing the vacuum to be filled up from the supply- 
tube, G, These bubbles are, of course, easily expelled, 
on momentarily o])ening the cock, Z, and stopper, *, whilst 
G is full of mercury. The absorption-tube, i, being then 
filled with quicksilver, and attached to Z by the screw 
clamp, the instrument is ready for use. 

In localities where a constant supply of water from 
street mains can be bad, the temperature of the water in 
the cylinder, d i>, can be maintained perfectly constant by 
allowing a conliiiuous stream, direct from the main, to 
flow into the bottom of the cylinder, and make its exit 
near the top. By this arrangement it has been proved, 
in an extensive series of experiments, that the tempera- 
ture of a cylinder supplied from the kianebester high- 
pressure mains varies so very little in twelve hours, 
that jt scarcely requires correction in the most delicate 
experiments. 
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In illustration of the manner of using the apparatus, 
let one take as an example the analysis of atmospheric 
air. A few cubic inches of air freed from carbonic acid 
having been introduced into the tube, i, it is transferred 
into F for measurement by opening the cocks, ll\ and 
placing the tube, f, in communication with the exit- pipe, 
//; the transference can be assisted, if needful, by 
elevating the trough, C, Wlicn the air, followed i)y a 
few drops of mercury, has passed completely into f, 
the cock I is shut, and /turned, so as to connect f and 
I n with 7i. Mercury is allowed to flow out until a 
I vacuum of two or three inches in length is formed in ii, 

I and tlie rnetal in F is jnst below one of the divisioiis ; 

I the cock, / is then reversed, and mercury very gra- 
dually admitted from (j, until tlie highest point in r 
exactly corresponds with one of the divisions u])on 
that tube; suppose it to bo the si\lb division. This 
adjustment of mercury, and the subsequent readings, 
can be very accnraiely mado by means of a small 
horizontal telescope, ]»laced sit a distance of about six 
feet fnun the cylinder, and sliding upon a vertical 
rod. The height of the imu'cnry in ii mnst now be 
accurately determined, and if, from the number tlms 
read off, the height of the sixth division above the 
zero of the scale on n be deducted, the rernriindor will 
express the true volume of the ges; but, in order to 
compare this with subsequent readings, made at other 
divisions upon f, the nimibcr thus obtained, which 
evidently represents tlie pressarc of the gas, is reduced 
to what it would have been had the gas been expanded 
to the tenth division of F. Hearing in mind that the 
pressure of a gas is inversely as its volume, this reduction 
is very simply eftectod by multiplying the number as 
above obtained by six-tenths, or O-fi; and, in all cases, 
any determination of pressure made at any division 
upon F may he reduced lo the ju-cssine of the same 
volume when expanded to the tenth division, liy the 
use of a fractional multi]dier, the denominator of which 
, is ten, and the numerator, the number of the division at 
I which the determination is mad(i, 

I As the temperature is nminhiined constant during tlie 

I entire experiment, no correction on that score has to 
■ be made; the atmospheric pressure being altc»gother cx- 
j eluded from exerting any influence upon the volumes or 
j I pressures, no barometrical observations are rcfpiisite, 

I I and, as the tension of aqueous vapor in f is exaclly 
j I balanced by that in Ji, the instniment is, in this re- 
i i spcct, self-correcting. 

1 1 Hydrogen being tlicn introduced in the same way as , 
; I the original gas, and the volume determined anew, the I 
I i electric spark is passed through the mixture by means | 
i of the platinum wires at 7?i, and the determination of j 
I the contraction caused by the explosion terminates tlu' 

I process. The following are the results of an analysis 
! of air made in this way : — 

1 , voj.UME OK AIR nsni). 

I ' 

j i (DetumiinatioTi at fiflh division on k.) 

I ()1*P('rve(l height of mercury in n, 073*0 

I IltiigliL of filth division above zero, 3!‘<3’0 “ 

f CoiTected pressure of gas, r? 200-0 “ 


Corrected prcsMiro of gas nt tenth diviKion, 145-00 “ 


VOLUME APTKIt ADMISSION OK HYDItOOfiN, 
(Determined at sixth division .) 

Observed height of mercury in ii, 772-3 

Height of sixth division above zero 304*0 “ 

Corrected pressure of gas, = 468*3 


^Corrected pressure of gas at tenth division, = 280*08 " 
VOLUME AFTER EXJ*LOS10N. 

(Determined at fifth division.) 


ObBerved height of mercury in ii, 

Height of fifth diviyion above zero, 

. . . 763*3 « 

... 383*0 “ 

Corrected pressure of gii'A, 

. . . 380 3 “ 

.r, u 

Corrected pressure of gas at tenth division, 


RESULTS. 

Volume of air used, . , 

V'^olume (tf oxjgen, ,, . 

Hence: 

. . . 14.5*000 
. . 30*276 

Nitrogf'Ti, ... 

Oxygen, . . .. 

.. 70*120 

. . 20 *880 


100*000 


Subjoined arc tlie reBults of a series of analyses 
performed upon the same Rpocimen of atmospiieric air, 
pri'viously freed from carbonic acid by caustic potassa, 
wJiich show the delicacy of the indications of this in- 
strumcnl : — 



I. 

11. 

in. 

Clxygen 

.. 20*880 

20*88^ . 

20*881 

Jsitrogfji, 

Til*l‘.'0 

. 70*113 . 

. .. 70*117 


100*000 

100*000 

loo-ouu 


IV. 

V, 

VI. 

Oxygen, . 

, 20*867 .* 

20-868 

... 20 7; 6 

Nitrogen, 

79*133 . 

.. 70*13*1 

.. 70-1-J4 


lOO'OUO 

lOO 000 

100*000 


Hasford's Patent iv4:TTion of PnuFvrNO Gas. 

— Hasfokd obtained a patent in 185.5 for purifying ; 
gas, by passing it thiough heated charcoal, previously 
impregnated wdlh lime-water. 

AVood charcoal is preferred, and this is immeised in 
a saturated uqpcotis solution of lime, for not less then i 
flfteon minutes, after which it is termed by tlie patente«^ 
prepared charcoal. The apparatus in which this is | 
heated, and in which the gas jiasses over the charcoal, | 
is of cast-iron, and is represented in Figs. 128, 129, and 
130. It is divided into separate compartments, A A, by j 


Fig liiS. Fig. 129 



partitions alternately fixed and loose, the former being 
sliown by B, While the latter are indicated by c. Figs. 
129 and 130 exhibit these more in detail. Each fixed 
partition has an opening— Fig. 130— at the bottom, 
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while those which are movable are open at the top, so 
* that the gas can be made to pass alternately up and 
down the several chambers, Ofjer the hose, and under 
the fixed diaphragms. Open covers to the compart- 
ments are indicated at d, and arc closed by lids or 


rig. 130. 



I i plates, E, To one end of the apparatus is attached a 

I I IJ-shaped Hanged pipe, r, into which the pipes leading 
1 1 from the retorts are fixed, either vertically by the i)ipe 

I i J, or horizontally by the mouth*picco G, as may be 

I I required. The outlet j)ipe of the a]>paratns, by the 

j ; hydraulic main, and thence to the gas-holder, is seen 

1 1 at II. K K arc Hues, hy means of wliicli heat is applied, 

' 1 iiiul L L designates t}u3 brickwork in wliich the wJiole 
ap}>aratiJS is set. 

I ; Oil the gas possing through the healed prepared char- 
' i coal, it is freed from a large amount of fLP'ign com- 

i' I pounds, partly by chornical, partly hy mechanical 

I ' action, and deposits a residuum, which possesses the 
properties of, and may bo used as, a jiigment. 'J'he gas 
thus pnritied has a much greater illuminating power 
than that suhinilled to the ordinary jiroeess ol’dcpiira- 
I tion. 

' The elaini of the patentee is — 1. For tlic separation 
I of the irnpuritifis from coal-gas, by passing it through 
I charcoal saturated with lime-water, and licatcd as 
! described; and, 2. For the formation of a residuum, or 
j deposit, derived from tlio gas, whirl i may he used as a 
! j/igment, or color. 

For the removal of the arnnumia and the sulpliido of 
hydrogen hy one and the same process, a new method 
of purification has been ado])l(;d, and is one well worthy 
I uf conlidcnce. The scieens of tlu; jmiifiers are covered 
; with a mixture of carbonate of lime and siilpljate of 

; iron, which, subsequently exposed to the air, become 

carbonate of iron and sulphate of lime; and hy the 
( absorption of oxygen, the carbonate ^pf iron leaves 
j Its carbon, and bec'omes partly sesquioxide of iron, 
'i’lio gas, streaming through this mixture — sesfpiioxide 
of iron and sulphate of lime — gives up its sulphide of 
hydrogen to the oxide of iron, formiriif suljdiide of iron 
1 and water, while the carbonate of ammonia — contained 
j also in the impure gas — decomposing the lime-salt, 
forms sulphate of ammonia and carbonate of lime. 

When the purilioation is completed, and the mixture 
has done its work, it is exposed to the nir, and the sul- 
; phide of iron absorbing oxygen, is converted into a 
: basic sulphate of iron. Ilenoc, tlie same mixture as ot 
1 first is obtained, namely, carbonate of iron and sulphate 
' of lime, with the addition of sulphate of ammonia, 

I which may bo washed out and preserved, while tire 


residue is employed over and over again. By this 
elegant process, the noxious sulphur compounds are 
utilized in the fabrication of sulphate of ammonia, and 
the mixture seems never weary of performing its duty; 
hence, not only is the februation performed at one pro- 
cess, but the noxious ingredients are converted into 
compounds of much value. 

Another method of removing ammonia may be 
noticed : it consists in spreading on the screens super- 
phosphate of lime, consisting of bones decomposed by 
sulphuric acid; the addition of ammonia to thus, makes 
it a poweiful and excellent manure. — 

CiiisiJoi.M’s Method. — Cihsiiolm’s method for 
tlie purification of gas consists in combining or mix- 
ing together the peculiar red earthy or ocluy -looking 
substances found mingled with poat and the subsoil 
of peat, with hydrate of lime, or the mixed hydrates of 
lime and magnesia obtained from magnesian limestones, 
and their combination or mixture. He tlien introduces 
into the vessel, known to gas-makers us the dry-gas puri- 
fier, this mixture, and the foul gas passes through it until 
it is rendered pure ; such jmrit}^ being ascertained V)y 
tlie aj)j)licatioii of tlic tests usually enqfioycd by makers 
I of gas for that purpose. Tlic red earthy or ochry sub- 
stance above alluded to, is comjiosed chiefiy of the 
oxides and salts of iron and manganese, and it is prin- 
cipally to these metallic matters that tlie purifying 
agency of tlie coinpouiiils is due ; therefore, the greater 
the quantity of these oxides this earthy matter contains, 
the better is it adapted to the purpose for which the pa- 
tentee uses it; and although the exact proportion of lime 
to be added is not material, yet the greater the amount 
of metallic mutters there may be contained in the red or 
ochry earthy matters aforesaid, the more lime, or lime 
and magnesia, must be used ; for every three parts by 
weight of metallic matters in this earthy matter, one part 
of lime by weight is jircforrcd. Instead of the above 
red eurlhy matter, there arc sometimes employed in the 
same way and ju'oportion, the line red sandy gravel so 
general around London in the neighborhood of elialk 
beds, or the red clay which is so common around 
Jingoley and other districts, or the phosphate or sub- 
j)lic)S])hiife of iron, known by these nanu^s to all geolo- 
gists, and common in many boggy districts. All these, 
or any of them, be uses precisely in the way or combi- 
nation described with respect to red eartliy peat matters 
already alluded to; and he adds, that when these sub- 
stances or mixtures, or any of them, have ceased to 
jiurify the gas from sulphide of hydrogen and other 
impurities, their powers may be again in part or alto- 
gether renewed or restored by passing or forcing through 
them a current of air, or by merely exposing them to 
the atmosphere, after which tbey may be used over 
and over again, or many times in succession. 

Pdole’s Patent. — Poole took out a patent for im- 
provements in regulating the flow and pressure of gas 
and other fluids. Ho remarks, that it is often desirable 
to deliver aeriform fluids at a certain uniform pressure, 
and various means have before been rexsorted to for effect- 
ing tljis object; accordingly his invention consists of com- 
bining the use of two or more governors or regulators, 
which, acting imjependenlly and in succession, are al- 
leged to accomplish the desired object more completely 


I 




172 


0 AS Patents . 


than has been done heretofore. The description of go- 
vernors or regulators which are preferred for this pur- 
pose, are those where inverted vessels are used, working 
in quicksilver or other fluid, and connected to the induc- 
tion valves. Supposing the apparatus to be an’anged for 
regulating the supply of gas or other aeriform fluid, tlie 
main or supply pipe, where the regulation is to take 
place, is arranged to communicate in succession with two 
or more chambers, each having a governor or regulator, 
and so tliat no gas can pass fiom the main or supply- 
pipe to the furthermost chamber, without having passed 
through, and been regulated more or loss perfectly by, 
the previous regulators or governors; by which meaiis 
the gas, supposing it to come up to the first governor 
or regulator at a .pressure exceeding that at wliich it is 
desired to deliver it at, will act on the governor, and 
tends to close the valve, and thereby restrict the 
passage of the gas into the first chamber; the gas then 
passes from the first chambei* or governor into the 
second, and, if it be still at an excessive pressure, it will 
bo again retarded in its passage, and so on, according 
to the number of goveniors or regnlatfyrs rornbinod and 
caused to act hi succession. 

Fig. 131 shows a vortical section of an aj)paratus 
combined according to this patent, having two regu- 
lators or governors acting in succession; but other 
apparatus may be made with more tlian two, to act in 
succession in a siuiilar manner. The form of regulator 
or governor preferred, is that where an inverted vessel 
is employed fixed to the valve, the action of which is 
to ho regulated; but the funii of tlu‘ parts inny be 



varied, so long as two or more regulators or governors 
arc combined to act in succession. Ko claim, how- 
ever, is made to the governors or regulators separ- 
ately, when two or more are not combined to act on 
and regulate the same sup[»ly. a is the inlet for 
the gas or aeriform fluid; n is a eharnber, the open- 
ing, c c, out of wliich is capable of being more or 
less closed by the valve, o, which is on the stom, f, 
to which the inverted vessel D is fixed, the edges of 
which dip into mercury or olher suitable fluid at ee: 
there being weights, g g, on the vessel i), according to 
the degree of pressure it is desired to regulate or bring 
the supply of gas or other aeriform fluid to, when it 
passes away at the outlet, K. The gas or other aeriform 
fluid coming into the cliambcr, n — ^above the desired 
pressure — will, to some extent, he regulated by its acting 
on the first regulator by raising the vessel, D, which 
will also raise the vmWo, o, in the compartment, n, 


towards the opening, cc, till the quantity of the gas 
allowed to pass into the chamber, ii, of the apparatus* 
will be brought to nearly the desired pressure* The 
gas or aeriform fluid in the chamber, n, passes through 
the opening, J j, into the compartment, K, and acts on 
the inverted vessel, l, wliich is allixed to the stem, N, 
by which the valve, o, in the chamber, H, will be more 
or less closed, according as the pressure of tlie gas or 
aeriform fluid in the chamber, ii, is more or less in ex- 
cess of the pressure at which it is desired the gas or aeri- 
form fluid should go off at the outlet, k* It would be 
well to state, that usually the same amount of pressure 
or weight, N N, is applied to the inverted vessel L, as 
there is by the weights, g g, to the vessel », such being 
believed to be the best mode of working when using 
such apparatus. The vessel L, like the vessel D, difis 
into mercury or other liquid at its lower edges. By 
using a succession of regulators or governors, any want 
of correctness of the regulation of the first will he com- 
pensated for by the succeeding ones. 

Michael’s Patent. — Geotig e Michael, who has 
also takon out a patent for improvement in the manu- 
facture of gas, remarks in his speeilication, that in the 
present state of progress in tlie dilferout arts which co- 
operate together in the constniclion.of gas-works, he 
thinks the power of the manufacturer may bo increased, 
and the gas produced more ceononiicttlly than by the 
present mode, without employing largo numbers of lino 
strong men to destroy tlicir lioalth, by charging red- 
hot retorts, through very narrow apertures, with small 
quantities of coal, and to perspire during twelve houis 
in front of an intolerably Lot radiating surface. He 
proposes to substitute for the sinews of these men the 
action of steam-power; and, with this intention, he 
amj)lilies considerably tlio iistial diincnsioiii, of a retort, 
in order to obtain in one distilling app'iratus as nmeb, 
if not more, heated surface as is new to be found in a 
whole bed of sixteen retorts twenty feet long ; this he 
docs for the purpose of Itaving the floors of liuge retorts 
all upon one and the sann* level, in order that the same 
I steam apparatus used for cliarging ami drawdng one of 
I them may perform the same operation fur the others, 
by simply moving stich nppnratiis ujxm rails in ^ront of 
the retorts. 

The dimensions in the clear whicli he prefers giving 
to tluisc iiuge retorts are thirty feet in length, two feel 
in height, and about nine fiict in width, the top being 
parallel to the floor, so that the transverse section of 
the interior of the retorts represents an elongated rect- 
angular figure. Thesft retorts are built with fire-bricks ; 
but he observes, that if he only cemented the bricks 
together with fire-clay, as is usually done, the working > 
of the retort would depend on the regular action of the 
exhauster — that is to say^ that should tho exhauster 
j cease to work, the gas would pass through the jotbts 
of the bricks, an occurrence winch would place a gas- 
work in jeopardy. To meet this great difficulty, the 
bricks of which the* retort is made are laid in a vitxoons 
cement, which, when subjected to tho heat necessary 
for making gas from coal, forms a glaze, and renders 
the retort impermeable to gas. The best way to pre- 
pare this compound is, to pound and carefully mix 
together a double, treble, or a more compound fusible 
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culicatOy in which silica) lime, potassa, soda, magnesia, 
oxide of iron, oxide of manganese, or biborate of soda, 
may be usefully employed ; but should local circum' 
stances not admit of this, the good ofifect produced by 
potassa, soda, or better, biborate of soda, in the com- 
positiou of the cement intended to become vitrified, 
must not ho lost sight of. It is evident that tins com out 
must be formed into a paste with a small quantity of 
water, so as to be easily used by the bricklayer. 

It will be obvious to all practically acquainted with 
tho manufacture of porcelain, earthenware, or glass, 
that the idea of setting the bricks of tlie retorts in a 
vitreous cement can bo carried out in an infinity of ! 
different ways, according to localities, giving in each 
place tho preference to tlio clicai)est of 
the articles here above noticed. For iii- 
stanco, in London, and in many other 
towns, recourse can at once be Lad to a 
coan>ouiul silicate, which is a refuse 
from tho glass paper manufartorics— 
namely, the glass dust — to which an addition of two 
per cent, or irmre of manganese, and four per cent, 
or more of borax, can be made to facilitate the fusion 
of the aforesaid glass dust. In other places it may 
bo cheaper to employ jiotassa or soda as a cement 
between tho bricks, Ibc silica and alumina of the lire- 
brioks, when heated, combining with tlio alkali and 
forming a vitreous gla/ing rcnn'ut, and so on in a 
variety of other ways. 

MicUAEi/s huge retort is furnished at each end with 
a cast-iron mouth -piece plate, contrived for receiving 
a luted lid, which is firmly socured by cotters. This 
retort is provided with two or more oriiiees at the lop, 
by which the charge of coal is introduced by tilting 
waggons running on proper railways; tlie coal so in* 
troduced into the retoit is then Bf)rcad equally over Uie 
bottom by the aid of a rake, which forms tho head of 
a ruck worked by a steam -engine. The cliarge of coal 
j)refen*cd to work off in such a Jaige retort is six tons, 
forming a layer of ten inehes deep. When the charge 
is worked off, the month-picccs arc to bo opened by 
unfastening and hoisting the lids, and the charge of 
coke is pushed out in one cake by the assistance 
of tho steam-rack, tho head or rake of which being 
for this purpose turned uiiside down, so as to act 
with its head and not with its teeth. Such coke, 
if it be desired, may bo received in an oven eapa])le 
of being closed, and there treated with 
this intention by tlio admission of air 
ani an injection of steam, leaving one 
opening for abducting tho products. One 
great peculiarity in the construction ol 
these huge retorts is, that they are well 
isolated from contact witli any of those parts of the 
construction which are liable to cool, either by radiation 
or by contact witli the soil ; tliis isolation is obtained by 
preserving round the retorts a circumambient empty 
Space, in which the products of the combustion in the 
fire-plttoes are caused to decant tlieir heat at difi’erent 
stages in tlieir perambulation, before finally passing 
under the immediate foundation of the retort on their 
way to the main flue, which is constructed outside the 
foundations of the retorts, or nearly so. 


The patentee then proceeds with the technical de- 
scription of the construction of a retort, such as that 
referred to in the drawings—Figs. 132 and 133. The 
products of combustion, on leaving the fireplace, divide 
into two parts, at u and b'; one follows the course, 
B, C c C, till arriving at the vortical flue, D, through 
which it descends into the chamber, p, which is common 
to these, and to those products of tlie combustion which 
have followed the course, c' c' o', o'. Dui'ing such 
course, the products of combustion emit part of their 

Fig. 132. 









heal from tlie orifices, e r f. e, through which they ascend 
round the retort, so tliat in reality, by this phenomenon 
of decantation, there arc formed two inverae cuirents 
on the sides of the retort, the hottest ascending, which, 
after having parted with a portion of its heat, will be- 
come descending ; and the constant repetition of these 
efi'ects will have for result the keeping qf the sides and 
top of the letort at the same teraperature as its floor or 
bottom. The drawings show distinctly how the under 
floor, tho sides, and the lop of the retort are constructed, 
for allowing this ])hcuomenon of decantation of heat to 
produce its full eflecl everywhere round the retort. 
Particular stress is l.iid on this system of construction, 
wliich oflers every possible facility to the working out 
of that law of nature, according to which the hotter 
paits of the gaseous products have a tendency to rise, 
and the colder to descend. It is according to tlie same 
principle that tlie products of combustion left in tho 
chamber, F, arc caused to descend along an inclined 

Fi^ff. 133 



piano ill the six flues, a Q, before entering tho 
lower chamber, u, which delivers them through one 
aperture to the horizontal chimney, i. Tho orifico 
last spoken of is commanded by tho damper, B, 
which regulates tho draught of tho fireplace. This 
damper is 'wwked in an inclined flue, the entrance 
of which is to be covered by the tile, M, in front of 
tho retort. The six inclined flues leading to the 
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chamber, h, are connected together eideways by the 
openings, J J. 

The imder floor of the retort is composed of three 
parts, differing one from another in their construction 
— that is to say, the floor of the retort, which is 
formed by bricks on edge, is separated from the fire- 
place by an arch of nine inches thickness, from the 
Kubsequont main flue by an arch of four inches and a 
half, and from all the divided flues by flat bricks two 
inches and a half thick, and eight inches long, laid in 
six parallel rows, the joints of such rows coiTcsponding 
to the centre lino of five rows of pillare. 

1 Charging and Drawing of Retortu , — The interior of 

i j retort, N, receives the charge of coal through the open- 
! ings, o o, which are shut by luted caps, r i*, movable at 

j will ; the coal is brought to the retoit-house in trucks, 

j so arranged tliat when tilting tlieir contents fall at once 
j into a movable funnel placed for the time being in the 
openings, 0 ; these dispositions arc required for charging 
The retort quickly ; and, when well adapted, as indicated 
in tho accomi)anying drawings, the retort can receive its 
cliarge of six tons of coal in less than six minutes, pro- 
; vided that the coal be spread at tlie rate it falls down 
by proper mechanical power. The apparatus to whicli 
})referenco is given for producing this effect is composed 
of a cast-iron rake, Q, which forms the head of a rack 
sliding ill a cast-iron frame, k k ; this receives its ino- 
! tion from a steam-engine, s, fitted to the frame ; the 
j motion is transmitted by the ordinary mechanical coii- 
I trivances. In order that the same steam ajjparatiis may 
j be rendered serviceable for the working of twenty-four 
; retorts, or more, the frame liero spoken of rests upon a 
I system of wheels, T T, rolling upon rails parallel to the 
; front of the retoils. Tho steam is adducted by a pipe 
j which runs in a easement surrounded by sand or 

! other non-conductor, tho full length ot the beds of 

! ‘ retorts ; this pipe is provided with small outlet branches 
and cocks between each two retorts, for the purpose of 
delivering the steam to tlio engine of the steam-power 
rake, through a movable connecting pipe. When the 
gas is worked off, and the charge is ready to be with- 
! <lrawn, tho lids of the retorts are moved, and the 

coke is pushed out of the retort in one lump by the 
action of the steam-rake, the head of whicli — namely, 
the rake — is for that j)uqjosc turned u[»side down by 
.swivelling it round a collar. By this contrivance 
tlie teeth of the rake arc spared, and its head, which 
is shaped like a strong rib, performs tlie work of clcar- 
I ing the retort. It is well to observe, tliat, in order 

i ! to prevent tho teeth or the rib of the rake wcarujg out 

! tho brickwork, tliey are kept at half an inch distance 

i from tho floor or bottom of tho rotoit by friction 

1 rollers, suitably jdaced for bearing tho weight of tho 

1 apparatus. Tliere arc also friction rollers fitted on the. 

I sides of the rake for guiding its movement along the 

j sidcis of the retort. 

I Wh(&n the retort is at work, the gas passes off through 
the ascension pipe, v, and enters the hydraulic main, x, 
i through the plunger, Y, which is suspended to a screw, 

1 and can be moved up and down for the purpose of 

j transforming at pleasure the hydraulic main into a dry 

I main by suppressing the dip, which contrivance is very j 

j 1 1 valuable for relieving the retorts from all pressme. | 


Mr. Alexander Cboll has taken out a patent for 
freeing gas from its ammonia, and a part of tlio sulphide 
of hydrogen, producing at the same time chloride of 
ammonium. He introduces a solution of tho chloride 
of zinc into a vessel, upon the same construction as a 
wet lime purifier; on admitting the gas, double decom- 
position ensues ; an insoluble sulphide of zinc, and 
a solution of chloride of ammonium, are produced. 
The gas must be further purified with lime in the usual 
way. 

The specifications of a great number of other patents 
for alleged improvements in gas-making might be given ; 
but as they are not of mucii interest, and probably of 
too little usefulness ever to bo adopted, tho Editor 
deems it unnecessary further to uUude to tliern, whiesh 
would only exhaust tJie patiemee of tho reader with 
a series of dry details. In conclusion, the Editor has 
to express bis thunks for the courtesy and information ; 
rendered to him by ]Mr. Samuel EnwAHUs, formerly ' 
of tlm Liverpool Gas Works. j j 

GELATIN. — Gelatine^ French; Gnlkrtc, German; i! 
Gdaiin^ Latin.— Skin, the tissue of bones, cartilages, > ' 
and many analogous animal ti.'^suos, possess the well- i 
known property of yielding to boiling water a substance 
capable of becoming jellied by tho cooling of the men- i 
striiuui. This wjis for a long time regarded as a jk'cu- | 
liar organic principle, and w\aR known hy tho name of | 
gelatin; hut, lath'rly, Muller found it to consist ot 
gtdatiij, projx'iiy so called, and of another particular ; ! 
product, which he dimorninate'd chomlruu It is gemir- 
ally assumed, though not i>crhapB on very suflicient ' 
grounds, as IhtANDF, remarks, that the g('latinous tex- , i 
turcK do not contain rcadj -formed gidutin, tliat that 
substance docs not, in fact, pre-exist in the animal 
kingdom, but that it is generated by the action of hot 
water upon the membra nous liMSiics. 

"Jlie historical information connected with tins sul>- ■ | 
ject is very limited. Ichthgocalla — the Latin Hynonym 
for iftinglasK, derived from two Greek words, signifying I 
the glue of repeatedly mentione<l by Djosco- 

KIDES and Tliw ; the latter writer attrihulcs tho dis- 
covery of it to DA:i>ALtTs. 1 

]*ri:pa RATION.— ( hilatin is olttuined by subjecting : 
fragments of hoofs. horn.y, liides, bones, the fluff of calves, 
cows, sheep, et cetera^ to the action of boiling winter or 
steam. The resulting menstruum is skimmed and ■ ' 
strained, so as to ctfljct the romoviil of floating fatty 
bodies, and of any deposit wliich might be formed ; then 
allowed to gelatinize by spontaneous decrense of its ; : 
temperature. j 

It may also be procured from sliavings of hartshorn, * 
the product being tasteless, and having the advantage j 
of being entirely free from fatty and oleaginous matters, i 
AVhen gelatin is used as an article of food, the mate- 
rial should be of tlie best description, atid quite frcali, 
Bonos intended for this purpose ought to be well pre- 
served ill brine, or to be dried in a stove. Their gelaUn 
is best extracted by the combined action of steam and 
a current of ♦water percolating tho fragments, Cast^ 
iron cylinders are generally used in this part of tho 
process. A vortical section of one of these is repre- 
sented in Fig. 134, where AAA show the exterior 
cylinders, containing a basket or cage, b, filled with 
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bruised bones ; o c the pipe conveying stoetn to the 
interior ; d, a pipe for the introduction of water, pro- 
vided with a stopcock, B, fur regulating the quantity of 
the supply, and to which is accurately fitted a tube of 
tinplate, F, closed at the inside end, and perforated on 
its under side with small holes, so as to allow of the 
percolation of the water : this tube is inserted in its 
proper placo after tho bone-cage has boon introduced. 

The cylinders, represented by a a a A, are elevated 
about twenty inches from the floor, and secured in 
their respective positions by screws ; a a are tlie lids, 
in which aro tubuliircs or valvfes ; a thermometer is 
placed at 6; the stopcocks, for witlulrawing tlie gela- 
tinous menstruum, are shown at cc; dd are sniall 

FIjy, m. 



gutters of tinplatf* ; e c, the main conduit of discharge 
into tho cifitcni,/; r/ </, blocks and tackle for raising the 
honc-hasket; ft, the main steam-pipe. 

Wlien a pure jelly is required, the cylinder, after 
being charged with bones, is wi upped in a strong, 
coarse woollen maferial ; as soon as the fatty matters 
cease to flow, tho stopcock, e, which admits the cold 
water, is closed, as also those at tho bottom of the 
cylinders, c c e, whi(di aro to be opened only at ilio end 
of every hour, hut to such an extent only as to let the 
gelatinous solution run out, witljout allowing any steam 
to escape. The menstruum is suljsequently strained, 
and poured into shallow vessel.s of tinplate, or upon 
slabs of maible, slate, or compact and polished stone, 
to solidify. It is finally cut into shreds, et cetera^ as 
may bo thought proper. This is, however, only one 
method of manufacturing gelatin ; and others, for which 
patents have been obtained, will bo given in a subse- 
quent part of the i)resent article. 

PuopERTii'.s. — Wlicn pure^ gelatin is colorless, trans- 
parent, hard, and endued with great hut variable coho- 
r<^nce, according to the kind of tissue from which it is 
obtained. It is inodorous and insipid. Its specific 
gravity is greater than that of water. It has a neutral 
reaction. When heated, it softens, diffuses a peculiar 
odor, enters into a state of semi- fusion, bends, tumefies, 
and thou exhales tlio odor of burnt horn. In tho air 
it takes fire with diflioulty, smokes, flames only some 
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instants, and leaves a bulky charcoal difficult to incine- 
rate, the ashes of which consist principally of phospha te 
of lime. By dry distillation, gelatin gives much car- 
bonate of ammonia, and yields in general the ordinary 
products of the distillation of nitrogenized substances. 

In cold water it softens, intumesces, becomes opaque, 
but does not dissolve, A liquid which contains one- 
hundi’edth part of its weight of gelatin becomes viscous 
on cooling, but when it has only the one-hundred-and- 
fiftietli, tho menstruum remains fluid. These pheno- 
mena, however, vary with the tcmp<iratnre. In winter 
the jelly is much more readily formed than in summer. 

If tho solution of tho gelatin is effected too quickly, the 
jelly obtained is less firm. Moreover, the result varies, 
not only in gelatin obtained from different tissues, but 
also with that obtained from the same tissue taken from 
animals of various ages. 

It differs also according to tho care which has been 
bikon in tho preparation of the gelatin ; when its solu- 
tion has been exposed to a temperature higher than 
212° ; and when it begins to sour, it loses in part the j 
property of becoming jellied. The same happens when i 
its solution is boated and cooled several times. If ! 
gelatin be loft a long time in the open air, at a tom- j 
peraturo of G0° to (>8°, it h(?comcs ammoniacal, and j 
putrefies, diffusing a veiy fetid smell. Tho addition of | 
a certain quantify of acetic acid prevents the putrefac- i 
lion without destroying its adhesive power. j 

Gelatin is not sensibly soliiblo in alcohol, and when ! 
tho latter is poured into its solution, lukewarm and i 
somewhat concentrated, it coagulates in a white cohe- 1 
rent, clastic, and slightly fibrous mass, which adheres | ! 

to the vessel with much force. Like dry gelatin, it | i 

softens in cold water without dissolving in it. On j 
evaporaling tho alcohol, there remains a thin transpa i 
rent coating, very soluble in cold water, but which is j 
not capable of being jellied. Common gelatin, in a ! 
dry state, treated with alcohol, gives up to it a certain I 
quantity of fatty matter, and some substances of an i 

extractive nature. It is perfectly insoluble in ether : 

and in oils, both fat and volatile. 

Gelatin, when in the jellied state, and treated with | 
alcohol, undergoes a dehydration, under tho influonco | 
of which it contracts much. It was by this means that | 
Connor succeeded in remarkably reducing the size of j 
a print obtained in a very hydrated film of gelatin, and | 
transferring it, so reduced, to stone, from which ho ob- j 
tained a new impression, quite similar to the first, hut j 
more or less diminished. I 

By taking these prints, on the contrary, with gelatiii 1 1 
very little hydrated, and afterwards steeping them jn 1 1 
water, a dilatation of the plate is obtained, which en- j 
larges the figures with the same regularity. 

Tiienard ohsen^ed, that if chlorine bo passed into a 
somewhat concentrated solution of gelatin, each bubble 
is surrounded with a white clastic matter, which fol- 
lows it to the surface of tho liquid, and which, at the 
moment when the bubble bursts, leaves a white 
glutinous matter, capable of taking a <;hatoyant ap- 
pearance by malaxation. Only a small quantity of 
chlorine is required to precipitate all the gelatin, 
and, when this body is in excess, the dopomt be- I 
comes, of a light yellow, tho liquor containing free ! 
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I hydrochloric acid, and only a very small quantity of 
1 animal matter remaining in solution. Gelatin, com- 
j bined with chlorine, is insoluble in water and alcohol ; 

I it reacts as an acid, a property of which it may be de- 
; prived by macerating and washing it with tepid water. 

! It exhales the odor of chlorous acid, which it evolves 
I when heated at 212 ®, a brownish residue remaining. 

I Muldbr states that it consists of one equivalent of ge- 
j latinrsCjj, Og N^+Cl^ O 3 . \Vlicn acted upon by 
I ammonia, nitrogen is disengiiged, chloride of ammonium 
! formed, and unaltered gelatin separated. An opalcs- 
I cent, gelatinous body is simultaneously produced, the 
composition of which is represented by the last-men- 
j tinned chemist as three equivalents of gelatin = 
3 (Cj 3 H,,, Og N.J + Og). Mulder has also ex- 
amined two additional chlorous compounds of gelatin, 
the first being 4 (Cjg Og 5 other, 

6 ( 0,3 1 - 1,3 Nj) + 2 (OI 3 O 3 J. Much doubt exists 
with regard to the correctness of these results. Iodine 
and bromine do not give rise to any synonymous com- 
binations. 

Oonceiitratod sulpiaii'Ic acid produces a very remaik- 
' able alteration in gelatin, converting it into sugar 
I 0 / gelatin^ leucin^ ct cetera^ wljicli will bo subsequently 
! noticed. 

j Nitric acid, aided by heat, translorius gelatin into 
' oxalic acid. 

I Concentrated acetic acid renders buficncd gelatin 
! transparent, and then dissolves it; the solution does 
j not become viscid, but preserves its adhesive property. 

Diluted acids, on the other hand, do not prevent gcla- 
j I tin giving a coagulum on cooling, 
j The alkalies when dilute, and even concentrated 
j ammonia, do not deprive it of the property of beconv- 
! ing jellied, hut render the solution turbid by causing a 
precipitate of phosphate of lime. Softened gelatin 
dissolves at the ordinary temperature in concentrated 
aqua potassee, leaving a white residuum, which is com- 
posed principally of phosphate of lime. If the solu- 
i tion be exactly saturated with acelic acid, and eva- 
I porated, it does not become glutinous ; the gelatin, 
j altered and combined with acetate of potassa which 

i remains after the evaporation, is soluble in alco- 

j hoi. ■ Sulphuric acid precipitates from this menstruum 
I Rulphato of potassa, combined with modified gelatin; 
and if the precipitate bo dissolved in water, and the 
liquor left to spontaneous evaporation, it crystallizes to 
the last drop. The aqueous solution of the salt is 
abundantly precipitated by the infusion of nut-gall, by 
chloride of mercury, and by the scsquisulphate of iron. 
Hydrate of lime does not alter the solution of gelatin, 
which dissolves much of it. The same may bo said of 
phosphate of lime ; hence the reason why so large a 
quantity of this salt occurs in tlio glue of commerce. 

I No subsidence is occasioned in dissolved gelatin by 
1 the addition of neutral ses(|uisulp}iato of iron, until the 
menstruum has been boiled, when a flocculent reddish- 
yellow precipitate falls, consisting, according to Mul- 
der, of three equivalents of gelatin combined with six 
equivalents of oxide of iron, and one of sulphurioiacid. 
DuKAg states that gelatinous menstrua are not thrown 
down either by tlie neutral or basic acetate of lead, 
but, according to Gmelin, the latter causes the forma- 
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tion of a copious subsidence. If a gelatinous menstruum 
be gradually mixed with a solution of chloride of mer- 
cury — corrosive sublimate — a cloudiness is produced 
which quickly disappears. This effect continues till a 
certain quantity of the reagent has been added, when 
the gelatin is at once precipitated as a white, coherent, 
and very elastic coagulum. The behavior of gelatin 
with nitrate and subnitrate of mercury is synonymous. 
Protochloride of tin causes a brown flocculent subsi- 
dence, but the bichloride gives no reaction. 

Silver and gold st^ts do not precipitate gelatin, hut 
by the influence of solar light a portion of the metal is 
reduced. It is thrown clown by sulphate of platinum 
in brown viscous flakes, whicih blacken on the filter, 
and are afterwards easily pulverized. K. Davy regards 
this salt as an infallible tost for the detection of gelatin, 
oven in the presence of albumen, and in solutions so 
dilute as to be unaffected by tannic acid. 

Tannic acid is a valuable and dclicato test of tbo 
presence of gelatin. When added to a solution con- 
taining only on e-five- thousandth part of gelatin, nebu- 
losity is immediately apparent. When more concen- 
trated gelatinous menstrua are treated with tincture or 
infusion of galls, a dense, white, caseous subsidence 
ocem-s, which, on desiccation, becomes brownisli-yellow”, 
agglutinates, and forms a hard, brittle niass, easily 
reduced to powder. 

From the investigationa of Mulder, it appears that 
several definite and permanent combinations of gelatin 
with tannic acid arc capable of being formed. On com- 
mingling the pure solutions of thc.so bodies, a neutral 
combination, containing one equivalent of gelatin, one 
of tannic acid, and two of water, is formed. According 
to Davy, the compound of gelatin with oak-tannin 
consists of— 

rpnifOntinHy. 


Golalin, 

Tuuiiic acid, “Id 


100 

M. ScTir^nEL, wlio obtained noai’ly the same results, 
says that one hundred jiiirts of gelatin precipitated with 
a largo excess of a solution of extract of oak-hark in 
nine parts of water, combined witli 1 18'5 parts of tannic 
acid. When, on the contrary, ho mixed a very dilute 
solution of extract of oak-bark with the solution of 
gelatin, without jirccipitating the wliolo of the latter, 
the deposit, which occu])ied a considerahle time in 
subsiding, contained 50*25 per cent, of tannic acid. 
The gelatin was combined, in each of these cases, with 
different proportions of tannin, which are to each other 
as 1*0, 1*5, and 2*0. 

Gelatin, Ba3"s Dumas, unites with various quantities 
of tiinnins derived from other sources, hut never to a 
less extent than sixty per cent, when the precipitated 
menslnuim contains tannin in excess. 

It would sometimes bo important, in researches re- 
lative to animal chemistry, to bo able to separate 
tannin from gelatin, but this has not been cfl'cctcd. A 
dilute solution, oither of caustic alkali or a carbo- 
nate, extracts much of the tannic acid, and leaves a 
gelatiniforra, mucilaginous, swollen mass, which, with 
the aid of boat, dissolves in alkali like gelatin ; but it 
is found in this case, that the solvent employed for 


1 1 


! 


1 
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removing Uie tannic acid has idso taken up a certain 
quantity of gelatin, and if the maaa in question be 
digested with water, a little of the gelatin dissolves 
out, while the remainder is converted into that combi- 
nation- of. gelatin and tannin which has been already 
mentioned as so slow in depositing. 

CoatPQSiTiON. — Ultimate analyses of gelatin have 
been made by numerous chemists, but witli different 
and ill-agreeing results, the foremost among tlicm 
being those of Mulder, Scherer, and Goudceveu ; 
the formula) proposed to represeut its composition 
are, consequently, equally diverse. That, however, 
adopted by Lbwxo appears to approach nearer to the 
atomic combinations wliich have been examined, and 
to agree better with experiment than any other, and 
is adoi3ted in the following tabulation ; — 

Cuiito^nially reprouinted 

At. weight. ITioory. Mulder. Scherer Suliurcr Goudwvor. 

13 Eqs. Carbon,... 78 60-00 60-04 50-4 60-78 60-00 

10 K.iu. llyilrogeii, 10 0-41 6-47 0-9 7-16 C-72 

6 Kqs. Oxygen,.. 40 25-64 25-13 23*8 23-7.6 

2 Eqs. Nitrogen,.. 28 17-96 18-36 18-9 18*32 

1 Eq. Gelatin, ...15G 100-00 100 00 100-0 10U‘00 

Sugar of gdaiin^ to which allusion has already been 
made, was discovered by M. Bkaconnot. This che- 
mist triturated one part of pulverized gelatin with 
double its weiglit of conebntrated sulphiirie acid, and 
set the mixture aside for twenty-four houi’s. At the 
end of this time the color of the liquid was not deepened, 
lie tlicn added eight parts of water, and subjected the 
menstruum to ebullition for another twcniy-four hours, 
keeping up the quantity of water. On diluting the 
I fluid, saturating with carbonate of lime, filtering and 
i evaj)oratiiig, a sirup was produced, which, when allowed 
! lo remain quiescent for a month, deposited granular 
I crystals strongly adherent to the bottom of the vessel, 
i Those were edulcorated with weak alcohol, and purified 
by repeated crystallization. 

Sugar of gelatin possesses a maiked saccharine taste, 
very nearly allied to that of grape sugar. It is soluble 
in water, but not in alcohol. An aqueous solution, if 
kept in admixture with yeast, exhibits no sign of fer- 
mentation. According to Bt)USSiN(;AULT, the aqueous 
solution of gelatin sugar gives no precipitates wuth 
sulphate of copper, acetate of lead, or the nitrates of 
mercury and silver. 

Nitric acid decomposes sugar of gelatin, giving rise 
to a peculiar compound, which Buaconnot designated 
vilrosnccharic aciU^ but which it would be useless to 
describe lievo. 

The composition of sugar of gelatin is as under : — 

Cfittt4uiiitialljr 

Al wel((ht Thoory Miildor 

8 Eqs. Carbon, 48 34-04 34-06 

9 Eqs. Hydrogen, 9 0-38 0-49 

7 Eqs. Oxygen, 66 30-72 ...... 39-61 

2 Eqs. Nitrogen, 28 19-86 19-84 



LeuctUf previously mentioued as being one of tlie 
products of the decomposition of gelatin by sulphuric 
acid, has been shown by Mulder to be formed also 
during the putrefaction of casein, 

VOL. n. 


Leucin has a pearly lustre. It is friable, tasWless, 
inodorous, and greasy to the touch, and sublimes before 
fusion at about 3 10°. It is soluble in about twenty- 
eight parts of water at 65°, and in six hundred and 
fifty-eight parts of alcohol, of specific gravity 0’828, at 
the same temperature. A saturated alcoholic solution 
becomes turbid on cooling. It is insoluble in ether, 
aud is anhydrous, and neither acid nor alkaline. 

Further, leucin, as Branue stales, is soluble without 
decomposition in concentrated sulphuric and hydro- 
chloric acids. Chlorine decomposes it, forming hydro- 
chloric acid and other products, among which is a 
brown resinoid substance, aud a red volatile fluid. It 
absSrbs hydrochloric acid gas, forming with it a mono- 
atomic combination. Its composition, as determined 
by Mulder, is as follows : — 

ContfMlniA'ty' 


12 E( 1 R. Carbon, . . . . , 
12 E<jB. Hydroijen, . . 

At Vi eight 

. ... 72 ... 

Xh«oi7. 

... 55-39 .. 

Mu tier. 

.... 65-63 

.... 12 

... 9-23 .. 

. . . . 9-22 

4 Eqs. Oxygon, 

... 32 ... 

. .. 24-62 . 

. ... 24-74 

1 Eq. Nitrogen,. . 

.... 14 ... 

. .. 10-76 .. 

. ... 10-61 

1 Eq. Leucin, 

... 130 ..., 

.. 100-00 ... 

100-00 

Uses. — Gelatin is 

employed for making 

jellies and 


blanc-manges. Considered medicinally, it is emollient j 
and demuleeiit, and for this end is dissolved in water 
or milk, and rendered palatiible by the addition of acid 
and sugar. Latterly, it has come into considerable use 
in pharmacy for the formation of capsules intended to 
conceal the nauseous odor and taste of medicinal pre- 
parations enclosed in thorn. It has likewise been used 
for coating pills, and certainly ofters advantages not to 
be derived from the now almost obsolete practice of 
covering them with gold leaf. In the laboratory it is 
enqdoycd as a test for tannic acid. 

Patents. — Numerous patents have been taken out 
for the manufiicture of gelatin. Several of these arc 
of irajiortanee, and will be briefly noticed. 

In 1839, a patent was granted to GeokciE Nelson 
for imj)rovement8 in tlie preparation of gelatin. The 
products of the process are of two kinds, wliich the 
patentee denominates as gelatin of the first and second 
(|uality. The best sort is opaque, and is by preference 
made from cuttings of tlie hides of beasts or of the 
skins of calves, I'ho inferior variety is procured from ' 

(jlue-piecva^ freed tVbm liair, wool, and fleshy and fiitty | 1 

matters. The viudus oj^erandi is essentially the same I 

in both eases, and is as follows ; — The cuttings being 
well washed are macerated in caustic alkali at a tern- I 
perature of 60°, until they are partially softened. Ten j 
days is the period named ^ as required to efl'ect this. ' 

I They are then placed in close vessels, and permitted to 
I remain until a thorough softeirng — ascertained by pass- 
ing a fork through tliem — is efl'ected. They are now 
waslied in a revolving cylinder, through which a cur- j 

rent of water passes ; exposed in a well-closed chamber 
to the action of sulphurous acid; submitted to pressure 
lo remove the adhering water ; and subjected to tlie i 
action of steam at about 150°, till they are, as far as j 
possible, dissolved. The menstruum is then strained, 
and set aside at a temperature of 100° to 120°, for the ! 
impurities which may have remained to subside ; then ; 

________ ' 
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poured upon slabs of slate or marble to the depth of 
about half an inch, and allowed to remain there till it 
has sufficiently solidified, when it is cut, and washed to 
remove all traces of acid. It is subsequently redis- 
solved by means of a steam-bath at the temperature 
of 85°, and finally re-solidified, and exsiccated by 
exposure to dry air upon nets. 

C. R. Roper, for whom a patent was sealed in April, 
1845, prepares gelatin from bones or ivory, broken 
into small pieces in a digester. To each hundred- 
weight of material is added six gallons of water, and 
the vessel being closed, steam is admitted at a pressure 
gradually raised to thirty-two pounds per square inch 
for three and a half hours, when the charge is with- 
drawn. If the bones were in a pulverulent state, it 
would be requisite that the gelatin should be pressed out 
from the residuum *, but if they were merely broken 
into fragments, this would not be necessary. The pro- 
duct is now run into shallow tins or pans to solidify, 
and finally ])laced on nets to dry in the usual manner. 

The specification also includes the fiavuring of the 
gelatin with essences of lemon or almonds, for the pre- 
j)aration of jellies or blanc-manges. 

In I84G, Akney took out a patent for the prepara- 
tion of gelatin in powder, and free from water, so that 
it is not so liable to become mouldy, while it is reduced 
to such a state that it readily dissolves in water upon 
the application of heat. Ordinary gelatin is subjected 
in a stove-room to a temperature which ranges from 
150"' to 2r2^, and when the moisture is entirely dis- 
sipated, it is broken to pieces, and ^^ound, in a mill of 
any ordinary kind, to a line powder. The patcuitee 
claims, secondly, the application of gelatin in a 
powdered state, by means of a particular method of 
sweetening and flavoring, from which jellies may be 
prepared by disstdving it in water, and blanc-iiiangtis 
by infusing it in milk. He also applies liis powdercfl 
gelatin, when mixtid with farina or starch, or starch 
vegetal flour, and flavored with essence of meats, culi- 
nary herbs and spices, in the way set forth in t)ic 
specification, for the puri)o.se of thickening, enriching, 
and flavoring soups, gravies, et cetera. 

In 1844, Messrs. J. and G. Cox of Edinburgh 
patented a process, by which they obtain a perfectly 
pure substance, possessing a gelatinising force superior 
to that of isinglass. 

Shoulders and cheeks of ox hid^8, which are pre- 
ferred by the patentees, are thoroughly cleansed in 
water, after which the}'- are cut into pieces by a ma- 
chine similar to that used for cutting straw, and tlien 
subjected to the action of a paper-maker’s pulp-mill. 
By this process, the gelatinous fibre is well washed and 
cleansed, as a stream of water flows through the mill i 
during the whole operation, carrying ofl’all the impuri- 
ties. The material is next pressed between rollers, j 
mixed with fresh w’^ater suflicient to effect its solution, 
and heated to a temperature varying from 150° to 212°. 
By these means a superior gelatin is speedily pro- 
duced, and it is said that the gelatinising power is not 
weakened by a lengthened exposure tf» heat. j 

When a very pure product is desired, the grain and I 
flesh are removed as completely as possible from the hide I 
pieces, the albuminous matters being thu.s separated. I 


After that portion of the process already noUoed has 
been gone through, the liquid gelatin is placed in a 
steam-bath^ and when heated to a temperature not 
exceeding 160° or 170°, fresh ox blood is added, in the 
proportion of one gallon to seven hundred of the gelatin^ 
As the temperature increases, the albumen of the blood 
becomes coagulated, partly rising as a scum to the sur- 
face of the menstruum, tlic other portion descending to 
the bottom. When the magma has all ascended, the 
heat is lowered, and it is removed, and the purer liquor 
allowed to settle for about an hour, when it is run into 
coolers, where it congeals, and is tlien cut out into any 
convenient way and dried, in vacuoj by a process similar 
to that for the evaporation of saccharine menstrua. 

By another mode of concentration, the gelatinous 
solution is run upon a stcam-hcatcd surface — say pipes 
of lialf an inch diameter, jdaced within one-cighth of 
an inch apart — to the depth of about an inch. The 
exsiccation is then completed in the open air. 

A patent was granted, in 1847, to G. B. SwiNBOUNE, 
for improvements in the manufaciuro of gelatin by the 
following process: — Hides or skins, or tliose parts of 
tliem known as glue-pieces, are cut into shavings, or 
thin slices or films, by any suitable instrument ; these 
are then soaked in water, which is clianged two or 
three times each day, until no smell or taste can be 
detected either in tlie water or in the shavings, which 
arc then removed, subjected to heat with water suffi- 
cient to cover them wlien pressed down in any suitable 
vessel. The gelatin, thus dissolved, is strained, sub- 
jected lo slight pressure, and run in thin films upon a 
smooth sui face of slate or oilier material to set, and 
then placed on nets to dry in the prdinary way, and 
finally cut into shreds. 

A fish gelatin is also prepared by the same method 
from cod sounds, which forms a good and cheap substi- 
tute for isinglass for clarifying lic^uids. 

1IS1N(jLASS. — Colie depmscon, Erenoh; Mschlnm, 
German ; Ichthyocolla, Latin — I'Jio repeated mention 
by Dioscorides and Pliny of ichthyocolla has already 
been noticed. 

Isinglass is obtained from the air-bag, or sound, as 
it is sometimes termed, of various fishes, many of which 
are still unknown. The finest kinds are produced by 
species of the Adpenser, and some other genera, as the 
Morrhua, Silurm, and Gadus. 

The method of preparing the air-bags for sale, differs 
considerably, according to the country in which it is 
conducted. The commercial pipe, purse, and hmp 
isinglass consist of Uie bag desiccated, but unoj>encd. 
The leaf and honey ernnh kinds are examples of the 
bladder cut open and dried unfolded ; in the staple and 
Imoh varieties, it is folded, while in the ribbon isinglass, 
it is rolled out. It is picked or cut before importation 
into Great Britain. 

Description. — For a delineation of tho various 
kinds of isinglass, the Editor holds himself indebted to 
Itr. Pereira. The very able dissertation of that 
pharmacologist on the various fishes from which isin- 
glass is prepared, must, however, be omitted, as out of 
place here. 

1. Russian and Siberian Isinglass.— T he isin- 
glass produced in the Russian empire is principally 
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obtalitod from sturgeomt.’" These loaltilaginouB 
fritheS copststute the genus Aeipemer* But this is not 
^ only genus frcun whicb: isinglass is obtained in 
Boasia, for it is also procured from the SUtmts fflams, 
which Br. Boylk suggests may be the source of the 
Samovey isinglase of commerce. Bkande thus de< 
scriifes the preparation of Bussian isinglass :-^The 
swimming bladder is cut open, washed, and then 
exposed to the air with the inner silvery membrane 
turned upwards. The latter is then stripped off and 
placed in damp clotlis, or left in the outer covering, 
and prepared or kneaded. It is then taken out of tJie 
cloths, and either merely dried — leaf isinglass — and 
twisted in a seipeutino manner, between three pegs, 
into tlie shape of a horse shoe, heart., or lyre — long and 
short staple — or folded in the manner bookbinders 
fold printed sheets of paper — book isinglass. 

Dr. Fereiua observes in a foot-note to the above 
account of Brande, that though it agrees with the 
statements given by Pallas, Gmelin, Ueohgi, and 
Tooke, there must be some inaccuracy in it. The 
immersed membrane of the swimming bladder is insol- 
uble, though, according to Brande’s view, the inner- 
most is the gelatinous membrane. According to 
T- W. C. Martin, the swimming bladders are first 
placed in hot water, carefully deprived of adhering 
blood, cut 0 }icrj longitudinally, and exposed to the air, 
with the inner delicate silvery membrane upwards. 
When dried, this fine nwnbrane is removed by beating 
and rubbing, and the swimming bladder is then made 
into difforcut forms. 

Several kinds of leaf isinglass, says Brande, arc 
imported from Russia. The finest kind is that from 
Astrakhan, one variety of which is said to bo obtained 
from the Beluga — Adpemcr huso. These are im- 
ported from St. Petersburg. The Samovey leaf is an 
inferior kind brought from Tagjinrog. Sisane leaf is 
the produce of a small fish, each piece measuring only 
about two and a half inches each way, and weighing 
about a drachm ; it looks like pieces of dried bladder, 
marked by two fil)rou8 or muscular bands. Kroski 
isinglass is in small circular membranous discs. Long 
staple isinglass is of fine quality, and is the produce of 
the Oural. It is usually imported loose ; at times it is 
strung on ropes, and this latter kind is preferred. Of 
short sUiple, three varieties are known : the finest is 
from the Oural, and is distinguished by the name of 
Patriarch, but it is very scarce. The Astrakhan short 
staple is one of the best kinds. The Samovey short 
staple is of inferior quality. 'J’wo sorts of book isinglass 
are met with* ; that from the Oural is excellent,' but the 
Samovey product is little regarded. SilRjrian purse 
isinglass is of moderately good quality, and is in general 
demand. A small kind on strings, in a necklace form, 
is sometimes imported. 

2. Brazilian Isinglass. — This is imjjorted from 
Para and Maranhara, and, according to Guibourt, is 
sometimes denominated Cayenne isinglass. The fishes 
which produce it are not known, but it is obvious, 
from a superficial examination of the commercial speci- 
mens, that they must have been obtained from at least 
several species or genera. Yarrel suggests the genera 
Pimelodus and Silurus as the sources of it. 
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It comes over in the form of pipe^ lump, and honep’ 
comb. 

Pipe Brazilian isinglass must have been procured 
from a large fish. It is prepared by drying the swim- 
ming bladder unopened, and in some cases this is 
found distended witli air. Each air-bag or pipe, as it 
is called, is from ton to twelve inches in length, and 
two or two and a half inches broad, weigliing about 
five ounces, in shape somewhat conical, tapering at 
one extremity, but broader at the other, where on 
each 8id6 is a cmcul prolongation. It is devoid ot 
smell. Lump Brazilian isinglass consists of two swim- 
ming bladders placed side by side, considerably sepa- 
rated at one end, but communicating with each other 
at the diverse extremity. When perfect, each specimen 
bears some resemblance to that of a torpedo. A per- 
fect, though not very largo lump, measured eight inches 
in length, and at the greatest latitude, five inches. Its 
weight is about six and a half ounces. It consists of 
three portions, separated by constrictions. The largest 
portion is five inches broad, and three and a half inches 
in length, flattish in front, rounded posteriorly. It 
corfsists of two sacs, placed one on each side. The 
middle portion is cblong, three inches in length, and 
two in breadth. Tlii's is also formed of two sacs, com- 
municating with tlie preceding portion. The third 
portion is oblong, one and a half inches long, and three- 
fourths of an inch wide. This consists of one sac only, 
into which both sacs of the middle portion open. 

Honeycomb Brazilian isinglass appears to be the 
largest quantity of the lump variety split open. Tlie 
latter is sometimes softened, and rolled out into thin 
ribbons, in this country. On account of its deeper 
color and less solubility, Brazilian isinglass is not in 
demand for domestic use ; though, as it is sold in the 
cut state, it is probably largely intermixed by sbop- 
kcepers with the finer kinds of Russian isinglass, and 
sold as such. As it is moderately cheap and soluble, 
it is in exhuisive use for fining l)y brewers, wlio are 
the principal consumers of this variety. Wlicn 
digested with boiling water, it loaves a large proportion 
of unJissolvcd white matter of a starchy consistence. 

.7. New York IsingkiRS. — Occasionally, ribbon isin- 
glass is imported from Now York. It is in thin strips 
of several feet long, and from an inch and a half to two 
inches in width. It is less soluble than Russian isin- 
glass, and affords a dark-colored solution. Dr. J. V. C. 
Smith states that it is olitaincd from the air-bladder 
of the common Hake — Gadus merluccius — which is 
macerated in water for a short time, and is then taken 
out and 8ubj(>,cted to pressure between two iron rollers, 
by which it is elongated to the extent of half a yard or 
more. It is then carefully dried, packed, and sent 
to market. The common cod — Morrliua •vulgaris — 
yields a poorer kind of isinglass ; but the hake only 
is known to the extensive manufacturers as fit for their 
purposes. 

4. Hudsoiis Bag Isinglass . — Dr. Peretra was 
unable to ascertain from what fish this isinglass is pro- 
cured. It comes over in the purse form. One speci- 
men measured twelve inches in length, and three and 
a half in diameter; its weight is one ounce and a half. 
It is of a light yellow color, translucent, and free from 
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taste and smell. The inner lining of the sac, which 
may be readily stripped off, is insoluble in water ; the 
remaining membrane dissolves in boiling water. 

5. East India Isinglass. — It appears that, for a 
long period, this has been exported from Calcutta to 
China, but it has only recently occupied the attention of 
Europeans. It is probably the produce of a B})ecie8 of 
Pvlyneimut. But, according to Dr. Koyj.e, the fishes 
which Dr. Buchanan named and several species 
of Silurus^ especially S. raita, also yield isinglass. 
Most of the specimens of Indian isinglass examined by 
Dr. Pereira had an unpleasant fishy odor, which 
rendered them totally unfit for liousehold use, and 
greatly deteriorated their value for domestic purposes. 
A sample of East Indian purse isinglass, examined by 
Dr. Pereira, consisted of an unopened swimming 
l)ladder, flattened and dried. Its sha])e is oval-oblong, 
its length nine inches, its breadth three and a half 
inches, its weight seven and a half ounces. It has a 
sti-ong fishy smell, and is of a dark color. 

Another kind — East India leaf isinglass — is the sac 
merely laid open and dried. It is eight or nine inches 
long, six or seven inches broad, and about three-tenths 
of an inch thick. A third variety— East India rolled 
leaf isinglass — which Dr. Pereira received from Dr. 
Boyle, appears to have been formed by rolling out the 
preceding kind into thin plates. One specimen Avas 
about eigliteen inches long, three and a liaif inches 
wide, and ono-tenth of an inch thick. Some of the 
sheets are covered with a thin film of chalk. 

Picked East India isinglass is in small shreds, two or 
three inches long, and tapering at the extremities. It 
is lund-picked in India by the natives 

Manilla isinglass has been imported recently us thin 
cahf. It is wliite and clean, and is crpial in cpiality to 
Brazilian or Samovey book. The fish wliich yields it 
is found in the river of Manilla, and on the coasts of 
the rhillp[)incH, Tjiconia. It is smaller than the Bra- 
zilian, hut greatly resembles the lump variety of that 
kind, and the fisli is probably an allied species. 

fl. Cod Sounds. — These, in the dried state, are 
brought from Scotland, and used as a substitute for 
loreign isinglass. Tliey are, liOAvever, usually pre- 
served soft by salting, and drcs.scd for the table. * 

Para Isinglnss. — A substance has lately been im- 
ported under the name of isinglass, which, on examina- 
tion, proves to he, not Uje air-bag, hut tlie dried ovary 
(jf a large fish. 

It consists of hunches — somewhat resembling those ! 
of grapes — oi' ovoid or rounded masses, attached by 
peduncles to a central axis ; by immersion in water, 
the latter is found to be a convoluted membrane, to one 
side only of which tliese ovoid masses are attached. 
When soaked in water, the fishy odor of this so 
called isinglass is very obvious. The ovoid masses 
are ova, are highly vascular on the surface, and are 
filled with an animal substance of a yellow color. In 
general appearance, they resemble the vitillua of a 
shark or ray. 

The Sudis gigas^ a large osseous fish, upwards of 
six feet in longtli, is found at Para. Its flesh is eaten 
by the lower classes in a dried and salted state, and 
its swimming bladder constitutes one of the kinds of 
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Isinglass was first analysed by Dr, JoiIN, 
results are very questionable* They are as fbHoWi-!???. 

Gelatin, 70*0, . 

Oamazom, 

Membrane insoluble in boiling water, 2^5 ‘ 

Free acid, and salts of potassa and soda, I ' 

with some phosphate of lime, j 


It appears that the Bengal isinglass yields, on ana- 
lysis, gelatin, alhumen, osmazom, a trace of odorous oil, 
and a small amount of inorganic matter. The (pian- 
tities of the first two mentioned principles contained in 
throe several samples of isinglass were respectively : — 


Grlatiii, Sd’r) 

Albumen, i;l*5 


Uses. — The more common kinds of ibinglaes, ospe- 
cially the coarse Biazilian, arc used by brewers for 
fining boer, and have been noticed in their application 
for that pin*}A(')sc. They are also employed for the 
clurificalioii of wiiKS, and various other liquids. 

Court Plaster is foimed by brushing a solution of 
isinglass, mingled with a little tincture of beni.oin, over 
black sarsenet. Liston’s isinglass plaster is similarly 
made with oiled silk. 

Isinglass also enters into the composition of those 
preparations know'n as marint glue^ diamond cement^ 
t t cetera., The latter is made i'y dissolving isinglass 
in dilute alcohol. These iiigredienls are put in a bottle 
loosely corked, w'hich is then placed in a A^essel contain- 
ing boiling w*ater, and siinriicred for about an lioiir. 
When cold, it should he an opaque, milk-wliitc, hard 
jelly ; it is re-dissolved by immersion in warm water, 
the cork of the bottle having been previously loosened. 
The addition of a little sjfirit is required, after some 
time, to replace that lost by evaporation. 

A better article than this may be obtained by soak- 
ing fine isinglass in cold water ; when it has swelMcl 
out, spirit is added, and the bottle containing these sot 
in a pan of cold water, which is gradually brought to 
the boiling point, when tlie isinglass becomes one 
uniform pulp, free from lumps or fibres. 

These preparations have a tendency to become 
mouldy, which may be diminished or removed by the 
addition of a few drops of any essential oil. 

Adulteration of Isinglass. — The quality of cut 
isinglass is estimated, says Dr. Bedwood, — 1. By its 
color; that which is cut fine by machinery being, ceteris 
jjarllmsj the whitest and generally most estciemed. 2. 
By the odor emitted after breathing upon it ; that being 
the best which is least disagreeable in this respect. 3. 
By the extent of its solubility in water. 4 . By the con- 
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and KEDWood have shown that sheet 
/ l^aiin^ tolled between sheets of isinglass in the 
moiMli^d statO^ so as to form a ribbon in which the 
two substances would be united. 

This may be detected by means of the microscope, 
the separate strata being in many cases clearly discern- 
ible. The amount of inorganic matter in the product 
is also a clue as to whether it is or is not adulterated, 
sinco isinglass gives an ash of a reddish color ^ amount- 
ing only to a half per cent, while gelatin gives, accord- 
ing to Kedwood, not less than three per cent, of white 
ash. 

They may also be distingnisbod from one another, 
says Dr. KEt>wu)f>(J, by means of caustic potassa. 
When cut isinglass is macerated in a cold solution of 
caustic potassa, it will speedily become transparent, 
and, after the lajisc of a few hours, if occasionally 
stirred, it will hii dissolved, forming a chair and color- 
less solution. After allowing this to stand for some 
timo,av^/*ys///;/(tf liocculont precipitate will be deposited, 
which, ill oyicraling on twenty or Unity grains ol 
isinglass, will be scarcely perceptible. Cni gelatin.^ by 
the same treatment, becomes o}Kupie; even those speci- 
mens whicli wcio BO, to a certain extent, previously, 
will assume increased opacity after immersion. The 
gelatin ultimately dissolves, as does the isinglass ; but 
the solution is not transparent, and after some time a 
cojHims flocciilent deposit is formed. 

A sam])le of hand-cut isinglass, examined by War- 
INGTON, had a great deal of acid adhering to it, which 
bo considered to arise either from the acid having been 
used for the purpose of improving an inferior isinglass, 
so as to render it saleable, or from its admixture with 
gelatin prepared by means of an ikmM. 

(}LUJ^. — Code forte, French ; Tischlerloim, Gennan. 
—(■Hue is an impure desiecated gelatin, obtained from 
various sources. The priruMpal substances employed 
are scraps of ox and other tliick hides, which aflord the 
strongest product ; tlic dt'bris of the tan-yards, of Ica- 
Ihor-dressers, morocco-loather manufacturers, et cetera. 
The tendons and intestines of many animals, rabbit 
skins deprived of their fur, scraps of parchment, ohi 
gloves, and many other apparently worse than useless 
matters, all contribute their quota in the manufacture 
Ol glue. 

When the fresh glue-yielding substances are not to 
be immediately employed, it is always reijuisite to 
submit them to some antiseptic treatment till they are 
required for use. 

This preservation often foms the base of a p^irticu- 
lar branch of industry, which has for its object to 
prevent the fermentation of the raw materials, and to 
dry them to avoid the expenses of transport. These 
results ore obtained by simply macerating them during 


fifteen to twenty days in milk of lime, which is repeatedly 
renewed. After taking them from the lime bath, they 
are spread in the open air to drain and dry. This 
desiccation is accelerated by turning them over with 
a fork several times a day. When sufTunently dried, 
the materials are packed up and sent to the glue 
factory. 

The calcareous liquor serves to dissolve the blood and 
some soft parts ; it attacks the epidermis, and predis- 
poses the tissue to be more easily converted into 
gelatin. Before employing these glue-yielding mate- 
rials, the manufacturer is in the habit of completing 
these eftects by again immersing them in a weak milk 
of lime, which frees them still furtlior from any soluble 
animal impurities. When they are much swollen and 
easily penetrated, they are several times rinsed in 
water to remove the excess of calcia. They are then 
spread upon hurdles, being turned occasionally to car- 
bonate the free alkaline eartli, which miglxt subsequently 
be injurious to the glue. It is not necessary, however, 
to dry the material, as when put into the boiler it dis- 
solves faster when in a soft or tumefied state. 

Formerly the glue pieces, having been cleansed as 
above described, wcrcj thrown loose into the cSldron, 
whicli was of copjier, rather shallow in proportion to 
its area, and flat-bottomed. Above the true bottom 
there was a false one of copper or iron, perforated with 
numcroiiH holes, and standing upon feet three or four 
inches high, the animal matters being thus upheld from 
coiflTct with the fire. 

Now, however, the material is placed in a wide- 
mouthed hag or net, made of rope, and spread oj)cn in 
the caldron, whicli contains a light framing of iron, to 
prevent the bag adhering to the sides or bottom. 
Water is then added, and gradually brought to ebulli- 
tion. As the animal substances decrease in bulk, fresh 
additions are made, the whole being occasionally agi- 
tated or pressed down by moans of poles. 

The progress of the operation is readily ascertained 
by withdrawing a KJimj)lc of tlie menstruum, and setting 
it aside for a few minutes to cool. If a clear and con 
sislent jelly ho obtained, tlie boiling has been can-ied 
to a snflicient extent, and the mouth of the glne-bag 
having been securely tied up, it is slowly raised by 
appropriate maeliinory, uutil it comes in contact with, 
or is partially coiled round, a large beam immediately 
above the caldron, which ex])els the fluid. In this 
state it is leCi; to drain. The solution in the boiler 
will require eva])oration before it is sufficiently concen- 
trated for making glue. 

The contents of the bag are subjected to ebullition 
for a second and a third time, and by this means afford 
size, Wlicii the resulting solutions are too dilute for 
cither glue or sixe, they are employed instead of water 
for extracting the glue from fresh materials ; the refuse 
in the bags, after all available matter has been extracted, 
is sold for manure, and every particle of animal sub- 
stance is turned to account. 

When sufficiently concentrated, Ibo glue is trails- 
fen-ed from the caldron to the settling -hack, whore such 
a temperature is maintained, that its fluidity is pre- 
served. The impurities by this means subside, and 
should the mannfiicturer wish a very fine product, he 
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can also at tliis time add such iiuing or clarifying 
agents as he may prefer. 

The glue is run off hence into wooden coolers or 
boxes about six feet in length, two in depth, and ono 
in breadth. The apartment in whicli this is done 
ought to be as cool and dry as possible, to favor the soli- 
dification of the gelatinous menstruum, and the floor 
should be kept scrupulously clean, so that should any 
glue escape it may be recovered. 

Having become a firm jelly, the glue is cut out into 
cubic masses, each of which is deposited in a kind of 
wooden box, open to the back in several slits or divi- 
sions, of a size corresponding to tlie thickness which 
the cakes of glue are required to have. It is then cut 
into slices by passing a brass wire stretched in a frame, 
like that of a bow-saw along the slits. The resulting 
cakes of glue are deposited upon nets, which arc 
streLched in wooden frames, and arc thus removed to 
the sheds, where they are placed in piles, due intervals 
being allowed for the circulation of the air. 'J’licy are 
turned two or three times a day. 

The drying of the glue, says Dr. UuE, is the most 
precarious part of the maimfiictiire. The least distiir- 
I bance of the weather may injure the product during 
j the first two or three days of its exj)osure. Should tlic 
! temperature rise considerably, the gelatin may become 
‘ soft and unshapely, so much so as to run through the 
meshes upon tlie pieces below, or to get attached to 
the sti’ings, and surround them so as not to be separable 
without plunging tlie net into boiling water. If frost 
supervene, numerous cracks may bo formed in the 
cakes, from the congelation of their water. Such pieces 
must be remelted. Even a slight fog produces, upon 
newly-exposed glue, a serious deterioration ; the damp 
condensed upon its surface occasioning a general moul- 
diness. A thunderstorm sometimes destroys the coagu- 
lating power in tlie whole laminie at once ; or causes 
the glue to turn on the nets. A wind too dry or too 
hot may cause it to exsiccate so quickly, as to prevent 
it from contracting to its proper size without numerous 
cracks and fissures. 'J’luis, as Tomlinson remarks, the 
I manufacture is subject to many vicissitudes, and can 
only be profitably and conveniently carried on in tem- 
perate and equable weather. The drying, however, 
is not entirely finislied in the open air. When the glue 
is about three parts dry, it is removed into lofts, where, 
in the course of some time, the hardening is completed. 
But, as the surfaces of the cakes become mouldy and 
soiled, it is necessary to scour them with a brush and 
hot water, and set them up to drain. They are then 
finally desiccated in a stove-room at an elevated tem- 
perature, w^hich, when they have once become solid, 
only serves to harden and improve them. 

In France, a considerable quantity of glue is made 
from bones, which arc digested in hydrochloric acid, 
for the purpose of removing the phosphate of lime. 

The following is the modm operandi : — It is proper to 
observe that all bones do not answer for this manufac- 
ture. Only spongy bones can be used ; the ribs, the 
back-bone, the lower jaw-bone of animals, and the 
horns, are those which yield the greatest amount of 
gelatin. The bones are broken as small as possible 
by means of an axe. Some hydrochloric acid of 
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36® Twaddell is mixed with a quantity of so 
as to reduce the mixture to 13®, wbloh can 1^ asoevr 
tainod by means of the acidimeter« The crushed 
bones arc put into a vessel, and the above*meii«i‘ 
tioned preparation poured over them so as to cover 
them completely. The vessel is covered dose with 
wooden lid, and the bones are thus left to mecenate foi 
thirty hours. When this period has elapsed, it must 
be seen if the bones are softened ; for otherwise, if tlie 
acid was deficient in strength to extract from them the 
lime and alkali, in tJiat case it would lie requisite to 
change the vessel, and to give them a new maceration 
with a mixture of 9® Twaddell strength. When suffi- 
ciently prepared tliey are withdrawn, and throvm into 
a bath of weak lime-water, wliero they are left to steep 
eight days ; they are then removed, washed with fresh 
water, and put to steep in a fresli portion of water 
daily for ten or twelve days, for the purpose of remov- 
ing from the bones the acid which may have penetrated 
them — then dried. These glues or pastes are now good 
for the market, and sell at about fifty sliillings tlie six 
hundred pounds. 

This, says Dr. Ure, is a poor article, possessing little 
cohesive force. It dissolves almost entirely in cold 
water, which is the best criterion of its imperfection. 

pRorERTiES. — Glue is commercially judged of by its 
color, and freedom from cloudy or black spots when 
held up before the light. 

The bettor sorts of glue are transparent, especially the 
thin cakes of Salisbury glue^ which are of a clear ambei 
color. The chemical characteristics of glue are similar, 
as a matter of course, to those of ]uire gelatin. 

According to Schattenmann, fresh glue dries inucli 
more readily than glue that has been once or twice 
melted. lie states that^dry glue absorbs dificrent quan- 
tities of water in proportion to its qualiiy, and on this 
prof)crty he has proposed a method of testing it. 

Fresh glue contains water of composition, or vrater 
more intimately united with Ujo glue than that which 
it acquires during llie melting. Tlie combined water 
of dry glue disappears in the course of successive melt- 
ings and solidificatiouB. 

Glue in thin laminae is usually of better quality than 
that which is in thick ones, oven when made from tlie 
same material, because tlie former admit of a more 
rapid desiccation tlian the latter. 

In applying Schattenm Ann’s test, dry glue is im- 
mersed for twenty-four hours in water at a temperature 
of about 60®. A jelly is thus formed, the qualities of 
which will fairly represent those of the glue. For 
example, the finest ordinary glue, or that made from 
white bones, absorbs, in the time specified, twelve times 
its weight of water, so that a plate weighing three 
grammes produces tliirty-ninc of fine elastic jelly. Ghie 
from dark bones takes up nine times its weight ot 
water, and a soft brown jelly is produced, devoid of 
elasticity and consistency, and falling to pieces when 
handled. 

Well-dried glues are much less hydrometric than 
badly made ones, or those fabricated from inferior ma- 
terials. The latter are liable to putrefaction. — Tom^ 
linsm. 

Applications.— The common, but important use of 
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glue m oaipentry, oabaiet-iiwikiDg, et cetera^ is well 
knowtu 

There was formerly a large eonsumption of it for 
the sizeing of paper ; but since this has been made 
without manual labor, it is almost wholly disused for 
this purpose. 

The hatter employs it in the preparation of his felt ; 
and the letterpress printer, in conjunction with molasses, 
as a flexible and cleanly covering for his inking rollers. 

At the beginping of this century, glue was introduced 
in Germany for making moulds for casting, but it was 
not employed in tliis country till the year 1826, when 
DouOLAS Fox used it for taking casts of anatomical 
preparations, calcareous concretions, vegetal substances, 
et celera^ He first mixed it with treacle, for the pur- 
pose of giving to it more elasticity, but this discolored 
all white surfaces, and the plan was abaridoi^cd. 

In 1844, FiiANCiir formed a series of casts in plaster 
composition, in imitation of ivory ; and, in 1 846, the 
Society of Arts in London awarded to him a prize. 
The naturo of the material was uiiknown at the time, 
but it was Bulxsequcntly shown to be pure gelatin. The 
inventor has since employed it for modelling very intri- 
cate and ingenious devices. 

Statistics — A very large amount of glue, manu- 
factured in Kngland, is undoubtedly passed oft' as 
Kussian; yet, nevertheless, a considerable quantity is 
imported. The returns of imports and exports, from 
the years 1850 to 1855, are subjoined. Tin. reader 
cannot fail to notici? the large decrease in the quantity 
imported during 1855, owing to the hostilities with 


lluHsia : — 

1850. 

1851. 

1852. 

1853. 

1854. 

1855, 


CwL 

Cwt, 

Cwt 

Cwt 

Cwl 

Cwt 

Imports, . . . 

. . . t30s5 

1323 

1625 

3359 

4905 

781 

Exports, . . . 

... — 

1 

— 

46 

19 

— 


The quantity of isinglass imported, principally from 
the dominions of the Tzar, during the years 1850-5, 
was as under : — 

luronrs. 

JR.50. 1851. 1852, 185:i. 1851. 1855. 

C'wt Cwt. Cwt Cwt Cwt Cwt 

200U 2387 2056 1730 1881 1567 

And the exports during the same period were : — 

1850. 1851. 1852. 1853. 1854. 185.5. 

Cwt. Cwt Cwt Cwt. Cwt 

78 145 117 252 72 205 

The imports and exports of gelatin for the years 1850 
to 1855 inclusive, were as under : — 



1850, 

1851. 

1852. 

18:)3. 

1854. 

1855. 


Cwt, 

Cwt 

Cwt 

Cwt 

Cwt 

Cwt. 

Imports,. . . 

... 449 

295 

271 

275 

269 

268 

Exports, . . . 

. . . — 

1 

2 

1 

— 

3 


The quantity imported is gradually lessening, owing, 
most probably, to the groat impfovements which have 
been eflected in the British manufacture during the last 
few years. 

GLASS. — Fcm, French; 6rZa«, German ; FuVruw, 
Latin. — The discovery of glass is, without contradiction, 
one of the most important services which accident or 
chemistry has rendered to civilization. Without speak- 
ing of the econominal uses of this compound, and con- 
eidering it only with reference to its ai)plication6 in tlie 


study of natural phenomena, it is impossible to doubt 
the singular influence it has exerted on the progress of 
scienoe. It is chiefly by its aid that astronomy has 
attained a perfection so wonderful ; by it also uaturalista 
have been enabled to study under the microscope a host 
of phenomena which heretofore escaped notice. But 
perhaps of still greater importance is the use which is 
made of it by chemists in their experiments. It re- 
quires no profound chemical knowledge to recognize 
the fact, that to glass is chiefly owing the present 
advanced state of the sciences, so fruitful in marvellous 
applications. Every one, says Liediq, is familiar 
with most of the properties of this curious substance ; 
its tninsparency, hardness, destitution of color, and 
stability under ordinary circumstances : to tliese obvious 
qualities one may add those which especially adaj)t it 
to the service of the chemist, namely, that it is unaffected 
by most acids or other fluids. At certain temperatures 
it becomes more ductile and plastic than ware, and 
may be made to assume in the flame of a common 
lamp the form of every vessel needed in the laboratory, 
and of every apj)aratii8 required by experimenters. 

The use of glass in our windows, remarks Tomlin- 
son, instead of the louvro boards of old, has introduced 
a degree of comtort into the meanest dwelling which 
previously did not ai)pcrtain to the costliest palace. 
By means of this contrivance the light is filtered from 
the wind, the rain, and the cold ; the one can he enjoyed 
without being inconvenienced by the other ; and one 
can, hi conjunction with the improved methods of 
wanning, create an in-door climate, adapted to the de- 
sires and feelings of the dwellers. The employment 
of glass in many domestic articles of furniture contri- 
butes to cleanliness and health, for the slightest soil on 
glasses or decanters is revealed by this most transpa- 
rent material, and the purity of the water and otlier 
liquids contained in them is physically tested by the 
Ban)e means. Even the mirror, adorning the rooms, 
reminds one of tlie necessary attention to personal 
ajq»earanco, which self-respect, as well as respect foi- 
society, demands. — Tomlimton. 

The great Hr. Johnson has appositely remarked, 
that it might contribulo to dis})oso one to a kinder 
regard for tlje labors of his fellow, if he were to con- 
sider from what unpromising beginnings the most use- 
ful productions of art have probably arisen. Who, 
wiicn he first saw the sand or ashes, by casual intense- 
nesB of heat, melted into a metalline form, rugged with 
excresconcos and clouded with impurities, would have 
imagined that in this shapeless lump lay concealed so 
rnaiiy conveniencics of life, ns would, in time, consti- 
tute a great part of the happiness of the world ? Yet, 
by B(jme such fortuitous liquefaction w^as mankind 
taught to procure a body, at once in a high degree 
solid and transparent, which might admit the light of 
the sun, and exclude the violence of the wind ; which 
might extend the sight of ihe philosopher to new ranges 
of existence, and charm him, at one time, with the 
unbounded extent of material creation, and at another 
witli the endless subordination of animal life ; and what 
is of yet more importance, might supply the decays of 
nature, and succour old age with subsidiary sight. 
Thus was the first artificer in glass employed, though 
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without his knowledge or expectation. He was facili- nated with the Israelites, who set lire to a forest, and 


tating and pi olonging the enjoyment of light, enlarging 
the avenues of science, and conferring tlic highest and 
most lasting pleasures ; he was enabling the student to 
coiitcm])late nature, and the beauty to behold herself. 

It is not a little remarkable that glass, which is 
applied so extensively and to so many purposes, and 
the varying properties of which exercise so marked an 
influence in its diflerent applications, has, notwith- 
fitanding, never been the subject of a series of decisive 
experiments, calculated to establish the theory of its 
fabrication. Not that this theory has not been nearly, 
if not wholly elucidated ; but tlmt it is scarcely to be 
looked for in the works published on glass. The greater 
part of these were written at a period when tlie j)art 
which silicic acid performed was not defined or under- 
stood ; and among the recent works on tlie subject, 
Knapp’s is the only one which discusses it iu a 
thoroughly scientific manner. 

Definition, — It is slated in the Encyclopedia Bri- 
tiinuioa, that the general term glass is employed by 
chemibts to denote all mineral substances w'hich, on the 
ap})licatiou of heat, pass through a molten state into 
hard and brittle masses, and which exhibit when broken, 
though nut always transparent, a lustrous fracture. 
The glass of commerce, however, to which the present 
article will be restricted, or the transparent and arti- 
ficial substance which is usually distinguished by this 
name, is produced by the igneous fusion of silicious 
earth with certain alkaline earths or salts, or with me- 
tallic oxides. 

The ctymuhtgy of the word has been much disputed. 
It is derived by some from the Latin glades^ ice, its 
resemblance to wliich is thought to have suggested llic 
I title, and glades may be a contraction for gelndes from 
fjelu, frost. Otlicrs have remarked, that the common 
Latin designation of this substance is mtrum ; and as 
the Bomans applied this term, in common with the 
word glastiim^ to the plant which is now called woad, 
tliey have deduced it from the latter of these, eitlicr 
In'Ciiusc the ashes of this jdarit were used in the mauu- 
f.icture of glass, or because it exliibited something of 
the bluish tinge w liiclx is procured from woad. Glassum^ 
the name given to amber by the ancient Gauls and 
Britons, has also been assigned as the origin of the 
word. But none of these etymons appears very satis- 
factory. The most plausible theory is that which de- 
rives the term from the Saxon verb gUs-niaUy or the 
German ghussen, which are {wobably contractions of 
the Anglo-Saxon gel-ixaUj to shiiie, to be bright. This 
view is in a great degree confirmed by the sense in 
wdiich the term glass and its derivatives are employed 
by our ©Idcr writers, who frequently apply it to shining 
or glittering substances, witliout refeicneo to color or 
Iran aparenoy . — Encydopeflia Britannica , 

Historical Notice. — In tlie most remote ages the 
ait of blowing glass into bottles, making it into vases, 
tinging it to imitate precious stones, melting it in huge 
masHes to make pillars, rolling and polishing it into 
mirrors, and sbiinirig it in parts, were all perfectly 
known. As stated by some authorities, Egypt, the 
parent of so many collateral arts, is to be look^ to 
as its source. According to others, its discovery origi- 


the heat becoming so intense as to make tiio nitrate 
of soda and sand melt and flow along the mountain 
side, they afterwards imitated artificially what had 
first been effected by accident If Puny is to be 
credited — an author, whose version of the subject has 
BO often been reproduced witli all the gravity of his- 
tory — the discovery of glass was made by some 
Phoenician soda merchants, who, having landed on 
the banks of the river Belus, served lliemselves with 
blocks of soda to support the vessel in which they pre- 
pared their food, and these masses moiling with the 
heat, transformed into glass the sand on which they 
rested. When one knows the temperature necessary 
for the making of glass, and has seen the interior 
of a glass furnace in operation, this story will be 
rejected as fabulous. Chance had doubtless its share 
in the invention of glass ; but there might have 
been found among the arts known to the ancients, 
plicnomena better fitted to awaken the attention of an 
observant spirit. The pottery manufacture and the 
extraction of metals require the enjployment of violent 
and sustained fire, which is sufficient to give rise to 
fuvsiblc silicates, more or less analogous to glass. I’hat 
an intelligent potter might liavc attemjded to reproduce 
at pleasure the vitreous tears wliich furmeef accidentally 
upon his products ; that by dint of repeated trials he 
might have been led to remark the influence of ashes 
on the clay, and that thus he might have succeeded 
in producing glass, is easily conceived. However 
this may be, the anecdote related by Pliny ought to 
be ranked wdth those idle tales or mere conjecturos by 
which the ancient commentators sometimes attempted 
to fill the gap created by the silence of liistory, and 
which were iifterwards transformed into articles of 
faith by some mistake of a cojiyist, by some blunder 
of a new commentator. It is a point, however, on 
which there can be no doubt, that glass was known to 
tlic Plicenicians, who for a long time retained the mono- 
j)uly of it, fiivored by the union of natron, sand, and 
fuel, in a country situated on the shores of the sea. 

There are sevc>al references to glass in the Bible. 
Ballantyne remarks that the Hebrews must have 
become acquainted with glara while in Egypt, and in 
consequence of tlieir proximity to tlie Phoenicians ; and 
it is now generally believed that these two nations had 
the merit of originating and establishing its manufac- 
ture. It is a remarkable circumstance that glass lenses 
have been found during the recent researches in the 
ruins of Nineveh. 'I'ho Athenian ambassadors, in order 
to give an idea of the magnificence displayed at the 
court of tlie great king of Persia, said that they drank 
in cups of glass and gold. Some writers affirm that the 
Egyptians, in some instances, scaled up tlieir dead in a 
coating of glass; and glass houses are said to Lave 
been not uncommon in tliat wonderful country. Some 
authors ascribe, witli very plausible reason, the discovery 
of glass-making to the piiosts of Vulcan at Thebes and 
Memphis, the greatest chemists in the ancient world. 
The Egyptians are also known to have made enamels 
of divers hues which they applied on I'ottery, magni- 
ficent specimens of which are still extant, and are called 
Eg>q)tittn porcelain. These are chiefly covered with a 
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beautiful blue or green tinge, and groups of dowers or 
otlicr designs are traced in black. Glass beads and 
other ornaments made oi that sul>8tanc6, skilfully manu- 
factured and beautifully tinged, have been found adorn- 
ing mummies, which are known to bo upwards of three 
thousand years old. It is certain that l^rc, Sidon, and 
Alexandria were long celebrated for their glass, and 
furnished tho greater proportion of that used at Home. 
Under tho Koinan empire the Eg 3 'ptiai»s still preserved 
llieir superiority in tlie art of glass-making, and it is 
said that AUJIKLIAN caused thorn to pay their tri):)ute 
in that manufacture. Adkian mentions tliat he had 
received dilnkiug-glasses of various shades from a priest 
of a famous tornplo in Egypt, and gives instructions 
that they are not to be used but on the greatest occa- 
sions, and on the most isolenin feast days. I’o these 
places the art was exclusively confined for some cen- 
turies, and glass was used as an article of luxury, bcirjg 
chietiy in the form of urns or drinking cups of Uie most 
rlul>orate workmanship, and exquisitely oinbellislied 
with raised, cliased, or ornamented figures. Tho Ikir- 
berini or Portland vase, comj)osod of a deep azure glass, 
with figures of a delicate white ojiaque substance raised 
in relief, is a splendid specimen, and was found in the 
tomb of Alexandku Skvkrijs. 

Sir J. G. Wilkinson adduces three distinct proofs 
that tlic art of glass-wofking was known in Egypt 
before the exodus of the children of Israel from that 
land, three thonsaiid live liundnvl years ago. At Px'id 
llussan and at Thebes are paintings repiesenling, in a 
very ruile form, glass-blowers at work ; and from the 
liierogly[)hicH accompanying tliem, it is found that they 
were executeii in the l oign of a monarcih who occu]>ied 
the throuo at about that period. It is certain, more- 
over, that at that time images of glazed pottery w’ere 
common, the vitritiod material of which is of the same 
rjiiality as glass; and, tlierol’ore, the mode of fusing, 
and the proper i)ro]K)rtions of the ingredii'iits for mak- 
ing glass, must liavo been already W(‘ll known. Lastly, 
Sir J. G. WiLKi:^ON adduces the instance of a glass 
bead about three -(piarters of an inch in diameter, wliieh 
Gaptain IIknby found at Tliebtis, and winch ciintains 
iu hieroglyphic character.s the name of a monarch who 
lived fifteen hundred years before CiiuiST. Tho know- 
ledge of the manufacture probably travelled from Egypt 
lo Greece, thence lo*ltome and modern Europe; and 
successive improvements have not only brought the art 
to a high degree of excellence, but liave led to its sub- 
division into several kinds, such as llint-glass, plate- 
{;h‘Ws, window-glass, and green or bottlc-glnss making. 
— Dodd, 

The art of glass-making seems to have been intro- 
duced into Italy by tlie 1 tomans after their conquests in 
Asia, in the time of Cjceuo, and the first glass-works 
there were said to have been near the Flaminian Circus. 
It is highly probable that the workmen were imported 
from Egypt. The use of glass seems to have rapidly 
extended, and to have become very common. One 
of the emperors in the third century of the Christian 
era says, that ho was disgusted with an article so mean 
and vulgar as glass, and tljat he would only drink 
from vessels of gold. By tliis iiine tho manufacture of 
glass was so considerable that an imjKist was laid on 
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it, and it was extensively employed in the decorations 
of buildings, la glass mosaics particularly were com- 
bined the most brilliant colors. 

From the circumstance of colored glass beads and 
amulets having been found among Uruidioal remains 
in this country, says B allant vne, it has been argued 
by Pennant and others, that the art of making 
glass was known in Britain before its invasion by the 
Homans. It can hardly be believed, however, that a 
people who had made very trifling advances in civili- 
zation, and who, it is known, w’ore entirely unacquainted 
with any other art, should be found not only conversant 
with the use of glass, a comj)licated and highly inge- 
nious process, but should excel in it ; for the beads and 
amulets spoken of are of exquisite workmanship, and 
beautifully colored in imitation of the rarest and most 
f)recious stories. There seems little doubt, therefore, 
that the ancient Britons procured these in their traffic 
with the Syrians, who visiUid this island, as tho modern 
Britons and other civilized nations visit the South Sea 
islands, to drive a trade with their savage inhabitants in 
toys and trinkets, giving these in exchange for skins or 
otIuM’ natural productions. B}' whatever means, how- 
ever, those ornamenLs came into Britain, it is cortaiu 
iliat they were in extensive use, though principally for 
Hijperslilious purposes, long prior to the Homan inva- 
sion, as they arc found in barrows or tumuli of a much 
older date. One at Stonelionge, in particular, on being 
o[>(‘Med, was found to bo filhal with lljcra. 

Glaiii Ncidyr, or diuidical glass rings, generally about 
lialf as wide as our linger rings, but much thicker, 
have frequently been found. Tho vulgar superstition 
regarding these was, that they were produced by snakes 
joining tlieir heads togeilier and hissing, when a kind 
of bubble like a ring was formed round tho head of 
one of Ihora, which the others, coutinuing to hiss, blow 
uj»on till it came oil’ at tho tail, when it immediately 
baldened into a glass ring. Success wjis thought to 
attend any one who was fortunate enough to find one 
of those snake stones. They wore evidently beads of 
glass en)]>Ioyed 1 ) 3 ^ llio Uruids, under the name of 
(‘barms, to deceive tlio vulgar. Thej^ arc usually of a 
green hue, but some of them arc blue, and others varie- 
gated with wavy streaks of Iduo, red, and while. 

Glass utensils have been found in Herculaneum, 
wliich city was destroyed by an crn])lion of Mount 
Vesuvius in the reign of Titus. A plate of glass also 
found there has oeeasioued much speculation as to its 
uses. Similar plah's, lo which Pliny gives the name 
of vitrecB camera^ seem to have been employed in a 
manner not now very well understood, as panelling for 
I heir rooms. It is certain that two panes of glass were 
found in a “window in Herculaneum. 

In the reign of Tibekius, a company of giass manu- 
facturers estiiblishcd themseWes in Home, and they 
liad a street assigned them near the Porta Capena. 
The articles of their manulacturc were few in number, 
and of inferior quality ; neitlier did they make rapid 
improvements in their art, not\sdlhslaii(ling the large 
pj-ices which were tlu’ii ^^veu for glass of foreign manu- 
lacturo in the imj)ori.il city. In the year 220, the}'^ 
had increased so much in importance, and the product 
was 80 considerable, that an impost was laid on it by 
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Alexander Sevekus. Dion Cassius and Petko- 

when sliced, very much resembles horn, instead of 

j 


Nius Arbiter concur in their account of the discovery 

which it is to tliis day often employed by lantern- 



of malleable or ductile glass by a celebrated Homan 

makers. The Romans were chiefly supfdicd with this 



architect, whose success in the restoration to its posi- 

article from the island of Cyprus, where it abounds. 


i 

1 

tion of a portico which leaned to one side, had roused 

So good a substitiito for glass is it said to have been, 


i 

the envy and jealousy of Tiberius, and occasioned 

that, besides being employed for the admission of light, 



his hanishment from Borne. Thinking that his dis- 

it was also used in the construction of hothouses, for 



covery would disarm the Fmperor’s wrath, the artist 

raising and protecting delicate plants; so that, by 


' 1 
i 

appeared before him hearing a glass vessel, which he 

using it, the Emperor Tiberius had cucumbers at his 


i 

dashed upon the ground. Notwithstanding the vio- 

table throughout the whole year. j 



lence of the blow, it was merely dimpled, as if it had 

There is no positive mention of tlie use of glass for ! 


' 1 been brass. Taking a hammer from his breast, lie 

windows before tbe time of Lactantius, at the close ; 

1 

1 ; then beat it out into its original shape ; but instead of 

of the third century. But tbe passage in that writer ' 

1 

1 ^^iving him the reward which he liad expected, the 

which records the fact, also shows that the lapis sfmu- j 

( i 

1 1 Krnperor ordered the iinforlunato artisaji to be be- 

laris still letained its place. Glass windows are dis- ! j | 

! i headed ; remarking, that if his discovery were known, 

tinctly mentioned by St. Jerome, as being in use hi . i | 

1 ; ' gold woubl soon be hold of as little value as common 

bis time. A century later, flic windows of the church ' | j 

1 

1 clay. This is probably anollior version of Ibe story 

of St. Soi’HTA at Constantinople arc represented, by ' j i 

( 

1 told by Puny, of an artificer who made tbt) same 

pAur.us SiLENTiAiiius, as being filled willi glass. ' ! i 

1 

i 

' discovery, and whose workshop was demolished by 

After this period, lioquont mention is made of them, | 

i 

1 

those who hail an interest in preventing the introduc- 

Joannes BiiiLirriNUs Htates lliat glass w^as fastened 

i 1 

1 

1 

tion of an article which wxmld lower the value of gold, 

into the windows with idaster. ! 

1 


silver, and brass. Altlioiigh it might not be justifiable 

Bi:i)E assorts tliat glass windows were first intro- 1 

1 

i 

) 

to give unipialified discredit to these tales, yet tbe 

ducod into England in the year 074, by tbo Abbot | 

I 


knowledge at present possessed w'ould restrict tlio ])0.s- 

Bi:Nf:r)icT, wlio brought over artifii'cis skilled in the j 

i 

1 

! sibility' of such a discovery within the narrowest limits. 

art of making window-glass, to glaze the church and ' 



; The union of the proi)crties of malleability and vitri- 

monastery of WoarmoiitJi. Other authorities attrihiito 


! flcation Booms to be incompatible. Some metallic 

the introduction of this luxury to Bishop Wilfred, 

i 

1 substances, by tlie application of intense heat, are re- 

junior, who died in 711. It would thus ajipear, that I 


1 ducod to the state of glass, but at the same time lose 

glass windows were first seen in JCngland eitiicr about ' 

i 

their mallciilnlity ; w’hieh fact would seem to imply 

the seventh or the hegiiming of the ciglith century. { 


; that it is impossible to cumimmicato the laiter propeily 

The use of window-glass, however, was then, and tor 


' to glass. The extraordinary stories above-mentioned 

many eenturics afterwards, confined entirely to build- ; 


1 have, however, been rationally enough cx})laiued by 

ings ajipropi’iated to ndigious pm poses; but, in tbo 


^ modern chemists. It has been observed by Kunc'ki:l, 

fourteenth century, it was so much in di^inand, though 


j that a composition luiving a glassy appearance, and 

still confined to saere.d edifices and ornuniental pur- ' , 


j sufficiently pliant to be wrought by the liamnicr, may 

poses, that glazing had hccoine a logular trade. This i 


i be formed; and ]>y Neumann, that, in the fusion of 

ajipears from a contract entered into by Ihci authorities 


! chloride of silviu*, a kind of glass results, W'hicli may he 

of Y"ork Cathedral in 1 J38, with a glazier, to glaze the 

I j 


! shaped or henlen into diflerent figtnes, and may be 

west Mdndows of that structure ; a pigee of woik which 

i I 


' pronounced in some degree ductile. Bi.anuourt 

he undertook to jierform at tlie rate of sixpence per 

: 

i 1 ! mentions an artist who presented a bust of ductile 

foot for white glass, and one shilling per foot for colored. 

1 

i i , glass to the Cardinal 11ic;iielii:u ; hut he docs not 

Glass windows, however, did not become common in I 


; seem to have heon more fortunate than his predccos- 

England till the close of the twelfth century. Until i 


; ; 1 sors; for he was doomed to iiiij)risonment for life, for 

this period they were rarely to be found in private ! 


; 1 /4c politic reason^ as Beancoukt with mueli simpli- 

houses, and wei c deemed a great luxury, and a token 



city observes, which led the Cardinal to fear lest the 

of grc.at inagnilieenee. The windows of the liouses j 


I 

' established interests of French glass manufacturers 

wane, till then, filled with oiled paper or wooden lat- j 


; ' ' might be injured by the discovery. From expressions 

tices. In cathedrals, these, and sheets of linen, sup- j 


! i 1 used by Blanoouut in other parts of his w'oik, it is 

plied the jJace of glass till the eighth century; in 


1 thought that by malleable glass, such as was produced 

menncT edifices, lattices continued in use till tho 


j ' by this artist, be undiTstood S(;rnc composition eimilar 

eighteenth. 


j 1 ; to those which Kunckel and Neumann discovered, 

The glass of the Venetians was superior to any 


i ' and was not very exact in limiting the terra to that 

made elsewhere, and for many years commanded tlio 


1 vitreous substance wbitdi is now generally undersloo<l 

market of nearly all Europe, Their most extensivo 


1 when glass is mentioned. 

glass-works were cstahlished at Miirano, a small vil- 


i The precise period at which the making (jf window- 

lago ill the vicinity of Venice ; but the produce was 


i glass was introduced, is not now certiinly known. 

always recognized as Venetian glass. Baron von 


I Uo?uan windows were filled with a Bcmi-transparent 

LowiiEN states that, so useful were the glass-makers , 


j substance called lapis sprculc^is, a fossil of the class 

at one period in Venice, and so great the revenue 



of talcs, whieli readily splits inttj thin smooth lamina*.. 

accruing to the republic from their manufacture, that, 



or plates. This substance is found in masses of ten or 

to encourage the men engaged in it to remain in 



twelve inches in breadth, and three in thickness ; and, 

L- - .... 

Mu ran 0 , the senate made them all burgesses of Venice, 

1 
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and allowed the nobility to marry their daughters; 
wliereas, if a nobleman married tlio daughter of any 
other tradesman, the issue \v«.tc not reputed noble. 
The skill of the Venetians in glass-making was 
especially remarkable in the c.xcellcuce of their mirrors. 
Beckmann, who has minutely investigated the subject, 
is of opinion that the manufaclure of glass mirrois 
certainly was attempted, but not with eoinploto suc- 
cess, in Sidon, at a very early period; hut that they 
fell into disuse, and were almost forgotten until the 
thirteenth century. Previously to this period, plates 
of polished metal were used at the toilette ; and in the 
rudeness of the first ideas whicli suggested tlio substi- 
tution of glass, the plates were made of a deep black 
color to imitate them. Black foil even was laid behind 
them to increase their opacity. The metal mirrors, 
liowevcr, remained in use long after the introduction 
of their fragile rivals ; but at length they wholly dis- 
ai)pcarcd — a result cfiei'ted chielly by the skill of the 
Venetians, who improved their manufacture to such a 
i degree, that tlioy speedily ac<iuired a celebrity wbicli se- 
I cured ail immense sale for them tbroiigliout all luirota;. 
From Italy the art of p lass-making fouml its way 
I I into France, where an attempt was made to rival the 

, Venetians in the maniifacture of mirrors. 'J'lie first 

I essay was unsuecessfiil ; but another, made under tlie 

‘ patronago of the (‘clohratcd Folueut, in which French 

I i workmen who had aequiriMl a knowledge of the art at 

Murano were employed, had belter fortune But a 
I j , few years afterwards, this establishment, M’liich was 

! i , situated in the village of Touila\ille, near Cherbourg, 

i 1 ill Lower Normandy, was also threatened with ruin by 

i ! a discovery or rather improvement in the art of glass- 

‘ ' making, etlected by one AnitAiiAM Thevaiit. This 

j I . improvement consisb*d in casting plates of much laigcr 

diuicnsions lliiui it had hitherto been deemed possible 
I to do. Tiii'.vaut\s first [ilates wore cast at Paris, and 

1 ! astonished esery artist by their magnitude. They 

; i were eighty-four inches long and fifty inches wide, 

i j : whereas none previously made exceeded forty-five or 

! filty inches in length. • 

J I 111 the two companies, Thevaut’s and that at 
j 'ronrlavillc, niiitt'd theii interest, hnt were so uiisnc- 

I 1 cessfiil, that in 1701 iliey were unable to their 

; ' debts, and wm’o, in eoiiso<]ucnc(;, conqadlcd to clis- 

eliargo most of tlic^'orkmcii, and abandon several of 
I their furnaces. Next year, however, a company was 
lonned, iiiidor the management of Antuine u’Agin- 
' couu'i’, who re-eiigag(Ml the discharged workmen; and 
i tliO works realized considerable jirolits to the proprie- 
tors — ^a circumstance which is attributed wholly to the 
prudent nianagc'rncnt of D’A(;incouut. 

Early in the fourteenth century, the French govern- 
ment made a concession in favor of glass-making, by 
/loeroeing, that not only slioiild no derogation from 
i nobility follow the practice of the art, but that none, 
save gentlemen or the sons of noblemen, should vciitnre 
to engage in any of its braru-bes, even as working 
artisans. This limitation was accomiianied by a grant 
I of a royal charter ot ineoriioration, convening impor- 
1 tant privileges, under which the occupation became 

j I eventually a source of great wealth to several finnilies 
j I j of distinction. 



It has been said that tho manufacturing of window- I 
glass was first introduced into England in tho year j | 
1567. But a contract quoted by Horace \Vali*ole | 
proves that this article was made in England upwards 
of a century before that period. This curious document 
is dated 1439, and bears to bo a contract between tho 
Countess of Warwick and John Puudde of West- 
minster, glazier, whom she employed, with other 
tradesmen, to erect and embellish a magnificent tomb 
for the Earl, her husband. John Prudde is thereby 
bound to use no glass of England, but glass from 
beyond seas ; a stipulation which, besides showing that ! 
the art of making window-glass was known and prac- | j 
tised in England in the fifteenth century, seems also to i 
indicate tliat the article made was inferior to what ' j 
could be obtained from abroad. The finest sort of j 
window-glass was first made at Clutched Friars, Lon- i 
don, in 1557. The first Hint-glass made in England 
was manufactured at the Savoy House, in the Strand ; 
and the first jdalc-glass, for looking-glasses, coach win- 
dows, and simtlar puq)oscs, was manufinitured at Lam- j 
beth l)y Venetian workmen, brought over iu 1G70 by the | 
Hftke of JlucKiNcaiAM. From that period the English | j 
glass mamifaclorics, aided by the liberal bounties granted | j j 
them ill cash upon glass sold for oxj^ort, became power- j | j 
fill and succossful liwils of the Venetian and French j i ! 
manufactories. 'I’lie bounty on glass c.xported, which j j j 
(he go\ernmcnt paid to tlie manufacturer, was not |l j 
derived from any lax by iinj^ost or excise previously j i I 
laid ; for all such were returned to Ibc manufacturer, 1 1 i 
together with the bounty, thereby lessening Hie actual ■ i ] 
cost of the article from twenty-five to fifty per cent., i i 
and enabling the English exporter to eompeto succc^s- - ' 
(idly in foreign maikets. This bounty provision was , i 
annulled during the premiership of Sir ItoUEUT PEEii, ! 
together with all the excise duty on home coiisiimptiori, | j 

The art of glass-making was mtrodueiKl into Scot- ' 1 

land in the reign c»f .Iames VJ. An exclusive right to j ^ . 

Tihiiinfacture it witliiii the king«lom, foi tlic Sjiacc of : , 

thirty-one yeans, was gianted to Lord (lEoiujE Hay in > | 
tlic yoai JG18. TJn\s riglit his lordship transfeired in i; | 
l(;:i7, for a <‘or»sidcral)le sum, to Thomas Koiiinson, ;; ' 

merchant-tailor in London, who again disposed of it for ; ! | 

two hundred and fifty pounds to Sir Eouert Mansell, j j i 

vice-admiral of England. The first manufactory of | ■ 1 

glass in Scotland, an extremely rude one, was established ' i j 

at \Vem}'Ss, in Fife. Kegidar ^vorks were afterwards . | i 
commenced at I’restoupans, Leith, and Dumbarton. ' j 
Cl ow'ii-glass is now manufiictiired at AVarrington, St. 

Helen’s, Ecclcston, Old Swan, and Kewton, lamca- ! 
shire ; at Birmingham, Hnnslet, near Leeds, and Bristol. | 

It. is also fabricated of excellent quality on the Tyne and ’ 
Wear, Gieat improvements have recently been made i 
in the manufacture of orov n-glasa, and it is asserted | 
that tliis article, us made in England, is superior in | 
epialily to that of any other nation. i 

According to Ball.an tyne, the manufacture of glass ’ 
was introduced into the American States in 1790, by j 
l{,()i’*ERT TTt:wes, a citizen of Boston, who erected a i ! 
factory in the tlimi forest of New Hampshire, The I 
chief aim of Mr. Hfwes was to supply window-glass, | 
but be did not succeed. Another attempt was made in | 

1800, when a factory was built at* Boston for making j ; 
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; i crown window-glass; l>ut tliis was also iinRUCccKsfnl, till 
i j a German named Lint, in 1803, took charge of the 
! 1 works, and tlie btatc of Massachusetts agreed to pay the 

i I proprietors a bounty on every table of window-glass 
1 they made, after which the manufacture was earned on 
‘ successfully, the glass steadil}’ im[)roving in quality, and 
becoming famed tlirough all the Statesas Boston wiudow- 
I glass. The same company erected new and more 
■ extensive works at Boston, The mystery attached to 
j the art of glass-making followed it into America. The 
j glass-blower was considered a magician, and myriads 
! i visited the ncwly-erected works, looking on the man 
I ! who could transmute earthy and opacpie mailer into a 
! I transparent and brilliant substance, as an alchemist who 
I I could change base metal into gold. 

' Since the manufacture of flint-glass oiiglnatod in the 

' Eastern States, there have been above forty companies 

1 I formed from time to time, nearly thirty of which have 
I proved failures. There are now ten in operation, two 
I of which are at East Camhridge, three at South Bi)ston, 

I one at Sandwich, three ne<\r >Jew York city, and one at 
I Bhilade][>hia. Forty-eight thousand tons of co.d, six 
I tliousand five hundred tons of silica, two thousand five 
i j hundred tons ash, nitrate of soda, c.L cetera^ and three 
i j thousand eiglit hundred tons of lead, are annually eon- 
I j j sunied in the manufacture of fiint-glass. 

I ' Jn the vicinity of Fitlshurgh, in the Wcblern States, 
are nine manufactoi ies of ilint-glass, aud ten of wiiidow- 
! glass, and in the river towns arc fifteen window-glass 
' iaetoiics. 

, There is good reason for biqjposing that the ait of 
; staining or painting glass is coeval with the, art of 
; making glass itself, since, as will he afterwards seiai, it 
, j is dilVicnlt to make it without color. The possibility 
I I of subjecting this propensity to the will of the mami- 
! faetiirer must have very t>bviously piesented itsell, 

; , although it certainly requires much art anil ehemieal 
knowledge to produce perfect specimens of this deseiip- 
i tion of manufacture. This pcrfect’on seems, however, 
to have heon attained at a very early porioil. It is 
j ; certain that the art was known in b^gypt throe thousand 

I years ago. The heautiful imitat ions of precious btone.<- 

! found adorning mummies wln’eh are known 1o have 
existed for tliat lime have been already noticed; and 
frequent mention of specimens of Eastern workmanslii}) 

; of consummate beauty are met with, upon which great 
i value was placed. Allusion has also been made to the 
fact, that the Emperor Ai>kian, whilst at Al(3xandria, 

, was })reseritod, by an Egyptian prii^st, witli two glass 
1 , cups, winch sparkled witli hui'S of every kind, and 
1 which had bi'cn ust*d in the servii^e of the temple -a 
I present so highly prized by^ the Emperor, that ho ordered 
j j them to be produced only on festivals and great 
' I solemnities. The works of Gaylls and Winkllmann 
, j i furnish some sti iking instances of ancient skill in the 
i 1 1 formation of pictures by means of (b^lieate glass fibres 
I 1 1 of various hues, which, after being fitted togctlicr with 
I the utmost nicety, were conglutinated by fusion into a 
I solid mass. The art of combining the various tints, so 
! as to produce pictures in the manner now practised, is 
; comparatively of recent date. The earliest specimens 
j ' of this kind of work discover a factitious joining of 
i different pieces of glass, differently tinged, and so ai- 


rauged as, by a species of mosaic work, to produce the 
figure or figures wanted. The various pieces are held 
together generall}' by a vein of lead, run upon the back 
of the picture, precisely at their junction. 

But modem ingenuity has Buperseded this clumsy 
expedient; and e ve ry color used in paiuting cau now 
be introduced into one entire sheet. For a long period 
the pictured glass used in cathedrals was merely painted 
on the surface, the art of incori)orating the tints with 
the glass by fusion, the melljud now practised, being 
unknown till the beginning of the fifteenth century. 

This great improvement is ascribed to a painter of 
Marseilles, who went to Homo during the pontificate 
of Julius II. ; but his discovery weutiio lurther than ! | 

the ])rodueing of different colors on different pieces of i j j 

glass, and Inning them afterwaids united in the old j 
fashion. This art was, at a later iieriod, greatly im- , | ' 

proved l)y Auieut 1)ukek and Lucas of Leyden, the ! ' i 

latter of whom brought it nearly to the state of perfee- ; ' i 

tion in whicli it now exists. , 

The fiibt painted glass executed in England was in j ' ^ 

the time of King John ; previous to this, all stained or | , 

painted glass was im})orte(l from Italy. The next | | , 

notice of it occurs in the rcugn of TIkMv’Y III, 1’he ' 

treasurer of that monarch oiileis that there be paintcil, 
on Ihreo glass windows in the chajiol of Bt. John, a ; i ! 

lillle Virgin Mary holding the Child, and the Trinity, i j ! 

and Saint John the Apostle. Some time after he issues 1 , | 

anulher mandate for two painted windows in the hall. j | 
Even at this early ])ci'iod, however, England boasted ’ i 

of eminent native artists in glass ])ainting, amongst th<i ! j 

first of whom was John Thdknton, glazier of Coventry. | ; 

This person was ein]»loyed, in the time of Hunky IV., , i 

by the dean and cha])ter of York cathedral, to paint ! i 

the eastern window of lliat splendid eihtice ; and for ; i 

the bi'auliful and masterly woikmanship which ho j! j 

exhibited in this s[)ecirnen of skill, ho received four ! ' | 

shillirjgs per week of regular wages. He was hound to i | 

finish the vvoik in less than three years, and to receive, i ' i 

over and above the weekly {illowanee, one hundred I , ' 

sliiJIings for eaeh ycsi ; amkif 11)0 work was finished to 1 1 | 

the satisfaetion of liis enqdoyers, he was to receive, on | i 
its coni])letiun, a fiirthoi sum of ten pounds. It must j ; 

ho rc(‘oIjeel<'d that the value of money was at that | i 

time mneh higher tlian in modern days. j j 

From this period dowm wards thopo have been many 1 ! 

skilful native artists, although the Beformation greatly i 

impeded the progn-ss of the art, by banishing W’hat was 
thicmed the ungodly ostentation of ornamented win- 1 

dows from chiireheb; indeed, so serious was this inter- i j 
ru])lion, that the art had nearly altogether disappeared | 
in the reign of Ei.iZAJiKTii. Amongst the most eminent | j 

glass paint(*rs who first appeai’od upon the revival of the ; | 

art, were Isaac Olivku, horn in 1G16, and William | 

PiacE, who lived about the close of the seventeenth I | 
century. This last person was for many years the only ^ ! 
glass painter in England. He is said to liave discovered, j | 
what is to this day a desideratum in the art of glass j 

staining, the secret of producing a rich, clear, bright, ' 

and transparent rod, tlui most difiicult to strike, and 
the most expensive of all the hues employed in glass 
painting. But Bkiuk having died B(»on after making 
this (lisf^overy, his secret was never divulged. This ! 
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artist was succeeded by a person at Birmingham, who, 
in 1757 , fitted up a window for Lord Lyttleton, in 
the church of Ilajely. To him succeeded one Peckit 
of 'York, who attained considorahle eminence in the art. 

Dunng all this time, however^ and indeed until a 
comparatively recent date, painted glass was regarded 
as too costly and too magnificent an article to be other- 
wise employed than in decorating religious edifices, or 
the palaces of nobles ; and even in the latter case was but 
sparingly used. Modern improvement has now placed 
this beautiful ornament within the reach of very ordinary 
circumstances; and when tliis is considered, it must 
excite a strong fooling of surprise to find how little so 
elegant a luxury is even yet in demand. The art of 
staining glass is now practised with very great snocess. 
The colors of modern artists, notwithstanding what is 
often urged to the contrary, equal in variety and richness 
those of the ancients; and, with the superior knowlodge 
I which is now possessed of the principles of drawing, and 

I i of bringing several colors together on a single shed, 
j , eucourugemciit alone is wanting to attract artists of 

I I talent and inventive geiiius to the pursuit of the art, 

j 1 1 and to carry it to a greater dcgieo of excellence than it 

j 1 1 has ever renched in th(j lumds of their predecessors.— 

1 1 Eincydapcdhi liriidunica, 

i i NaTUUE and COMI’DSITIDN OF Glass. — Tho le- 
! 1 searches of Bkkzeijus having removed nil doubts 

j j j concerning tho acid character of silica, the general 

j j 1 composition of glass now ])reserits no difiiculty of cori- 

I ' I ception. This substance is the ])roduct of fusion at a 

I I ; high teiuperaturo of silica, or silicic acid, sometimes of 
j : i buracic acid, with dificrciit s.-ilitiable bast‘s, as potassa, 

1 1 soda, lime, magne.sia, baryta, oxide of lead,* oxide oi 
I ! tin, protoxide of iron, protoxide of manganese, alumina, 

! ; and the sesquioxido of iron, andbinoxidc of maiigaiiese ; 

I i tlie product solidifies after fusion in the form of a Iraris- 
j parent mass, which is either colorless or not, according 
I to tho ingredients which it contains; it combines a 
i great degree of hardness with the property of resisting 
i tlic destructive action of air, Tvatcr to a certain extent, 
and even that of the more poAvc'iful ciiemical agc'uts. 

It is wroll known that silica acts the pait of a pow'crful 
1 acid at the temperature of a red hojit, and is capable of 
expelling carbi'iiic acid, hydmcliloric acid,c^c^Ym^ from 
compounds, and combining vvith the bases named above, 
giving rise to solid combinations. Glass, ifj slioit, 
is a true salt — a silicate, and is an artificial production 
of a similar character to those com[)Ouncls which occur 
80 abundantly in nature; it dillcrs, how^ever, from these 
in one essc'iitial particular, that it possesses a distinctly 
lum-crystullino structure; or is, as it is scientifically 
termed, amorphous. Glass, as is well observcMl by 
I Knapp, may bo said to bear the same relation to a 

! natural silicate of like cornpositiou, that melted sugar 

j does to the ordinary crystallized substanec. 

! Special Effect of the Different Const it ucfuts. — Al- 

I though^ in a purely chemical view, the potassa, soda, 

I lirao, oxide of lead, aluniina, and oxide of iron, perform 
tlic same part, it is, nevertheless, very evident that, in 
practice, the employment of one of Ihcvsc bodies cannot 
bo substituted indifferently for that of one or othei of 
its analogues. There nocossaiilv results in the product 
difibroncoB of fiisibiliiy, of ductility, of hardness, et cetera^ 


which must be taken into consideration. Hence the ! 
necessity of classing glasses according to their compo- | 
sition and properties. This classification will be given ' 
afterwards. In the meantime, the characteristic effect 
of the diflerent constituents on the nature of the glass 
may be briefly stated : — 

The silicaica of soda and potassa are the most fusi- 
ble, and so much the more in proportion to the greater 
amount of tho alkaline bases. One part of silica 
with two to three of potassa or soda, produces a glass 
vrhich is fusible at a chcrry-red heat, and soluble in 
cold water. Equal parts of alkali and silicic acid — 
silica — form a glass readily fusible, but imperfectly 
soluble. One equivalent of soda or pobissa combined 
with six equivalents of silicic acid, and therefore repre- 
sented by the formula, 

Na 0 or K 0 -I- 6 Si 0^ 

yield a compound fu&iblo only by the heat of a very 
powerful forge. Potassa is more efficacious than soda | 
in rendering the glass easy of fusion. A more brilliant j 
lustre results from the use of soda, but at the saino | 
time a bluish-green tint is communicated to the glass. 

No coloring action is exerted by potassa ; but tho bril- 
liancy of (1)0 glass is somewhat iliminished by it. 

I’lic silicates of lime are much less fusible than 
those of the alkalies. Tho most fusible of the former, 
represented by the formula Ca 0 -J- Si Og, requires for 
its fusion the violent heat of a forge. The others, 
rcq^’cscntcd by 

3 Cft 0 Si O 3 , or 4 Ca 0 -|- Sig 0, 

are only Boftened at llie same temperature ; the corre- j 
spending silicates of magnesia are not more fusible. 1 
Lime increases the hardness of tlie glass, and adds 
more to its lustre than the alkalies, without coloring | 
tho produce. | 

The siUciiies of alumina ai*e still more refractory i 
than tho preceding. The least infusible, represented ' 
by Alg O3, 3 SI O3, is scarcely softened in the lieai of a ! 
furnace. Of all the ingredients, alumina exerts the 
most ]ioworrul cflbct in increasing tho difiiculty of 
fusion. 

Tho sillcotcs oj the protoxith s of Iron and moTiganest 1 
are more fusible than those of lime and magnesia, 
especially when they consist of one equivalent of each 
ingredient, thus — 

IMu 0 , Si O3, or Fe 0 , Si O3. 

The silicate of protoxide of iron has a dark-green color, 
hut m.ay be decolored by briiigiiig it to tho state of a 
silicate of the sesquioxido ; this is effected by adffing a ] 
small quantity of binoxido of manganese. Caro must 1 
be taken not to add it in excess, for in this case it 
would communicate a violet color to the glass. The 
binoxide, Ahi 0^, when added in small quantity, is 
converted into protoxide. Mu 0 ; hut if any excess has 
been employed, it becomes reduced at a red heat to 
sesquioxido, Mn^ Og, and produces a deep amethystine j 
red glass. j 

The silicates of the oxides of lead aro the more | 
fusible in proportion to the greater amount of the base. 

; With equal equivalents, the silicate of lead, Pb 0 j 
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Si Oj, melts at a red heat. In fact, oxide of lead 
exerts a directly opposite action to alumina, being a 
prominent ingredient in the easily fusible varieties of 
glass, which are also characterized by great softness, 
a high brilliancy, perfect absence of color, and by tlie 
properly of refracting light more powerfully than any 
other kind. The silicates of the oxide of zinc present 
analogous properties. 

Baryta also exerts a similar, although less energetic 
action than load. 

These different silicates react on one another, and 
reciprocally modify each other ; in composition, they 
become more stable, less fusible, and less subject to 
crystallize. Hence the advantage of the comi)lex pro- 
poriioiia employed in the glass and (’n^stal manufac- 
tories. 

When horaclc. acid is added, it fornjs ]>oro-siIicales, 
often more fusible, more ductile, easier to work, and 
producing less waste, especially in table-ware and 
plate-glass manufacture. M. Payen remarks that the 
experiments undertaken by MM. Maes and Ceeman- 
DOT on crystal, with a base of oxide of zinc, yielded 
products remarkable for their whiteness, their Iraiispa- 
leucy, their hardness, and the brilliant relleetion of 
I their cut laces. 

In the W’ords of Knai*J’, it follows, as a general con- 
I elusion, from what has been stated, that those varitdies 
of glass which possess the highest degree of lustre and 
power of refraction, will also be the softest — that is, the 
most easily scratched. Tliey are likewise those whieli 
exhibit the highest specific gravity — from to 3’G 

— and, as might be deduced froui that circumstanet!, 
they — at least as far as the coloiless glasses are ron- 
ceriiod — are those wliieh contain bases with a very high 
I atomic weight — oxide of lead, baryta. Tliose bases, on 
the contrary, which render the glass hard and durable, 
appear to produce little lustre or power of refraction. 
The specific giavity of these varieties lies between 
2*37 and 2'5G. Strictly s])oaking, the alkalies, lime, 
and oxide of lead, arc the only bases exi)reshly t;oiH 
tiiiiied in the mixture for the mamiractiire of glass, 
without reference to the dillerent coloring and decolor- 
ing matters. Magnesia sometimes acc()mi)anies the 
lime, and enters, but in small quantity only, into lli(i 
composition of the glass. Alumina and oxide of iron 
are, in like manner, only casual constituents, being con- 
tained as impurities in the oUut ingredients. Kven in 
those cases where these two base's enter in laig<} 
(juantitics into the composition of glass, they are iitivcr 

o.xpressly added to tlie mixture; but arc always derived 
i from the impure materials. Thus, in the maiiufaetiire 
I of ordinary bottle-glass, where color is of no moment, 

I i substances containing iron ami alumina arc crnployt^d. 

' 1 The origin of tlio small quantity of alumina which is 
! ; found in glass that should properly bo free from it, 

i I must bo traced to the side.a of tho pots or crucibles in 

which the glass has been fused. — Knapp. 

Tho metallic oxides which have not been mentioned, 
as those of gold, silver, co]>per, give rise to a great 
Variety of intonte colors, and are consequently used in 
the manufacture of pigments. 

Commercial varieties of Glass. — Before proceeding 
to more minute inquiry into the physical and chemi- 


cal properties of glass, os these are afiected Ijy differ- 
ences cither in the ingredients or their properties, or in 
the processes followed, it will be proper to place before 
the reader a summary view of the characters and com- 
position of the different varieties of glass, as preliminary 
to a more detailed exposition, not only of the special | 
properties, but also of the special manufacture of each i 
of these varhd.ies, I 

There is much diflieiilty in dividing the glasses ac- ^ 
cording to any derinite principle. One of the simplest ' 
arrangements h given by Tomi.inson, as follows : — I 

1. Silicate of potassa and oxide of lead. Examples : j 

— Flint-ylasSj crystal^ and slrnss, | j 

2. Silicate of soda and lime ; or silicate of potassa, , | 

soda, and lime. Examples : — Common window^ Kng- | i 
lUh croton^ and plate, | ! 

3. Silicate of potassa ami lime. Examples : — Foreign 'j 

croum^ refractory Bohemian gUtsa. I i 

4. Silicate of soda, lime, alumina, and oxide of iron. ! j ! 

Example ; — Coarse grem trine -bottle glma, I ! | 

The following arningement, somewhat similar to that ■ | 

proposed by Knapi*, will form the basis of that adopted ; 
in the present article, beginning, as a general rule, with : | 

tlic coarser, and advancing by a pntlty regular grada- I j 
tioii to the liner or rarer vaiictios. / j 

1 . 1 iOTTJ.i EA s.s, or what is more properly described | j j 

by the ticrmim teim JTohlghw, or Jlollow glass^ com- j | 
j)i‘ise8 all glass worked into the form of vcs.sels or tubes, ; j | 
According to the purity of the mctal^ which is the ' i 1 
technical term given to glass in the fused static, tliis ' ' ! 

variety is subdivided into dineront qualities, such us ! i | 
— Ordinary holllc-ylass^ consisting of silica, potassa ; | 
or soda, lime, alunnua, and oxide of iron ; glass uml > . i 
for medicinal hutllrs^ consisting of silica, soda, lime, | 
some alumina, ami a very little protoxide of iron ; i | 
white bottle-glass for bottles or jihi.tls, tiimhlcrs, tubes , j | 
— containing silica, soda or potassa, and lime. It is j | 
evident, therefore, that umb r the general term Bottle- \ ! 

glass or Jlohl-glass, are imduded different vitreous , | 
eonqiositions. Its distinguishing characteristii', as ap- i 
plied to ordinary bottle-glass, is the presence of protoxide 

of iron ; and tberefore it may be described, in general i 
terms, as a silicate of potassa or soda, of lime, of alu- j 
mimi, and oxide of iron. \ | 

2. Win now-G LASS, including English crtrwn and | 

cylindn' or sheet -glass : this is a silicate of potassa or | j 

soda, lime, and alumina, I j 

3. Plate-Glass, oonifiosed of silitia, soda, or po- ! 

tassa, lime, and a little ahimina. This variety only ! 
ditlers fjom llie preceding by tho greater purity and I 
freedom fiorn ci^lor of the materials, i | 

4. Fltnt-Glass, used for grinding, et cetera^ com- j j 

posed of silica, potassa, and oxide of lead. j 

5. Crystal, for optical juirposcs and table-ware, ' 
consists of silica or bonicic acid, potassa, and more lead ^ 

I hail the preceding. In short, it is a simple flint-glass, i 
formed with very pure materials. I 

G. Strass, or the substance composing tho imitation | 
of lU'cciouH stones, known as paste, consists of silica, | 
[intassa, with a still larger amount of oxide of lead, and { 
colored by various materials. 

7. Enamel, a silicate and stannate or antimoiiiate of 
potassa or soda, and of oxide of lead. It may be other- 
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I wise described as compoao^i^f silica, soda or polassa, 
I and oxTde of lead,— rendered opaque by oxide of tin or 
antimony. 

8. Soluble Glass, which is a simple silicate of 
potassa or of soda, or a raixtiire of these two silicates. 
The manufacture, the distinjrni piling properties, and 
the special applications of these dilfcrent kinds of glass, 
. will be described afterwards. BtraBa and enamel have 
been already treated under tlie latter head, and will, 
therefore, bo only briefly alluded to in the present 
article. The solMe glass, which is used only for special 
purposes, such us a protective varnish for pictures, a 
1 1 iirepiroof coaling fljr building- materials, el cetera, is 
! I searcely entitled to be ranked as a true glass ; but its 
I ; character arnl applications will be stated in a future page. 

! Tn Ibo inoantinie, tlio following tables, which are given 
by Knapp, with mdes by Kjcuaudson and Konalos, 
i will be found useful for rcfeienee, as showing the pro- 
portional composition of the more iinf)ortant gl.issos 
I i according to difleront analysis of high authority : — 


BOTTLK-or.A<0. 


Variety of Cilat»i<i. 


j AT.IllvhtH 





1 niiiiiij<i 



Roila, 

T’otiissa, 

Lmif, 

1. 

OU'O 

•:m 

3*1 

2J-3 

2. 

bo*4 

3*2 

3*2 

20-7 

.3. 

r>iH) 

.3 2 
18 0 

1 ‘^* 

r)3*5r> 

' rviH 
2;e22 

1 

j 45*0 

1 r,*i 
28*1 

Magnesia, 



i i)*i; 

7 0 





Baryta, 

Oxfdt} of TTiangniiLSi',.. . . 

1*2 

0*1) 

O;! 

— 

— 

Alnininii 

8 0 
4*0 

Id \ 
3*8 

(;*8 

4*4 

(1 01 
:>*7i 

14-0 

0*2 

Oxitla of manganese, ... 






lli'lation belwcen the’' 
o.vvgeu fd the acid, 
and the total amount 
of oxygen contained 
in tlie bases, ^ 


j 

r, : 2 

? 

! 

7 : .3 

2:1 

i 

1 : 

llelalion between tlu'' 
oxygen in tlie bat-es 
with one equivalent 
of that element, and 
that contained in the 
bases with three equi- 
valents of oxygen,. . ^ 


4 : 3 

1 

2 ; 1 

1 

1 

j 

1 2 : 1 j 

\ 

1 : 1 


No. 1 — Glass from Sonvit'ny. No. 2— From SI,. Klicnno. 
No. 3 — From Kpiiiac. No. 4 — From Sevrry, noarl’aiis. No. 
5 — From an unknown plnss-houM', but rtf Fi emJj manufacture. 


BoHEMfAN Glass.— T he llohcmian flint-glass is 
distinguishcil from tlie others by containing no lead. 

Mr. llo\N’’NEY lias lately analysed the llolioinian hard 
glass tubing, so indispensable to chemists in the pro- 
secution of researches in organic chemistry, and finds 
it to bo essentially a silicate of lime and potassa, in 
which the oxygen in the silicic acid is to that contained 
in the bases as 6 to 1. Analysis yielded: — 

CfiitrMmnnv 


Stlicfl, 73*0 

Potassa, 11*5 

Soda, 3*0 

Lime, 10*5 


Magnesia, '| 

Alumina, [ o.o 

Sesrniiovido of iron, f 

Oxiao of mangaueso, J — 

100*0 


It may, however, be remarked, that this tubing is by no 
means of uniform composition, as all who have been 
much occupied with organic analysis will have found to 
their cost; some tubes being much more fusible than 
others. 

The opal is very similar to hyalite, mtdler glass, 
a hydrate of silica. The composition is remarkable ; 
it is a simple silicate of potassa, which, from being im- 
perfectly melted, remains semi-transparent, with pieces 
of quanz dispersed through the mass. It does not 
attract moisture, and is not attacked by boiling water. 
It diflers from Fucii’s soluble glass, by containing ten 
per cent, more silica. 

The Venetian contaius also traces of magnesia and 
phosplioric or boracio acid; the crystals appear dis- 
Kominated through the mass, which is of a yellow 
tint, and transparent in thin sheets. The tin and 
iron obviously assist in the formation of the crystals 
of metallic copper, after which the tin becomes silicate 
of the protoxide, otherwise the glass would become 
opaque. 


MKDICINAL GLASS. 


Vimi ly of 


Amilyit- 



Silica, 

Soda 

Tofas^a, 

l.ime, 

Magnesia, 

AK nina, 

Uxidc (d’ mangane.'U, 

Oxide of lead, 

1. 

71-G 

lu-i; 

10*0 

3-0 

0*3 

l-f) 

2. 

G2-5 

iu-r> 
lC-2 , 

4-r) 

1-2 

2-5 

3. 

69-G 

,30 

8*0 

13*0 

0*G 

3-C 

1*G 

4. 

62*0 

lG-4 

15*6 

2*2 

2*4 

0-7 i 

UeliitioTi between lln* oxygen I 
of the acid and the total 1 
amount of oxygen in the ( 
j liases, J 

C : 1 

7 ; 2 

0 ; 2 

1 

5:1 

Ilelatnm lad ween tlie oxAgenl 





1 in the bases with one 

e(iiii- 





valent of that element, and 





1 that contained in tlic 

base.s f 

2 : 1 

7 : 3 

3 : 1 

9 : 1 

with three equivalents of 





\ gen, 

J 

i 

1 



All the variclie.s were of French mannfacturo. 


niKrEKLNT VAKIKTIES OP WHITE GLASS. 




AuahittB 










Bortliler 

Gro«. 

Dumns 

Bcrlliler.l 

Dnniiu. 


1. 

2. 

3. 

4. 

.5. 

.Silo.l 

71*7 

7l*G 

Gd*4 

GO *2 

G2-8 

Soda, 

12*7 

11*0 

11*8 

15* ft 

221 

Potassa, 

2*5 

— 

— 

3-0 


Lime, 

10*3 

10*0 

b*2 

7-G 

12*5 

Magnesia, 

— 

2*3 



2*0 


Oxide of iiuuig.im r e, . . . 

0*2 

0*2 





Alimiina, 

0*4 

2-2 

9*0 

1*2 

2*6 

Oxide of i)on, 

0 3 

3-t) 

— 

0*5 

2*G 

Uclation between the I 






oxvgen of the acid, 






and the total amount }> 

6: 1 

C ; 1 

4: 1 

4: 1 

5:1 

of oxygen in the i 






bases, J 







1. Specimen of a goblet from Ncufeld in Bohemia. 5L 
S})ociineu from the same place. 8. Bohemian glass. 4* 
Specimen of easily fubiblo French glass tubing, 8. Specimen 
01 crown-glass. 



iJLAbjS Its OiinMiCAL Constitution, 


Vurkty of tJUisii 


Silicaf 

Soda, 

Lime, 

Alumina, 

delation between tlie ux>'p:en of the ^ 
acid, and the toUl amount of oxy~ v 
gen iu the bases, j 


W1NWOW-OLAH8. 






AualyMtH 

- 







UiiMirtt, 



Klchard«on 

Cowpar. 

1. 

2. 

3. 

4. 

5. 

0. 

7. 

s. 

9. 

69*05 

09-25 

G8-55 

08*05 

68-6 

08-0 

09-0 

06-37 

71*4 

1 5*22 

1 1 -30 

12-88 

17-70 

13-7 

lO-l 

11-1 

14*23 

15-0 

13'31 

17-25 

10*17 

9-65 

7*H 

i4*3 

12-5 

11*80 

12-4 

1*82 

2-20 

2*40 

4-00 

10*0 

7-0 

7*4 

8*10 

0-6 

4:1 

1 

4 ; 1 

4; 1 

I 

4 : 1 

7 : 2 

L 

7 ; 2 

7:2 

7:2 

9:2 


The nuini>ers fiom 1 to G uie of French origin; numbers 7, 8, and l> arc Eugli'sli. 

The epeciinen was analysed by Gowpeb, manufactured by Messrs. Chance of Birmingham, and is remarkable for containing 
more silica and less alumina than any of the other varieties. Mr. CovvrEit also found 0-3 oxide of iron, and 0-3 oxide 
of manganese in this baniple. 
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V uru‘t^ of GldiU 


Silica 720 

Soda, — 

Potasea, 17*0 

Lime, G-4 

Magnesia, — 

Alumina, 2 G 

Oxide of iniMigancse, . , — 

Oxide of iron i 1-9 


llclation between the 
oxygen in the acnl, 
and the total amount 
of oxygen ill the 
bases, 


1 Duiiias. 


3. 

4. 

1. 

75-9 

T.'l-Hf) 

CK’O 

— 

5 50 

0 9 

17-5 

12*05 

8*1 

3 8 

5*00 

11*0 

2*8 

3*50 

1*2 

— 

— 

0*1 


— 

0*2 

7 : 1 

7 : 1 

5:1 


Thu last specimen was Venetiau, the others were French glass. 


1 



An.i1,\ Hlfi, 




Uui thkT. 


I'liiaUiiy 


1. 

1 

3. 4. 

1 

Silica, 

rAi 2 

50*0 

51-4 50*1) 

1 51*93 

Potassa, 

9-0 

0*0 

9*4 8*9 

J 3-07 

Limf^ 

— 

— 

— 2*0 

— 

Alumina, 

— 

1*0 

1-2 _ 

— 

Oxide of lead, 

' 28*2 

31*4 

37*4 32-5 

33*28 

( )xide of niaiigaiieso, . . . 

1*0 

— 

— 

— 

Oxide of iron, 

0*4 

— 

0*8 trace 

— 

Ikdation betwefii thel 



i 


oxygen of the acid, 1 

8 ; 1 

8 : 1 


0 : 1 

anil the total amount | 



1 0 ; 1 0 : 1 1 


of oxygen in the buses, j 






1, From London, intended for optical insti'iiments. 2. From 
Vonecho in Belgium. 3. From Newcastle. 4. 01 unknown 
origin. 5, From England. 

The oxide of lead which is used in tlie manufacture 
of crystal, is not the protoxide commonly known as 
massicot f and represented by the formula Pb 0, but 
minium, which is a sesquioxide, Pbj Oj ; for, as Bar- 
RUEL remarks, one may depend on the latter not being 
^ mixed with metallic lead, which almost necessarily 
happens with the massicot of commerce. The object 
of emplo}dng oxide of lead in this kind of glass is to 
Increase the density, and, consequently, the refractive 
jittWer, which gives the glass a peculiar lustre or 
lo^Uancy. 


V irk'ly of (’ilasa. 

AiiiityPtii. 

FarnOny. j Iniiiiicn Duiniu 


Flint- pi ’\]i$ from 
Ouiiiund 

StruM 
TUnl>Mf.iO 
tun'd liy 
I>OlillUlt 
W k-luud 

1 

j Kiiuiitcl 

Sihca, 

Fot.lSMl 

Lime, 1 

Alumina, 

(Lxide ol lead, 

Uxide of tin, 

41-3 42-5 

11-75 11-7 

I •— 0*5 

— 1*8 

43-00 43-5 

38*5 

7*9 

1-0 

53*0 

31-0 

8- 3 

50-3 

9- 8 

llLdation between the cxy- 'I j 




gen in tlm acid, uiid the 1 i 

9:2 4:1 j 

7 : 2 

7 ; 3 

Tv tal amount ol oxygen j j 




in the Imhcs, j i 

■' 1 





Tlio following analyses by Puligot are given by 
IliciiARDSuN and IIonalds as quite recent : — 


Ikilu iidiiii 

llolicmltin 

Vt *.< ttiiii 

nrtkrniliiii 

Kl.hs 

<Hi!' 1 pi ISH 

a inluiiiio 

IlilIKil.pJilMl. 

.. 70 .. 

. >*0 9 . . 

. 7 . 

. .. r.7'7 

.. 15 .. 

. 17-0 ... 

. 5-5 . 

.. 21*0 

. / 8 

•7 ! . . 

. < * l . 

. 8-9 . 

! ! 9*9 

.. 1 .. 

. -8 ... 


.. 1-4 


. — . . . 

. 2*3 .' 

. . — 


. — 

. 1-1 . 

. . — 

. — . . , 

. IilCti 

itiiic ;i*9 

. . — 

. . — . . 

. tiaccd . . . 

. 3-5 . . 

. . 

100 

100*0 

100-0 

100-0 


Potassa,. , . , 

Sdda, 

liimc, 

Ahnnimi, , 

( )\i(lc of tin, 

( )xi(ic of lead,.. . . 

( V)pper, 

Oxide of iron, . . . 


Chemical Constitution of the Different Glasses , — 
Piom a careful inspection of tlie preceding tables, it 
will be seen that all the constituents of the ditiTerent 
varieties of glass are in a state of chemical combination. 
It follows that the individual constituents must bo 
united in equivalent proportions ; and though those 
1 elutions are sometimes difficult to trace, in oOhSo- 
queiice of diflereut oxides replacing each other, still, 
the regularity of the composition is always shown by 
tliC existence of a simple relation between tlie colleo- 
tive amount of oxygen in the bases, and tliat contained 
in tlie silica or silicic acid. The combination in defi- 
nite propoi-tions is rendered morn obvious, as Knapp 
observes, when the empirical formulae are deduced 
from the composition in 100 parts. Thus, by refei’riug 
to the numbers of the columns in the preceding tiiblcs, 
the composition in 100 parts of each of the glasses 
specified, wiU be represented as follows: — 



Fijsibility and Burm-UNEes. 


m 


Bottle-glass, Na. 6, w.V * • * .corre^oa^fl to KO + 8 Oa 0 + ? Al* O3 4* Oa 4- 8 Bi 

*V%dow-glafis» No. . . . .. „ 8 Na 0 4- 5 Oa 0 4~ Og ; 

Blate-glwa, No. 1* t, 2 Na 0 + Ca 0 -f 8 Si Og; 

'Wmte Orowu-glass, No. 8, „ KO + ^ Si Ct; 

Crystal, No* 2» - „ KO + 2 PbO + 8 Si Og; 

Mtol-glttss, No, 2, M . 0 KO 4. 9 PbO 20 Si Oh; 

Strass, No. ^ 8 KO 4- ^ 4* SiOg; ei cetera. 


ICNAi^ furtlier justly remarks, that although more 
probable suppositions may b0 formed \vith reference to 
the manner iu which the silica is divided amongst the 
bases, and altliough the preceding calculations do not 
lead to any rational formulae, yet the knowledge of the 
empirical composition for any species of glass, as ropro- 
sented in the examples above given, is nevertheless a 
very valuable guide in mixing tlie ingredients for its 
manufacture, and of groat service in improving or cor- 
recting the prescribed rules. 

ComparcUive Fusibility of the Glasses . — ^Under the 
infliiciico of a cherry-red heat and upwards, the dif- 
ferent kinds of glass are all capable of being first softened 
and then undergoing a complete fusion. At the same 
time, tlie dillienlt fusibility of the hi and tri silicates, or 
those in which the acid prepon disrates, and the opj)osite 
properties of those which contain a larger proportion 
of base, are very important facts in connection with 
the manufacture of glass. Silicic acid per se^ is per- 
fectly infusible in every^ furnace, but it acquires the 
property of fusibility in a greater or lesser degree, 
according to tlie quantity of base witli which it is 
mixed. Glass- makers, in short, call all the bases 

JiuxeSy and are well aware that the work is facili- 
tated and fuel saved by increasing the amount of flux 
in the mixture; but, at the same time, they know that 
the addition of flux cannot exceed a certain limit witli- 
out detriment to the durability of the glass. When 
glass is attacked by reagents, under ordinary cirenm- 
sbmees, it is always a result of tlie removal of base; 
but this is a subject for future considoration. As 
already stated, glasses with a load base are the most 
fusible, and the more so in proportion as they contain 
a more considerable quantity of oxide of lead. Com- 
mon glasses, on the contrary, are less so, tlie more 
limo and alumina they hold. Thus, strass, flint- 
and crystal, are more fusible than common or 
f«i^3ndoW' glass, and the latter is a little more so than 
bptfla-glasa. 

> ^Iki^fect Fluidity of Glass.— Hho possibility of 
or moulding glass, as well as its purification, 
d^iD^ upon the fact that at very intense heats the 
is tolerably fluid, though still possessing 
a oomdstence which may bo compared to that of weak 
sii'Upu ibif) state the heavier impurities are enabled 
to Bubsi^o to the bottom, while the bubbles of gas, 
whidti too often form flaws in glass, rise by their levity 
to the Burfhee. At a brisk red heat, on the contrary, 
the metal is only in a semi-fluid state, and on this 
peculiat and valuable property depends the possibility 
of working it into eveiy variety of form. In this state 
it ia an exceedingly tough, thick mass, possessing great 
ductility, and capable of being drawn out into the 
fliiest threads, or blown into the form of the thinnest 
hpUew spheres. In short, it is evident that the usual 
methods of working glass by Mowing^ and of soldoring 
different pieces together by simple pressure or contact, 
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would be quite impracticable, unless the moss posseBBed 
these propeilies. ^ 

BiiiTTLENKas. — When glass has been heated to the 
softening point, and exposed to a rapid cooling, it is 
very brittle ; wlien, on the contrary, it is submitted to 
a slow cooling, it becomes capable of resisting pretty 
severe shocks without breaking, and it stands equally 
well sudden variations of temperature. These pheno- 
mena have been compared to the tempering ff steel; 
and althougli the explanations which have been given 
j of them are not quite satisfactory, yet it will be neces- 
sary to enter into some details, on account of the prac- 
I tical importance of the subject. The metamorphosis 
I has been attributed to unequal crystallization. It will 
be Been afterwards that tlie particles of glass always 
exhibit in the fluid state a tendency to arrange them- 
selves in a regular manner, and form crystals. Now, 
when the mass is cooled suddenly, no time is allowed 
the [)articles to follow this tendency, and they are 
forced, as it were, against their inclination to remain in 
that relative position towards each other which they 
assumed during the working, or, iu other words, to form 
an amorphous mass, Tliis forced relative position of the 
pari idea is greatest where the glass has been rapidly 
cooled ; the intenor of the mass is, therefore, not so 
suhj»ict to it as the surface, and this latter also con- 
tracts in a greater degree. The outer layers are, con- 
sequently, in a state of tension, with reference to those 
in the interior. It is obvious, from these facts, that 
there must bo a want of uniformity iu the attrac- 
tions of the particles of glass for each other; that a 
tendency to subvert the force of cohesion has been 
induced, which the slightest impulse from without 
will ho sufficient to call into action. This circum- 
stance perfectly explains tlio brittle nature of glass, 
which sometimes rises to a very extraordinary degree. 
For example, if one takes a little melted glass, and 
allows it to fall, drop by drop, into cold water, each 
drop will sudderil}’' solidify, and will take a foim gener- 
ally spheroidal or ovoidal, terminated by a tail which 
ends in a rapidly tapering point, a, as represented in Fig. 
135. The surface of this drop of glass is harder than 
ordinary. But by merely breaking off the point, die 


Fig. 136. 



tension is called into play, and the whole moss flies to 
pieces, or rather is instantly converted into a fine pow;* 
der, with a slight detonation. These little articlea oi^ 
known, from tlicir great brittleness, under the name, .0 ^ 
Ruperts droj^s. s ' i 

The effect is explained by Pumas, by sapppsiflg tfejjp i; 
by the immersion in cold water die surfaeO 0f 
is suddenly solidified, the central parts 




1&4 


GLASS- ^DEVtTR!4»ICAriON. 


Fig. a.ifi. 



red, and consequently much dilated. When the«e 
last become solidified and cooled down, they muBt hay« 
retained points of adherence to the surface, apd oointe- 
quently occupy n lai^g^er volume than that whl<ih agrees 
v/ith tlae temperature to which they are reduced; the 
central molecules are, therefore, more distended than 
usual, and exert a pOAVerful contracting force on the 
surrounding parts. At the instant when a part of the 
envelope or outer portion is broken, the molecules 
Avliich had been retained by it brifskly contract, draw 
in with them ah the otliers, and thus determine a mul- 
titude of pomte of rupture ; as this effect is instantane- 
ous, each fraginent is shot with force, atid drives the air 
before it;, this fluid, therefore, undergoes a sudden 
dilatatioh and contraction, from which results the deto- 
nation that is heard. 

The same effect is produced under another form, in 
what is termed the Bologna or philosophical phial — 
Fig. 136. This is a kind of shoi-t tube, thick, and closed 
at one end, which is obtained at crAstal 
manufiictories, by blowing a small portion 
of glass to judge of the state of the metal 
in the pots during the melting. These 
tubes are very thick, for they must l>e suffi- 
ciently so to allow of ajipreciatuig exactly 
the tint of the glass. Tliey arc exposed to 
a ra[Hd cooling, because the object which 
tluiy are intended to serve does not require 
that any can* should he taken in tlmtrespect. 
This cooling is even accelerated by shaking in the air 
the rod which supports the small tube. The latter is 
tlieu, in point of fact, in a state very analogous to that 
of the Rupert drops, and Dumas explains their remark- 
able brittleness in the same manner. The interior parts 
have undergone a slow, asul tlie exterior parte, on 
the contrary, a rapid cooling; and wlien these tubes 
are struck, even very strongly, on the outside, they do 
not break, while the nliglitest stroke on the inside is 
sufficient to iiiakc them fly in pieces, with a detonation 
similar to that which occurs in the case of the Rupert 
drops*. A small marble, a bit of glass allowed to fall 
into the interior of the tube, is sufficient to make it 
burst asunder. 

Phonoiinma more or less analogous to llicsc happen 
with glass vessels of some thickness, which are sold for 
common uses. By slight variations of temperature, 
such as oeenr when they are carried from a room with- 
out a fire into a warm room, it soinetirnes happens that 
these glassi's suddenly burst without any apparent cause. 
It is obvious, that tlie tliicker the glasses, the more 
readily will effects of this kind bo iiroduccd. Tubes of 
glass somewhat thick, and espceially those which are 
of unequal thickness, are also very subject to split, 
and usually the crack is prolonged through the whole 
hmgtli of the tube. But glass tubes are not submitted 
to that particular operation, the object of which is to 
render glasses less liable to break by sudden changes 
of temperature. 'I^'liis operation is termed annealing^ 
and consists in submitting tJie glass to a very slow 
^frigeration. The details of the process will he de- 
j^bed in connection with the general arrangements 
, ftf . 'the glass-house and its furnaces, among which the 
antiokling arch or oven takes an important place. 


; It would seem that the ordinary onnealing^f glass, 
whether it bo that the operation is badly performed, or 
thfllt it has not a durable effect, always leaves something 
to bo deiced* For some articles, a method of anneal- 
ing is employed which is very simple, but, at the same 
time, exjjjensive, if required to be applied on a large 
scale. It consists in placing tlie glass vessels in a trough 
or pan, taking the precaution to separate them by a little 
hay or straw. The vessels and the pan are filled witli 
water, and the liquid is brought to ebullition. The 
whole is then left to cool slowly. The vessels tluis 
treated are, so to speak, insured against any rapid 
change of temperature, comprised within the interval 
of Fahr., or thereabouts. By using a bath of 
water charged with some salt, an oil-bath, or a bath of 
fusible alloy, tins method might be extended to higher 
temperatures. 

Tlie efiieaoy of the proces.s rests on the great differ- 
ence which exists between the ooiiducting powder of 
air and lliat of liquids. There is no doubt tliat in the 
operation of annealing in the air, difiereiit points of the 
surface are cooled at dilVerent rates, a circumstaneo 
which ran never occur when the annealing is effected 
under a liquid mass. It is well known in laboratories, 
that vessels wliicli liave accidentally uiideigone an an- 
nealing of this kind, are thereby rendered very fit to 
su]iport, without breaking, rapid changes of tem[>era- 
tiirc. 

On the whole, all.bougb tlie brittleness of glass is not 
entirely obviated by the most careful annealing, yet it 
is so modified that the vessels, with a little care, can 
ho used for all ordinary piirposos. Sudden cliaiigo of 
temperature, or i)artial application of heat, will cause 
the fracture of imanmjaled glass quite as sunfiy as a 
blow, by expanding it more at one jiart. tbnn another. 

l)EVITKinKO, OK SUMI-CUYSTAULlsr!* GlASS.— A s 
excessive brittleness results from the. sudden cooling of 
glass, so, on tlio other hand, when the fused metal is 
cooled too slowly, the amorphous si.itc entirely disa}»- 
pears, the mass assumes a crystalline structure, and 
olbor changes occur which are termed devitrijicaimn^ 
If tlie glass cf/ntain dilferent bases, a partial separation 
lakes place; the siiica divides itself lietwccn tJie basuB, 
and thus forms compounds of definite proportions whidh 
crystallize separately. In this case the intimate miatturo 
of the materials which constitute the true glass js de- 
stroyed ; tlie gla.sB becomes very hard^ Jihrotis^ 
much less fusih/cy a better condwitor of electridijf 
of heat. The first glass of this kind was produooA and 
described by llfiALiMUH, and was termed by Miia ife- 
vifrijied glass. , 

The devitrification of glass is a general jiheno^epon, 
which exhibits itself in (ill kinds of glass, Wt espeolany 
in glass with several earthy bases, and more diffioultry 
in plumbiferous glasses, or glasses simply alkaline. It 
is almost always produced by melting the and 
allowing it to cool very slowly, or else by hctttmg the 
glass to the softening point, and submitting it to a pro- 
longed boat and a graduated cooling. The operation 
succeeds better in hottlo-glass than in any others; then 
comes common green glass, next whit© glass, then 
Bimplo glass, with a soda base ; after tins, fliut-glM^ 
and, lastly, simple glass, with a potassa base. 


i ; 1 
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! This property exerts so great an Inflaence in the 
mamifaoture of glass, that it is dllBcult not to 
an iminodiato application of It. It explains^ ind^d^ 
why, in the making of hottlcs, »o BiUch^ oSbre % 
taken to avoid the repeated reheating of the liiaas 
winch is .to he formed into that article. It n^ould be 
thoroughly devitrified in a few aeconda; tlie glass 
would become hard, difRcult to fuse, and would jtresent 
a multitude of solid grains disseminated ia a ‘matter 
still soft. One sees in the same manner why green 
I glass, and even common white glass, and, RtrH more 
' BO, bottle glass, can only be shaped by tlie lamp of 
I the cuamcller wlien tlie work is performed with the 
I necessary despatch. If he works so slowly tliat he is 

j I obliged to reheat several times the glass tube which ho 

j is blowing, the mass devitriftes, and all the phenomena 

! show themselves Avhieh have just bocu described. In 

I vain does he then try to blow a bulb— all the force of 

I his lungs will not avail ; the glass is no longer soft. 

I Besides, the material then becomes rugous, stmii- 

I opaque, and almost infusible. 

One can understand, on the same principles, how 
j ii II port ant it is to select with care glasses intended to 

I be used in largo and thick musses, such as those j 

1 1 designed for tlio mukiiig of lenses for large optical 

i iustriimentB, The cooling •of such masses is necessarily^ 

! very slow, w'ljich induces the devitritication of the 

glass. It is almost imposhililo to succeed, therefore, 
except with glass having a base of lead and j)otassa, 

! ‘ and glass with a base of potassa and lime. Indeed, 

! these two kinds of glass, which constitute flint and 

< foreign crown glass, are employed exclusively on the 
Continent for the making of objectives for achromatic 
telescopes. 

The devitrification of glasses is a phenomenon of 
tlio greatest interest, and to which the attoiition of 
glass-makers cannot bo too much directed. It will 
appear still more wmrlhy of corisidcrution when it is 
shown that, in virtue of its properties, devitrified glass 
is (;apable of replacing jiorcclain in almost all its uses. 
Thus, for the requirements of chemistry, one may 
make tubes, retorts, receivers, capsules, which resist 
the lire as well as vesstds of porcelain, which are as 
imperrnoablo as common glass, wliich resist acids very 
well, and which, in fine, may be obtained in a single 
{^teee, under a thouiiand divemified forms, which the 
mmitldiTig of porcelain could only furnish with difficulty. 
This is a business to be created, and a very important 
business, for it would furnish vessels of a wholesome, 

! elegant ware, and at a comparatively low price. 

1 To e&ct the devitrification of glass, lll^AUJViUR 
I common bottle or green glass, lie filled the 

I vessels with a mixture of roasted sulphate of lime and 
white sand, reduced to fine powder. He introduced 
them into on earthen box, which itself was filled with 
a dmilar mixture, taking care that the vessels were 
well isolated from each otlior, as well as from the sides 
of the box, tlie empty space being occupied with the 
plaster and sand. The box, thus prepared, fitted with ] 
a M and luted, was carried into a pottery furuace, 
aod left to itself during the whole duration of a 
firing. At the end of that time the glass was entirely 
devitrified. 



; -The fcacture of this glass Is Bilkff apd an attentive 
examination of it is sufficient to sliow how the pheno- 
•tnenon is produced. In fact, exactly in ^ mhldle of ! 
Us thickness,^ the glass presents a brown line, and it is | 
at this point that an infinite number of small ciystallme 
needles meet, proceeding from the exterior and interior 
suiface of the vessel. These needles, perfectly parallel 
to each other, ajro perpendicular to the surface of the 
glass, as Well as to tlie plane passing tiirough the line 
of junction, which itself follows all the variations of 
form Id the glass. It may be pdded, that in glasses 
imperfectly devitrified tlie two surfaCjBa exhibit similar 
needles, but too short to meet, and, Consequently, ! 
sepatated by a greater or less breadth of coipmon glass, ! 
which occupies the middle of tlie tliickness of the plate | 
or vessel. It is evident, therefore, that whatever cause i 
determines the crystallization of the glass, acts first on i 
the suifaces, and afteiwaids penetrates to the middle, 
till the crystals setting out from the two opposite points 
come to meet. ! 

M. Dautigues was convinced that the gypsum and i 
sand mixture was not indispensable, and that bottle- | 
glass, heated only to redness during some hours, was i 
entirely devitrified. Nevertheless, the polussa vola- j 
I tilizes during the devitrification, wdiich indicates the ; 
utility of a silicious cement, wliich tJien perfoims tlie | 
part of an ali.sorbing boily in the manner of the sid- | 
phuric acid in J.eshe’s experiment for freezing water j 
in a vacuum. i 

Hkaujiuk did not well understand the theory of 
the phenomenon of devitrification, and, subsequently, i 
Keiu, Pajot-des-Cuakmeb, and some other obsci-vcrs, | 
in examining and describing the crystallizations wdiich 
sometimes occur in glass, w^ere not more successful 
in perceiving the intimate eonncction between these 
two classes of facts. The researches of 1 )AKTIgui: 8 
as well as those of FLKUurAU de BELLEVtic, ulti- 
mately placed beyond doubt the complete ulentity of 
these two phenomena. 

Devitrification is therefore a cri/staiikuition of glass, 
lOxpcrierice proves that ghiss, slowly cooled, ulhiost 
always crystallizes when the jinssage from the liquid 
to the solid state is cirected so gently as to allow the 
requisite molecular arrangements to take place. But 
it appeal’s that, by apjilying this idea in an abseduto 
manner to the devitrified glasses of Ri5aijmur, a grave 
error would be committed, wffiich analysis teaches one 
to avoid. There exist, in fact, two distinct kinds of de- 
vitrifiod or crystallized glasses, resulting from difi'erent 
actions. 1. 'J'hc first class embraces glasses wdiicb, 
by means of a prolonged heat, and sometimes by the 
aid of a suitable lute or cement, have arrived at a state 
of homogeneous comhinationy ami have talcen the crystal- 
line forniy losing smm of their constituent pHnciples, 

2. The second kind comprises glasses which, by means 
of a solidification very slowly eilected, are divided into 
two or more different compounds^ some of which hav^ 
preserved the uncrystallized siatCf while others 0, 
taken a regular crystalline form, /p: 

It is possible to discover by analysis wvlmt 
place in those two cases. The maniaer 
Ej^AUMUR effected the devitrification 
stated. In proceeding to examine its DctmaIb 
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made the following analysis of a tube of bottlo-glass 
dovitrified by M. D’AncEt at the glass-wprk of La 
Garre at Paris : — 

Ccnteidmally Oxygm. 

Bilica, * 52*0 =:27*0 

Alumina, 12*0 = 5 * 6 > ^ - - 

Sesqnioxidea of irou and manganese, . . 6*() = 2*0 ) 

Lime, 27*4 = 7*0 { _ 

Loss, or potassa, 2*0 = 0*2 j 

100*0 42-4 

Comparing this analysis with that of common bottle- 
glass, already given at page 191, it will be seen that 
the amount of the potassa is reduced to at least one- 
third or a half of the ordinary quantity. Moreover, 
this analysis shows that the sample analysed consisted 
of one equivalent of sesquisilicale of iron or of alumina, 
and one equivalent of bisilicato of lime or of potassa. 

It is far from probable that the same result would 
be obtained for all analogous glas8.>s, as regards the 
state of saturation of tlie silicates, oi* their prc»portioii 
to each otlier ; but it is certain that the potassa almost 
entirely volatilizes by the devitrification effected in 
K^aumuk’s manner, and tliat the other products ar- 
range themselves, either to constitute a single silicate, 
or to form several of them, which remain mingled. 

D’Arcet found, it is true, that bottle-glass was 
devitrified without changing its weight. That might 
happen, in fact, wdien the oxygen, absorbed by the 
transition from the oxide of iron to the sesquioxide, 
is equal in weight to the potassa volatilized. 

The chemical changes observed in the devitrification 
I of hotflc-fflass consist, therefore, — 1st. In the loss of a 
; part or the whole of the potassa. 2nd. In the passing 
of a part or tlic whole of the protoxide of iron and of 
manganese to the state of sesquioxides. 3rd. In the 
j formation of one or more definite and crystallized sili- 
I cates, by means of the remaining products. 

1 The second process of devitritication, wliich consists 
I in the mass being broken up into different chciiiical 
I compounds, presents itself sometimes alone, but often 
I einuiltaricousiy with the preceding. Dumas mentions 


the curious results of an experiment made on the largo 
scale, at the glass-works of Choisy-le-Roi, in which 
this pTOoesB was observed to bo quite distinct from the 
preceding. A glass was formed with 100 of sand and 
40 of carbonate of soda, perfectly pure and dry. This 
glass being cooled rapidly, was transparent like ordinary 
glass. It was re-melted, and submitted to a slow cool- 
ing, that the solidification might take place tardily. 
A gloss was thus obtained which was milky, grainy, and 
evidently devitrified in some places. The devitiified 
parts were re-racltcd, and rapidly cooled again after the 
melting, which furnished common glass once more. 
This glass, by a new fusion and a prolonged cooling, 
gave a glass better devitrified than it was the first time. 
Lastly, the portions which exhibited the most perfect 
devitrification, being again melted and quickly cooled, 
again yielded a glass endued wutli its ordinary charac- 
teristics. 

This remarkable experiment sufficiently proves that, 
in the slow solidification of glass, a division of its ele- 
ments is determined, in conse(jucncc of which a definite 
silicate ciystallizes, and thus separates from the re- 
maining mass. 

Dumas states that there existed in the cabinet of 
the Polytechnic School at Paris, a mass of glass de- 
tached from the bottom of a cniciblo. At the surface of 
it was an opaque crust, white, crystallized in needles, 
and of a uniform thitkiicss of one or two lines. All 
the rest of the mass was of a perfect transparency, but 
in the interior of it might be observed a multitude of 
white and opaque ju’isms, similar to the exterior emst; 
partly isolated; partly (-olloeted in groups of two, three, 
four, et cetera, and forming stars; in some cases more 
numerous still, and then forming spheroids. The de- 
vitrification was therefore cfiected in this case at the 
surface, in consequence of the cvaponuion of the potas^i, 
and in the mass itself, in consequence of tlie sepjiration 
which resulted from a slow cooling. Subjoined is tho 
analysis of the two kinds of glass contained in this 
piece by Dumas, and llial of another specimen by 
Kekstun : — 




Kontrq. 


Co^rtalllno portion' 





Oxygaa. 


Oxygan. 




Oxygm 

Silicic acid, 

58-8 

3054 

60-30 

31*40 

68*2 

3r)*46 

64*7 

33*64 

Alumina, 

3*3 

1'64 

6 10 

2*84 

4*9 

2*28 

3*5 

1-03 

Lime, 

20-2 

5*77 

J3-40 

3-83 

12*0 

3*43 

12*0 

3*43 

Protoxide of iron, 

3-5 

0*80 

8*10 

0*70 

— 

— 

— 


** mangancKC, 

4*2 

0*03 

2*20 

0*49 

— 

— 

— 


Magnesia, 

0*5 

0*10 

0*40 

015 


— 

•— 


Potasaa, . , . . , 

2*7 

0*45 


3*05 

— 

-T- 

■ — 


Soda, 

6*5 

1*40 

^ 14*41 


1*49 

3*81 

19*8 

s-m 


It is evident that, in the specimen analysed by 
Dumas, the potassa had been separated from the glass 
at the instant of ciy^stallization. It is equally manifest 
Uiat while no simple proportion can be traced between 
the elements of the transparent glass, one observes, on 
the contraiy, in the crystallized glass a clear and well- 
d^ed composition ; for the oxygen of the alumina 
1$ about one-third of that of the potassa and of the lime, 
and the Olcygen of these throe bases is pretty exactly 


tlie fourth of that of tho silica. It (s, thofefore, 
a compound of one equivalent of quadrfsiKoate of 
alumina, and of three equivalents of qnadrisilieate 
of soda or of lime, which corresponds to the compo- 
sition of ordinary window-glass. More distinctly, 
in tho specimen analysed by Dumas, the oxygen in 
tho acid is to that of the alumina, and to 

that of the other bases togetlier, in tbe followin|f 
ratios: — 
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In tho crystalline pouiuu, as 34*)'46 : 2*28 : 7*24 :r: 18 : 1 : 3 

In the vitreous matrix, as . . 33‘84 : 1*63 ; 8*49 = 15 : 1 : A 

For the former, Ma 0.*, 6 Si Oa -f 9 (M 0 Si Og) 

For the latter, Mg ()„, 3 Si Oa + 15 (M 0 Si oj 

In the specimen analysed by Kersten, the relations 
of tlie oxygen were as follow : — 

In the crystalline portion, as 30*54 ; 1*54 ; 9*54 s= 21 : 1 : 6 

In the vitreous matrix, as. . 81*40 : 2*84 i 8*22 = 12 : 1 : 3 

For the crystalline portion, . Mg Oa, 3 Si Oa -j* 9 (M 0 Si OJ 

For the vitreous matrix,. . . . Mj Oa, Si Oa -j- 18 (M. 0 Si u5 

Tliese relations, as deduced from botli anal3^scs, 
render it probable that the two portions were distinct 
chemical compounds. It may, therefore, be assumed 
that when the glass is submitted to a slow solidilication, 
there occurs a separation of the least fusible definite 
compound to whioli its elements can give rise — the 
latter then taking the cryshillino state. 

If the analyses of dinbront glasses previously given 
liad not solved the (piestion, these last two would suf- 
lice to demonstrate tluit all the glasses are silicates in 
dolinito jiroporiions, or, at least, mixtures of diflerent 
delinitc silicates, dissolved the one by the other. Hence 
it may be inferred, that by sufliciently jirulonging tb(i 
time of the solidification of a vitreous mass, it would 
bo possible to separate successively comjjounds more 
and more fusible, the alkaline base concentrating more 
and more in the successive residues. And herme, also, 
may be conceived what takes place in the solidilication 
of lavas, which have so much analogy with the pro- 
ducts now under consideration, and an explanation 
may be given of the formation of natural crystals, so 
diversified as they appear in their mass. 

To sum up — ^in the words of Dumas, to whom the 
Editor is chiefly indebted for wliat lias been stated on 
tills interesting subject — dexfiirificatum is a crystaUiza- 
Uon ofglass.^ due to the formation of definite comjxmnds 
infusible at the temperature existing at the instant of 
ifye devitriJiccUion, Sometimes this infusihility is pro- 
duced by the volatilization of the alkaline base; some- 
times by a simple division or separation, tlic alkali tlioii 
passing into tliat portion of the glass which preserves 
the vitreous state. All glasses rna}’' therefore be devit- 
rified, for all glasses are capable of passing to the state 
of definite, and consequently crystal lizcable, silicates. 
Glassed which contain at the same time indillerent 
oxides and basic oxides will devitrify better than others, 
by thd tendency which the indillerent silicates and 
basic fifiHcates have to combine in definite projiortions. 
Lastly, dovitrified glasses will jiossess very variable 
properties, for their composition itself will differ com- 
pletely, according to the nature of the glasses and the 
circumstances of the devitrification. Thus, sometimes 
the devitrified glass will bo crystallized in needles of 
considerable size, as happens with window - glass ; 
sometlincss it will bo crystallized in very fine needles, 
or even simply transformed into an opaline mass, 
without Appearance of crystals, as in the case of bottle- 
glass, 

^pedjk Gravity of different kinds of Glass , — ^It is 
e’ddent that the specific gravity of gloss must depend 
on its composition. Alkaline calcareous glasses are the 
%bteBt; bottle-glass comes next ; then plumbiferous 



glasses. The following are the results pf some experi- 


ments: — 

SpMilSv OmvUtr* 

Bohemian glass, <2*396 

Crown-glass, 2*487 

Bamt Gobaiu plate-giass, 2*488 

Cherbourg plate-glass, 2*506 

Window-glass, 2*642 

Bottle-glass, 2*732 

Crystal, or common flint-glass, 2*9 to 8*255 

Optical flint-glass, .3*3 to 3*6 

The Editor finds several kiiuls of glass to give the 
following specific gravities: — 

White flint-glass, * 3*000 

Bottle, common green, 2*715 

Green-glass, St. Helen’s, 2*654 

Crown-glass, 2*520 

Leith crystal, * 3*189 

Hftte-glaSB, llaveuhead, 2*439 


As regardvS crystal or flint-glass, the density may suffice 
to give a pretty exact idea of its composition. It is 
not so with the other kinds of glass, the ditfcrcnces of 
density of their constitueiit principles not being suffi- 
ciently marked. 

Loysel attempted to establish formulae which might 
permit of passing from tho density to tho comi)osition, 
hut they are altogether inapplicable. Little, if any, 
advantage is to be had from them, even for glasses 
containing lead. Those relations vary from so many 
causes, diat, to establish tliem in a positive manner, it 
would be necessary to limit oneself to certain glasses, 
and to deduce them from cxiJeriments so delicate and 
so numerous, that it would be bettor to have recourse 
to the ordinary methods of chemical analysis, the 
results of which will always be more reliable. 

Chemical Properties of Glass.— Among the 
chemical properties of glass, there are some which 
merit an attentive examination. Dumas classes them 
as follows — namely, tho eflect of the air or of deoxidiz- 
ing bodies; that of water; that of acids; and that of 
bases. 

Action of Air or Oxygen . — Air or oxygon, cold or 
hot, provided they are dry, exercise no action on glasses. 
It is not so wath moist air, as will to seen furtlier on, 
especially with reference to solubli! glass. In this ease, 
however, the reagent is water. 

Action of Deoxidizing Bodies . — It is evident that 
deoxidizing bodies may, on the contrary, act witli the 
aid of heat on glasses which contain Oxitles of iron or 
of manganese, and especially oxide of lead. In fact, 
when plumbous glasses are heated with charcoal, or in 
a current of hydrogen, they very readily undergo a 
remarkable alteration. The oxide of lead is reduced, 
and the metal being set free, communicates to the 
glass a blackish tint. This effect is even so rapid, 
that one cannot operate on crystal at the enamellcr’s 
lamp without blackening it greatly, except particular 
precautions be used. The plan which succeeds best 
consists in placing a little soap on the wick of the lamp ; 
the flame suddenly assumes a different appearance, 
and no longer blackens the crystal. It is probabWi^ 
that the presence of the soap affects the capUlarily ol 
the wick, and diminishes the ascent of the ofl. 

Actioti of Water . — ^Watcr does act n^re pr 
oa all glasses; and tliere is a great ntutoMr whkii % 
tends to decompose into a soluble alkaUua SiUcate, and 
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an iaaoluble earthy and alkaline Bilicate. It produces in 
some sort the same separation which would result from 
a slow cooling, or from tlio devitrification of tho glass* 
Window glasses, or those which have an analogous 
composition, are altered in this manner, and very much 
j so, by boiling water. This was long ago remarked 
by ScilEELE, So much is this the case, that water 
^ which is boiled for a long time in glass vessels becomes 

I alkaline and turbid by the portion of earthy and in- 

soluble alkaline silicate wliich forms the residue of its 
i action, and which, detaching itself from the sides of 
; the vessel, remains in suspension in the liquid. This 
! offoct is even so moi'kcd on crown-glass, plate-glass, 

1 and certain window glasses, that it is only necessary to 
! reduce them to a fine powder, and to put them in con- 

! i tact with cold water, in order to impart to the water 

; an alkaline i-tjaction. Lastly, these same glasses liavc 
almost always so much of a hygromctrical property, as 
to become covered with a thin coating of water when 
j they ai-e exposed to the contact of moist air. 

This action of water atlorrls an explanation of a 
considerable number of phenomena occtisionally ob- 
I served on glasses, and chielly on tlmse with a base 
I ! of lime and soda, or potassa. Every one knows that 
looking-glasses sometimes tarnisli in tho air. I’liis 
i j result proceeds from tlie deposit of a film of h 3 'gro- 
( , metrical water ; tlio same is observed on tho glasses 
1 1 of optical instruments. If the glass is well miulc, 

I ! the eflect proceeds no further; but if it is too alkaline, 

! tho deposited water gra«lually acts upon its suriace, 

! 1 1 and thus produces a decomposition similar to that 

i ' i above-mentioned ; in this case the glass is tarnished 
1 I j beyond remedy, or at least it must be repoUshed. 

I j I Sometimes the tarnishing is scarcely perceptible, and 
I j j yet a groat alteration may have been produced on the 
‘ I ' surface. This is observed when (»ne procee<ls to heat 
j I ! the glass ; its surface becomes detached in very tinn 
; I lamellar scales, presenting a great regularity of frac- 
1 I ture. The glass then remains completely deprived of 
; i its polish, wrinkl}”, and almost ojmque. Glass-tubes, j 
; I globes, retorts, and even measures or standing-glasses 
I I which in laboratories arc long exposed to moist air, 
j I very often exhibit the same phenomena. In this state 
I j j tho tubes, for example, can no long<3r be heated at the 
! ; lamp without losing their polish. Watch-glasses arc 

often observed in the same condition, and even the 
glasses of optical instruments. It appears, indeed, 

; that glasses which have been polishctl are more liable 
I to this eilect than common glasses. It is well known 
I that glass whicli has not been polished presents a 
j harder and more brilliant surface, which seems ilue to 
the tempering it undergoes at the instant of cooling. 
It is possible, therefore, that polishing renders glasses 
more readily attacked, by exposing the interior part of 
the mass, and destroying the hard coat which secured it.. 

Tbn windows of houses, offices, or public buildings, 
of an old date, often present a tarnished and unpo- 
lished suiface, tho origin of which must be attri- 
buted to a similar cause. When die hygrometrical 
water has attacked the glass, tho slightest changes of 
temperature cause its surface to splinter, which thus 
. . jboii^mes dull, devoid of polish, or at least cracked, and 
disposed to rise in scales by the least rubbing. This 


effbet may especially be remarked in tlie windows of 
stables; these, after some years, are always so much I 
altered as to exhibit all the phenomena of the decom- | 
position of light produetjd by thin plates ; they become 
in fact irisalcd, and sometimes in a mamior veiy re- 
markable for the intensity and purity of tho colors. 
This, however, is chiefly due to the ammonia, de- 
veloped by the recrement and urine of the animals, 
attacking die silica. On the contrary, it is tJio 
weather or moisture which produces the remark- j 
able alteration observed in old glass that is found in ! 
ruins or in tombs. Its surface is sometimes entirely 1 
decomposed ; it has become opaque, and the slightest i I 
rubbing causes it to peel off in thin light pellicles, 1 1 

exhibiting all tho colors of the rainbow. When the ! j 

dccomjiosed part is detached from the outer surface ot j i 

a phial, one would suppose it to be cut; but it is not | j 

so : this apj)oai aiico is due to the interior layer of the de- i 

composed glass, which, by reason of its perfect opacity, * 
reflects all the light which pusses through the part still ! i 

transparent. One finds hero, therefore, but only in j | 

greatiir intensity, all the effects which may Ixi so fre- 
<pK‘ntly observed on stable windows. 

Action of Alkalies. — Since water per »e is capable 
of acting on gloss with so much eneigy, it will 
readily be conceived that concentrated eoltitione of 
potassa and soda must be (‘apable of attacking it still 
more j)owcrfii]ly. This kind of reaction has not been 
much studied. At a red heat, not only poUxssa and 
soda, but all tho carbonates and all the bases of that 
cli'ss. combine* with the elements of glass to constitute 
glasb<;s more basic, Wbori carbonate is used, tbe 
carbonic acid is expelled. It may even bo said that 
all the oxides not decumptisable by heat, when bcati'd I j 

with glass, combine with it, and thus lorm glasses ! 

transparent or (jpiuuKj, colored or colorlcs.s, more or 
less readily acted on than the glass employed, according 
to the proportions. In general, when tho proportion 
of oxide a(lde<l is much increased, tlie glass is rendered 
soluble ii. acids. Tin's is what is done in the analysis 
of glass, when it is licated with carbonate of soda, 
carbonate of baryta, or oxide of lead. j 

A dim of Acids. — Tho aci.da, in their turn, ^ould 1 j 
act on glasses with facility. Among these, tho hydro- ! 
fluoric acid must be classed by itself, its action being 
(piite peculiar. The otlxcr acids tend to decompose 
idass, by seizing on tho bases and setting the 
free. 

Among tbe bottle-glasses, there are many wbich 
icsist the action of wine, and which, neverthek^^ we 
powerfully attacked by the nitric, hydnocWoiijl, 
sulphuric acids. Salts of Hmc, of irop^ of' 
and alum, are formed when sulphuric ncid 'I# 

'riiis acid produces in tbe interior of the bdtiSo* Ctys- 
talline nipples or pustules, the base of which tdtJmately 
pierces the vessel ; these pustules are sometimbi of the 
size of a bean ; in all cases tlm silica set free assumes 
a jelly-like appearance. 

A bottle-glass too rich in alumina is one of thoM 
which the acids most readily attack, Dumas i^tes 
that he has seen such glasses, which the hitaitm^.^f 
potassa contained in tho wifie attacked bo quickly :^t 
tho alteration was perceptible at tbe end of a few ds^ ; . 
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" The salt of alumina produced dificolors the wine, and 
imparts to it a disagreeable taste. The bottle becomes 
corroded, and a flaky deposit is detached from it. At 
the same time, crystals of different salts are deposited. 

Glasses with a lead base are so much the more 
easily acted on in proportion as they are too rich in lead. 
Well-made -crystal resists acids well It is tlie same 
with window glasses ; when too alkaline they are acted 
on very easily ; when well-made, they resist. More- 
over, when a glass loses its polish by heat, one may be 
sure that it is of a nature to be attacked by acids. 

Special Action of Hydrofluoric Acid . — It has been 
stated that the hydrofluoric acid acts on glass in a 
special manner; and indeed, as this acid transforms the 
silica into water and fluoride of siliciura, it follows that 
it must act on all glasscs. Its action in fact would be 
always quick and complete, if the formation of a cer- 
tain quantity of double fluoride of silicium and sodium, 
of potassium, or calcium, or lead — double fluorides, 
wliich are all insoluble, or only slightly soluble — did 
not diminish the contact, and, consequently, the eflect 
I produced. 

The luTlrofluoric acid, however, attacks glass rapidly 
when the action is exerted on a small surface, and 
much acid is employed. This properly has been 
turned to ac'count to etch glass ; the acid is employed 
in a gaseous or liquid state,' according to the occasion 
anti llie end prt)[)()scd. The gaseous acid produces 
opaque traces; the liquid acid transparent onp*^. But 
the subject of etching on glass will he alluded to after- 
wards. 

Manufactuke of Glass.— There are no reliable 
reconls of the processes employed by tlie ancients in 
the making of glass. But from the time when Aoia- 
(JOLA described this art, the general arrangomont of the 
furnaces, the mode of fabrication, and the nature of the 
materials ein])loyed, have undergone only modifications 
of detail, wdtUout any change in the general character 
of the process. No inconsiderable portion of works on 
the manufacture of glass is usually devoted to the ar- 
rangement and construction of the furnaces and pots, 
the tools employed by the workmen, and tlie dextorouH 
mechanical operations by Avliicli the soft and duclile 
m^tal is shaped into the various forms tliat lit it for 
domestic use and the purposes of science and the arts. 
Thm auhjccts form so iinpoilant a part of the glass 
maritffac^re, that they cannot be entirely omitted in 
the preiiottt work ; but the Editor deems it his duty to 
discuss them as briefly as possible, devoting his princi- 
pal attention to the chemistry of the manufacture. He 
will fher^re dismiss, in a very few words, the con- 
structikm of the furnaces, pots, and tools employed. 

&ki$8*lwuse and Furnaces. — The glass-house in 
which the |Mrocesses of melting and blowing ore per- 
j formed, is usually built in the form of a truncated 
cone, open at the top, of sixty or eighty feet in height, 

I and forty or fifty feet in diameter at the base. In the 
centre of the area is situated the melting furnace, cap- 
able of holditig from five to ten glass-pots or crucibles 
foT futung the materials. The grate of the furnace is 
neaidjf ^ with the floor of tlie glass-house ; and 
the 'aihpit or cave is a subterranean passage, extend- 
ing from each side of the furnace to the exterior of tl>o 


building, so os to catch, the wind from as many aspects 
as possible. The partCoular orrangementeof the glass^ 
bouse, and ^e construction of the furnaces^, airo some- 
what varied according to the kind of glass prepared. 

The plm of a flint-gl^s--houae furnace is shown in 
the annexed engraving — Fig. 137 — where the furnace 
is represented as containing tan pots, E fi. There are as 
many flues, u D, as pots, one flue being placed between 
every two pots; and immediately abreast of each pot, and 


Fig. 137. 



between two flues, is an aperture calle«l tlie working hole, j | 

which is used for introducing the raw materials, and | 

taking out the gla'^s or metal. The coals are shovelled i 

through a square holo,i),i]pon the grate, C(i, in the centre j 

of the furnace. The grate bars ai o supported by two i 

strong iron sleepers, and are protected from the intense j 

heat by being previously covered with a layer of clinkena ; 

or potsherds ; but, as the furriaco attains its maximum 
lioat, suflieient clinkers are formed to serve the purpose. 

All round the grate-room a bank. A, is r.ilscd, term<'J I 

tlie sieyCf on whicJi tlie jiots are placed, so that the fire j 

lies, as it were, below the bottom of tlic pots, and in the ! 

centre of tin; furnace. The sides of the furnace are a j 

little higher tlian the top of the pots, and the arch or 
crown is made as low as possible to be consistent witJi 
durability. 

Fig. 1 38 is an exterior view of llie brick dome, and | 

Fig. 109 an interior sectional elevation of the same, i 


Fig. I3S. 



showing the position of the flues, arches, and cave. & 

Fig. 138, the letters A A indicate the sole of 

DB, the flues; c c, openings or arches, wbJcibi,iifr»»'intrbJ 
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ducing the pots, are built up, leaving only working holes; 
D is the door for introducing the fuel ; and E the roof 
or dome. In Fig. 130, a is the cave or air-tunnel 
Wow the furnace ; B, pit of furnace, with gratoa below ; 


^ig. 139. 



0 c, flue or linnet noles, tbrougli which the flame, not 
being allowed to issue from the (jentre, passes up the 
flues, discharging into the brick dome, and from thence 
I into the funnel and chimney sliaft. 

The dimensions of a convenient flint-glass melting 
furnace are given by Mr. Apsley Pellatt as follows : 
— A furnace for ten pots of thirty-six inches diameter 
is twelve feet seven inches in interior diumcitcr, in- 
cluding the flues; the licight to the inside of the 
dome is four and a half feet ; each of the arches 
is three feet one inch by three feet three and a half 
inches to the highest part. The fire is regulated by 
the stoker or teazer — ^tVom the French, tiarw — wlio can 
raise the beat of the furnace to the highest pitch by 
opening boles at the bottom of the grate. A ten -put 
furnace consumes from eighteen to twenty-four tons of 
coal per week. 

Rkuiardson and Ronaj^ds remark, that the con- 
struction of the melting-furnaces in a glass-houso 
is attended witli many difiiciilties, against which it is 
I almost impossible to provide ; and the wear and tear 
becomes a serious item to the manufacturer. The 
prevailing temperature of a glass furnace, about 20-000'’ 
Fahr., presents in itself a serious difficulty; but in cases 
where open pots are employed, this is materially in- 
creased by the volatility of tlie alkalies, whicli amounts 
to nearly twenty-five per cent, of the potassa. The 
binary compound of silicic acid and alumina becomes 
changed into a ternary one, tliroiigh the action of the 
alkali when clay is employed, and into a silicate of 
potassa or soda whore firestone is substituted ; in each 
case a fusible compound results, which rapidly wastes 
away, and at last, both pots and furnaces become too 
much corroded for use. In ordinaiy coses, three years 
is the usual duration of these furnaces, except in flint- 
glass-houses, where they last longer, from tlie lower 
melting point of the materials, and the peculiar $lmpo 
the pots. 
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The sides of the furnace are consti-ucted of bricks, ^ 
formed in moulds made for tlio purpose. The best 
fire-clay, mixed with the remains of old pots coarsely 
ground, is the material employed for making these 
Wcks ; but these clays would be much improved for 
this and many other purposes, by tlie addition of some 
coarse sand, or ground piuro sandstones. The roof is 
generally made of sandstone aloue, of a coarse grit, 
and very porous. No cement is employed in the arch, 
the expansion of the stone, and the partial fusing of ^ 
the interior surfaces afterwards, bind tlie whole suffi- 
ciently well together. 

The crown and plate-glass furnaces are similar to 
the flint; tlieyare placed also in the middle of the 
cone, but contain only from four to six pots, each of 
the capacity of half a ton of metal. 

Besides the main or melting furnace, a glass-house 
contains a variety of furnaces and arches adjoining or 
around the inside of the cone, for difibrent subsidiary 
oiierations. Tlie calcar arch^ for humiiig frit, now little 
used, is a common reverberatory furnace, about ten feet 
long, seven feet wide, and two in height. In crown-glass 
works there are also the blowing furnace^ the bottom lug 
hole^ and the flashing furnace^ besides an aperture in 
the latter termed the nose -hole. The uses of these 
will 1)0 explained in connection with the crown-glass 
manufacture. Lastly, the leer or annealing oven is 
one of the most important appendages of every glass- 
house. This is the name given to a low arch, open at 
both ends, in whieli the manulacturcd goods are 
allowed to cool gradually. The arch is usually about 
sixty feet in length, five feet wide, and not more than 
from one to two in height. Adjoining tlie dof)r or ; 
recfiiving end is a small furnace on each sid«), by which 
the lemporaturo at that end is maintained just short of 
a melting heat; but, as tliero is no otlier heating 
power, the arch or oven exj)eriencc8 less and less of 
the heat as the distance from the mouth is greater, 

Ftrf. 140. 



until, at the remote or discharging extremity^ ^ 
perature is scarcely higher than tliat of th^ atmosphere. 
There are usually from two to four of these asinOBlhig 
arches placed side by side, as re]:)ro8ontod iti .t|iie 
above engraving, Fig. 140. Along the floor of 
is a miniature railway, upon which two rows of feon 
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ti:ays, called k&r pans^ travel from the hot to the cooler 
end, where they are taken out The pans are moved 
slowly along the leer by means of an endless chain, or 
sometimes they are gradually pushed forward by the 
trays last put in. The fuel employed is coke, wliich 
imparts the most regular heat for annealing, and is 
the freest from smoke, the carbon of wliioh, when coal 
is used, injures the color of the glass. The time 
required for proper annealing varies from six to sixty 
hours, tlie weighty articles requiring the most heat and 
time. The hotter the goods enter the arch the better, 
and on this account large articles, before being intro- 
duced, receive a final re-heating at the mouth of an 
empty pot, heated by boccliwood, and called tlie glory- 
hole, Much of the success of annealing depends on 
the proper direction of the wdiid, which ought to pass 
over the fuel of the leer toward the leer chimney at 
the cooler end, so that the hot air may always radiate 
in the downward ctfirent upon the goods. When an 
upward or contrary current of wind drives back the 
Iicatcd air from tlie cool or cliimnoy end toward tlie 
fuel at the upper end, where it comes into contact with 
the hot articles just introduced, great losses from 
breakage often occur. 



Kilns, which differ from leers in being closed at the 
ftirthoT end, were formerly in general use for annealing 
goods intended for deep cutting, the kilns, when filled, 


being carefully closed txp alot^ with the burning fuel. 
The time required for cooling in this case was usually 
about a week. To avoid so much deSgTy the kilns 
have been superseded by the use of iron coveiu or a 
bedding of sand in leers; also by lengthening the leer 
fire-places, and not filling the pans with glass too 
quickly. 

The PoTB.~The crucibles, or pots, in which the 
vitreous mixture is melted, require every care to be 
taken in their preparation. Those used for bottle, 
crown, and plate-glass have the form of a truncated 
cone, A — Fig. 141 — the narrow end being the base. 
Their depth is usually four 
feet six inches ; their dia- 
meter at lop, from four feet 
to four feet six indies, and 
at the bottom, about three 
feet four or six inches. In 
the same figure are shown 
the ladle, B, for taking out 
tlie glass, and the stirring 
rod, n. The pots for flint- 
glass are hooded or covered 
at tlio top, and have a 
mouth, B, in front like a muflie, as shown in Fig. 142; 
but those for crown, plate, and bottle-glass ai’e open. 
The Iiorse-shoo-shaped piece of fire-clay, a, is inserted 
in the mouth during the molting, to dimiiiisli the 
aperture. 

Fuic clay is the material of whidi the glass-pots are 
made, and it must bo as pure and refractory as can be 
obtained, free from every trace of lime in any stale, 
and sulphide of iron ; and the less oxide of iron tlio 
better. The kind of slate clay dug out of the coal 
formation near Stourbridge, which contains very little, 
if anything, besides silicic add and alumina, is decid- 
edly preferred to all other compounds found in this 
country. 'I’he clay is mixed with varying proportions 
of the remains of tlic old pots, and the tenmpering^ or 
previous preparation of the mixture, requires great 
attention, A cciiiain quantity of the ground materials, 
after being mixed with water, is stoi*ed away in largo 
wooden bins or receptacles, and turned over from time 
to time, during which a workman treads it under his 
naked feet. This kneading of the clay renders it very 
uniform and free from particles of air. The following 
is the composition of some of the days employed : — 


Silicic ackl, . 
Alamina, ... 

lime, 

Magnesia, . . 

Iron,, 

Water, 

Lossj 


The proportions given by Baruuel as most suitable 
for glasa^pots of any description, are thirteen ports of 
cru^ almninoue clay, twelve parts of calcined silicious 
day, and three parts of the remains of old pots. The 
lastHtaentioned material assists Hie more regular diying 
of the pots, and renders the whole body more porous, 
and less liable to crack heat. 

YOL. H. 
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When the mass has been kneaded three times over 
until it acquires a pasty consistence, is rolled into 
small pieces about the size of a sausage, and these wd. 
rolls are placed together upon a wooden or leaden slab, 
to the thickness of four inches, to form the bottom. 
is tlicn turned up at the edges, and layer aboYe 
layer, in successive rings, all formed by the eye of tliO 

2 o' 
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workman, without the use of a mould. When the pot 
has hoen finished, the sides are made smooth by means 
of small wooden scrapers. 

After the glass pot is formed, it is allowed to remain 
for a considerable time in an apartment heated by a 
flue to a little above the ordinary temperature — about 
80® — iu order that it may bo slowly dried in an equal 
manner throughont its whole thickness. Two or three 
years is tho time allowed by some manufacturers for 
this gradual desiccation. 

Before tho pot is set in tho furnace, it must he sub- 
{ected to an annealing process, which consists in gra- 
dually increasing its temperature duiing several days 
to bright redness. This is usually done in a reverbe- 
ratory constructed for the purpose, tho fire in which 
must be raised very slowly, not more than a shovelful 
of coals being introduced at a time, and that at regular 
intervals. While at a bright rod or even a white boat, 
tho pot is quickly transferred, with the assistance of 
adequate machinery, into its scat in tho hot furnace ; a 
part of tho face of which must bo pulled down, to allow 
of the ready extraction of the old pot, and introduction 
of the new one. Before tho pot is used, it is glased, 
as it is technically termed, before being filled with 
materials ; that is, some cullet or old glass is thrown 
into it, and spread over the sides in a molten state. 
This penetrates to tlie depth of a few lines into the 
substance of the pot, and forms a hard, difficultly fusible 
enamel, which protects the pot from the further action 
of the sul>8tances added. 

Tlie setting of a now pot is a very arduous under- 
taking, and is generally attended with groat excitement, 
and even danger, on account of the intense heat to 
which tho workmen are exposed. It is generally per- 
formed at the end of tho wef3k when the work of the 
glass-house is slackened, and all hands are required to 
be present to assist at the operation. 

A good pot-maker, says Mr. IIf.nry Chance, with 
two assistants, can furnish three or four pots per week. 
After a careful drying of many months, they are made 
ready for the furnace, as has been stated, by a previous 
heating in a kiln or pot-arch. Here a small lump of 
coal, thrown against its side, tests the soundness of the 
pot. If, when struck, it rings well, its future is promis- 
ing ; but if it returns a dull sound, it will probably bo 
short-lived in the furnace, though now and then such 
a pot will disappoint the bad opinions formed of it, and 
turn out a respectable pot after all. 

The terrible task of setting these pots in the furnace, 
continues Mr. Chance, falls upon tlie glass-house crew, 
and the nicety with which these enormous vessels are 
adjusted in their place, in the teeth of a consuming fire, 
is, perhaps, tliat operation which, in tlie many marvels 
of glass-making, would most astonish a stranger to such 
scenes. The average duration of the pots, when thus 
fixed, is about seven weeks. Some attain the ago of ten 
or twelve; while others, as every manufacturer well 
knows, terminate Uieir existence prematurely, either 
from the naturally defective constitution of the pot, or 
from had treatment In the pot-arch, or more frequently 
from its having been starved — that is, exposed to a 
ciirreut of cold air in the furnace, through the neglect 
of Uie attei^dant The breakage of a pot often disturbs 


tho furnace to such an extent, that the breakage of 
others frequently follows, and many weeks will some- 
rimes elapse before the disorganization thus produced 
can be rectified. The loss of the pot and the contained 
metal is nothing as compared with the injury which tlie 
glass in the surviving pots, and these pots themselves, 
are apt to sustain. 

Crude Materials for (tlass-making.— The che- 
mical or theoretical composition of tho dillbrent varieties 
of glass has been already given at pages 191 and 192 ; 
but as it is quite impossible to obtain or prepare tho 
ingredients in a state of chemical purity previous to 
fusing them togetlicr, it will be necessary to explain 
the sources from whicli the materials that go to consti- 
tute the different glasses are practically derived for tlic 
purj^oses of tho manufacture. 

Silica, — It has lieen staled that all true glasses arc 
practically composed of silica, or silicic acid, in combi- 
nation with at least two alkaline^r earthy bases, and 
sometimes oxides of lead, zinc, and other metals. 
Silica, silicic acid, or teroxide of silicium — Si 0^ — is 
the principal ingredient. It is very abundant in nature, 
forming a principal constituent in rocks and stones, and 
existing in a free and almost puro state in flint, agate, 
chalcedony, rock-crystal, and quartz, tho last two being 
its purest form. I'ormcrly, flint — dlex — calcined and 
ground, was used as the source of tho silica, and hence 
the name of flint-glass. Sand, however, is now em- 
ployed as the most general and economical source of 
silica, and renders the process of grinding unnecessary. 
At tho same tirao^tho great variations in the purity of 
this material render requisite a careful selection for the 
different kinds of glass, and tho manufacturer must 
choose such as the microscope and analysis show to bo 
most suitable for his puri>o8o. Tho fmcFt English sands 
are from Alum Bay in the Isle of Wight, and Lynn on 
the coast of Norfolk. Tlie French obtain n very supe- 
rior sand from the forest of Fontainebleau, in the neigh- 
borhood of Paris ; and Mr. II. Change justly remarks, 
tliat to the purity of this and their other niatcrials the 
superior color of their glass may be partly ascribed. 

The sand, being always more or less impure when 
brought to the glass-works, is convoyed to an upper 
room, and thrown into a trough of water, where it is 
carefully washed. It is then placed iu a trough over 
an oven, and, when partially dried, passes through holes 
into tho oven. When quite dry, it leaves tho osfen in 
the state of fine, glittering white particles, lifeft pow- 
dered quartz, lliese precautions arc not nedpaiy fot 
bottle-glass. 

Potassa and Soda . — The alkalies used in the 
facture of common colored glass, such as thos^i^tod for 
green bottles, are obtained, as far as the potassE ie Con- 
cerned, from common ashes, and the so^.’ from tJie 
ashes of sea-plants, or refuse soda. Betlfer kinds of 
glass are made with crude potassa and soda-^ash, and 
the best from purified potassa and soda-asli. Ulot more 
than thirty years have elapsed since crown and sheet 
glass were manufactured from the crude alkali obtained 
from kelp, the preparation of which for this putposo 
employed a large population on the Northern shotes of 
Scotland and West of Ireland, and the abandonment 
this material, when the dtity was taken off barill^ 




GLASS ^CnirpB Matsmalb, 203 


plunged whole districts into idleness and misery. The 
kelp was used simply in combination with sand-^the 
kelp containing soda and potassa^ and furnishing the 
necessary amount of lime ; but the glass thus produced 
was of very variable, and often most inferior quality. 
The discovery of Le Blanc in 1792, which effected 
the conversion of common salt into carbonate of soda, 
was the commencement of a new cm in the history of 
Confticntal flint-glass; but the introduction of carbo- 
nate of soda, prepared from salt, into the glass manu- 
facture of England, dates only from the year 1831. 
Ultimattdy sulphate of soda was substituted, except for 
plate-glass, the manufacturers of which still adhere to 
the carbonate. The black bottles of Newcastle are 
made from common rock-salt, and sand from the b^d of 
the river, with the carbonate of lime of the soap-works, 
and tho tank waste of the alkali makers ; but for all 
bcitter kinds of glass the circuitous combination of silica 
and alkali is still found necessary. The carbonate of 
potassa is obtained chiefly from Canada and the United 
States, and requires a process of washing previous to 
use. The state to which it is brought by the process 
of cleansing is that of line white grains, differing but 
little, to an tmpractised eye, from the prei)ared sand. 

Lime . — This substance, which forms an important 
constituent in flint-glass, may he introduced either as a 
carbonate, or slaked or burned. Limestone, however, 
that contains proto-carbonate of iron, must bo excluded 
from tho mixture for making white glass. The action 
of lime is to render the alkaline silicates insoluble, and 
wh(jn rightly balanced by tlie other ingredients, it i>ro- 
motes the fusion of the whole, and improves the quality, 
but when added in excess, tlio glass becomes hard and 
difficult to work, and subject to devitrification. 

Lead , — The next substance in point of importance is 
lead, wliich forms the distinguishing ingredient in crystal j 
or common flint-glass, optical glass, and strass. These 
gltisses are fused from a mixture containing litharge — 
PbO — or minium — red load, Pbj, 0^. Of these two 
compounds, tho latter is preferrcid on accounr o6 its 
finer state of division, its pulverulent form, and be- 
cause it is decomposed in tlic glass-jiot into ordinary 
protoxide of lead and oxygon, which latter oxidizes, 
and removes many impurities, as, for cxanqfle, char- 
coal. An excess of load acts injuriously upon the 
melting vessels, and, bosidos inducing too great softness 
in tins, glass, gives it a yellow tinge. 

Bairyta . — This substance, in the form known ns 

— Ba 0, S is sometimes added to Uie 

constituents of common bottle-glass, to render it more 
easy of fusion. 

— ^The sosquioxide of aluminum — Al.^ 0^ — 
though seldom purposely introduced into glass, is always 
accidentally present, brought tliere by tlio action of the 
materials upon tlie clay of the pots in which they are 
melted. Alumina, if present in any quantity, is always 
an undesirable ingredient, as, by increasing the number 
of silicates, it renders the glass more liable to devitrifi- 
cation, it being well known that tlie more compound a 
glioss % the more does it display this tendency. Hence, 
l^ttlOnglass, which contains a greater variety of bases 
than any other, is of all tlie most easily dovitrified. 

Iron . — Another unwelcome element is iron, which is 


almost always present in the 6and> In the sulphate of 
soda, when employed, and in the chalk, partly in the 
state of protoxide, the coloring effect of which is par- 
tially destroyed by other ingredients, to be afterwords 
mentioned. 

Araenic . — A flltle arsenic promotes the decomposi- 
tion of tho other ingredients, and tends to dissipate 
carbonaceous impurities not otherwise <lispD86d of; but, 
in excess, it produces a milkiuess in the glass, whicii 
time will increase. 

CulleU — Anotlier substance is added — abundantly 
produced in every manufactory of glass — namely, a 
quantity of waste glass, or cullet, which, being more 
fusible tlian the raw materials, facilitates the melt- 
ing. For this purjioso, the waste glass in the glass- 
house, and that collected in tlio neighborhood, are 
cnrefully sorted, cleaned, ground, and incorporated 
with the mixture for similar kinds of glass. Great 
care must, however, be taken that no broken glass of 
j an inferior kind is mixed with the ingredients for 
finer glass. Tho cullct not only incites fusion, but 
materially aids the union of tlio bases wdth the silicic 
acid. 

Decoloring Materials . — It has been stated in the 
historical notice tliat every description of glass exhibits 
a tendency to color, which probably led to the idea of 
stained glass. Tliis tendency is more or less developed, 
even when proper proportions and the purest mate- 
rials for the mixture have been employed; and as any 
tinge is considered a defect in white glass, or that which 
is employed for windows and particularly in the finer 
kinds of glass, certain materials are employed with the 
special object of counteracting it. To tliis class of sub- 
stances belong hinoxide of manganese^ arseruCf already 
mciitioncd, and nitrate of potassa. Tho accidental 
elements wliich usually color tho glass are iron and 
carbon^ or carbonaceous matters, and in all cases the 
substances above-mentioned are employed to neutralize 
or counteract tlicse by means of oxidation. 

For example, if jiarticles of carbon or soot from the 
fire or flame become mixed and surrounded with the 
melted glass, these, by tlieir exclusion from the access 
of air, are prevented burning, and a brown or nearly 
black color is produced, wliich is removed by the con- 
version of the carbon into carbonic oxide through the 
influence of the oxidizing or decoloring material. The 
manner in which manganeso acts on the protoxide of 
iron has been already explained — page 389 — and is 
similar to its action on carbonaceous matters, which 
arc thus removed in a gaseous form from the melted 
mass, A few ounces of the hinoxide of manganese are, 
therefore, usually added to the materials for making 
flint-glass, which is always required in a state of great 
purity ; and, from tlie cleansing action of this material, 
it has received the familiar title of glass-mahers^ soap. 
It must, however, be used sparingly ; for an excess of 
it produces a compound of silicic acid with sesquioxido 
of manganese, which communicates a lilac or amethys- 
tine color to tho glass. The approved remedy for this, 
when the error lias been committed, is to stir up 
colored mass with a wooden pole, which reduces tfae 
sesquioxido to the protoxide, and the color 
pears. ^ 
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Some manufacturers use mariganosc, on accoimt of 
the reddish tinge it imparts to glass, expressly to dis- 
guise the bad green or yellow color produced by the 
other materials. In this case two tiuged glasses are 
formed, which mask each other’s defects, the green and 
red rays combining together, as supplementary colors, 
to transmit white light. Indeed, in plate-glass for fine 
windows, a slight excess of manganoso is sometimes 
allowed, expressly to produce a delicate amethystine 
tint, which improves the complexion of persona who 
receive the light of day through the window. 

Smalt, a blue glass, is sometimes used, like manga- 
nese, to mask the bad color produced by the other 
materials. Properly speaking, however, the decoloring 
agents are those which act by oxidizing the carbon or 
tlio protoxide of iron, and tliereby actually expelling 
the lime. In this way nitrate of pohissa reacts before 
the glass enters into perfect fusion; arsenious acid, 
arsenic acid, and their salts, exert tlicir action at a 
temperature above the fusing point, and are volatilized. 

Glass from Felspar . — The making of glass by means 
of felspar is an idea which naturally suggests itself to 
tlio mind, when one considers the ready vitrification of 
this mineral, and was suggested even long ago by M . 
GnidiRAUD in the memoirs of the Academy of Berlin. 
According to this authority, the following mixture is 
proper for a window-glass, namely, two parte felspar, 
two parts sand, one part chalk, which would give, foi 
the composilion of the glass, BU[)posing no volatili- 
zation of the potiissa during the molting, nearly the 
following ; - 


Contmfninllx. 

Silica, 73 

Alumiji.i, , , . . 8 

I’olrtssa 7 

Lime, 12 


100 

These ill-calcnlatcd proportions could only give a glass 
difficult to melt, and prone to do vitrify. This, says 
Dumas, is exactly what happened in an experiment 
made on the large scale by M. Eey, under the eyes 
of CiiATTAL and Allut. The melting required a 
twice longer time than the usual, but it furnished a 
beautiful glass. The experiment was supposed to be 
a fortunate one; but when the crucible was cooled 
sufficiently to admit of the working of tho mass, it was 
found quite opacpie, milky, and clotty — in fact, devi- 
trilied. Must felsj)ar, tliercfore, be renounced ? It is 
difficult to admit this. If a mixture be made of one 
hundred parts of felspar, one hundred parts of Arcueil 
clay, or some analogous clay, and eighty of quicklime, 
or its equivalent in chalk, a glass of the following com- 


position will be produced : — 

Felfpiir. Clny. Olaw Or iscnterimitlly. 

Silica, CO 63 129 46*3 

Alumina,.. . . 18 .... 37 ... . M .... 20*0 

PotasBft, .... 16 ... . — .... If) .... 5*7 

Lime, — — 80 280 


280 100*0 

—that is to say, a glass which, if tho clay is free from 
iron, would bo quite of the same nature and color as 
bottio-ghxss, and which would present advantages as 
wdl a^ dii|ndvaritagc8. As regards comtnon window- 


glass, or analogous glasses, felspar should be capable of 
entering into these in tim proportion of one-third nr 
one-fourth, without serious disadvantage. A glass 
would be produced which would differ from common 
glass only by Uie presence of four hundredths of alum- 
ina, and glasses are met with in commerce which 
contain this quantity and even more. Lastly, it is 
probable tliat by suitable additions of Wax, boracic 
acid, or oxide of lead, one might get felspar itlfclf to 
produce a glass endued with all the desirable qualities. 

Glass from Volcanic Proditcts. — Duma 8 remarks 
that certain lavas, pumices, pitchstono, and other vol- 
canic products, approach so closely to bottle-glass in 
their composition, that the possibility of turning ibein 
to account in this way cannot be doubted. The merit 
of the first attempts of this kind is due to Chafx’al ; 
and if these attempts did not succeed, this must be at- 
tributed to the time at which they were made, rather 
than to the idea itself, which is both good in theory 
and must be capable of succeeding in practice. Tlie 
analyses will be sufficient to prove this : — 



Llparl 

Ittunlt nf 

VnMiU of 

ntohdtoTw 


pilIlllCI.'. 

Tlaaoi>biir($ 

SldflA. 

oi Mihiuil. 

Silica, 

.. 77*5 . 

. .. 44 3 . 

.. 48-0 . 

... 73-0 

Aluntina, 

.. 17-3 . 

. .. lfl-7 . 

., KrO 

... 14*5 

Oxide of iron, . 

.. 1*7 . 

.. 20-0 . 

.. IGO . 

. . . 1*0 

Soda, ) 
Folasna, J ' ’ ' 

.. 3-0 . 

, . 2*6 . 

.. 4-0 . 

... 1*75 

Lime, 

MugiioEiia, .... 

, . — . . 

. . 9*3 . 

. . 9*0 . 

. . . 1*0 


. , 2*2 . 



Wat«T 



.. 2-0 . 

3-0 ! 

! ’ 8-3 

Hydroclioric acid, — . 

— . 

.. 1*0 . 

. . . “23 

Lues, 

.. *30 

.. 2*.5 . 

. . 1-0 . 

. . . *23 


100-0 

lOU-0 

100-0 

lOO-O 


With pumice-stono, forge-scoria?, chalk, and a little 
soda in proper proportions, bottle-glass might therefore 
bo made. Basalt w*ould require only the addition of a 
little chalk and soda. Pitebstonc tr(*ated like puniicc- 
stono would furnish it also. 

The trials made by the direcliuus of Cuai'Tal 
succeeded so far as the matter examined by birn was 
emyloyed ; but when another volcanic product came to 
be used, the results were bad, the proportions being 
deranged. A very simple analysis would have pre- 
vented all trouble, and would have preserved their 
proper rank to tiicsc volcanic matters, the excellent 
effects of which have been demonstrated by a suffi- 
ciently long experience. 

It was in 17B0 that Chaptal, then Pro%|8Dr of 
Chemistry at Montpellier, proj>osed the use o|^laya. 
M. Ducrob, a glassroakcr in the environs 
melted, with coal, tho lava of the extinct vot&Am of 
Montferrier, without any addition, and 
bottles of it. M. do Cabtlevirl, anotbor 
of the country, melted, with wood fuel, a of 

sand, lava, and soda, and thus produced lighter 
and stronger than those usually manufactuifi^ These 
buttles had such great success that the could 

not be supplied. But at the expiration of four years, 
the bottles winch wore produced no longer resembled 
the first ones : they were much inferior ; the manufac- 
tory lost its reputation, and was compelled to abandon 
the system which it had jiist tried with so mtioh 
success. 

The nature of the lava, therefore, had changed, and 
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the same proportions being no longer suitable, an 
analysis alone could have guided the operator. It is 
with this that the process must be commenced, if it is 
intended to resume a manufacture, worthy, in so many 
1 respects, of being submitted to trials which the state of 
i science would now render much cosier. It was in 
! consequence of taking a didorent course that M. de 
I Castleviel failed, and that M. Fougeroux do Bon- 
1 daroVj who appears to have been occupied in 1787 
I with the same subject, without any knowledge of the 
I preceding facts, succeeded no better. 

Tue Fuel. — The fuel formerly employed in England 
in the making of glass was exclusively coaly but of late 
it has been found that, in London especially, many 
advantages result from using oven-hurned cohe, which 
produces less smoko and soot, and is, therefore, much 
better adapted for the finer glasses. Some glass-houses 
have all the requisite accommodation foj making coke. 
In Franco both coal and coke arc employed, and some- 
times woody but Barruel states that wood has been 
generally abandoned as being more costly, and pro- 
ducing less boat tlian coal, so that with the former the 
fusing and refining of the metal require longer time. In 
I Gtu’many woml is generally emplo^^ed, and in some few 
(daces peat. Even the best air-dried wood would fall 
I far short of producing the desired effect, in consequence 
of the amount of water which it still retains, and therefore 
it has been the practice on the Continent, from a very 
ancient period, to liake the air-dried wood in a particular 
kind of furnace until it begins to become brown, or 
until the whole of its water has been volatilized. Peat 
when used in the glass-house must bo perfectly dry, and 
afford only a small amount of ash. 

Preparation oe the Materials. — A great saving 
of time and fuel is effected by carefully grinding and 
intimately mixing the materials previous to the melt- 
ing. For this purpose odgo-stoncs and coarse sieves 
are essential in a glass-house. Until quite recently, the 
mixing and sifting wore always performed by hand, 
and the operation was therefore inii»orfeetly performed, 
tile mixture so produced being litlle caleulated to favor 
those chemical ehangos an<l mutual reactions of the 
materials which ai’C necessary to the formation of a 


Fig. 143. 



homogeneous fluid transparent body. To obviate tliis 
d^ndVAptagc, a mixing apparatus, especially intended 
for orown-glass, has lately been contrived by Mr. 
Chance. This very simple machine, which is shown 


partly in section in Fig. 143, is made entirely of wood, 
and consists of a Bemi-oylmdrioal ohamberi with an 
opening, A, at the top, for introducing the materials, 
and another in the semicircular bottom Ot D, through 
which tlioy are removed ; B is a cylinder in which a 
number of oblique beaters are fixed, and the whole is 
made to revolve by a handle or by a shaft the 
steam-engine connected with the axis, c. Mr. Coofeh 
applied with the best effect a simple revolving wooden 
barrel, similar to those employed in tlie powder fac- 
tories. Tho composition, when mixed, is termed hatch 
or frit — the latter word being derived from tlie circum- 
stance, that during the period when barilla, kelp, and 
other forms of crude alkali wore in use, it was the 
custom to subject the materials to the preliminary 
operation of friititig or stirring them together under 
the heat of a reverbatory furnace, thereby effecting 
partial decomposition, and burning off any carbona- 
ceous impurities; but the introduction of alkali pre- 
pared from common salt has, in most cases, removed 
tho necessity of this treatment. One great advantage 
of fritting consisted in the partial union which it 
offocted between tlie silicic acid and tbe bases, so that 
tlie latter were not volatilized in the furnace previous 
to tho formation of the glass, and the pots and sides of 
the furnace were coiisequciilly less exposed to tlie 
injurious action of their vapors. With the purer 
materials now employed in the manufacture, tho ad* 
vantages gained by tlie o^ration are not generally 
considered sufllcieiit to compensate for the loss of fuel 
incurred in producing tho high degree of heat required 
to perform it. 

Melting. — Tho raw materials, consisting essentially 
of sand or silica as the base, and alkali as the iiux or 
solvent, having been thoroughly incorporated with a 
suitable proportion of cullot or broken glass of the samo 
kind, are introduced by means of a clean iron shovel 
into tlie melting-pot, which has been previously raised 
to a white beat. But the whole of the mixture is not 
introduced at once, for the mass of glass which a pot 
will hold occupies before fusion, in tho state of frit, 
just twice the space of tho melted glass. Not more 
tlian one-third of the mixture is therefore introduced at 
first through the working holes, the temperature is then 
raised to tho maximum, and as tho mass subsides by 
melting, a fresh quantity is iiitroduced, until the pot is 
filled with melted glass. During tbe whole period of 
tho melting or foundy the stokers or teasers keep the 
furnace well supjfiicd with fuel, so as to prevent any 
portion of tlie grates becoming uncovered, in which 
case a rush of cold air from below might split some 
of Iho pots. At the same time the founders — ^frora 
the French, fondeurs—fxi'Q engaged in noting the 
progress of tho fusion, by taking from time to time 
proofs or drops from tho x^ols, by means of a short 
rod, flattened at one end^ and examining if any un* 
dissolved grains of sand are perceptible on refrigera- 
tion, and whether the mass, which still contains a 
qtiantity of air-bubbles, appears uniform throughout. 
So long as carbonic acid is evolved 4n abundanc*?^ 
or during the boU, the mass is agitated by the escapo 
of the larger hubbies of gas in a maimer most 
favorable to tho operation, this motion aQt»wers the 
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paq)0S6 of stirrings and mixes tl^e compounds of 
variable degrees of fusibility and density, which are 
at first produced, with each other ; at a later period, 
when the disengagement of gas ceases, the denser 
compounds are apt to settlo down at the bottom of 
the pot, where the temperature is about one-fourth 
lower, and is, consequently, incapable of preventing the 
^ deposition by the production of ascending currents. 
This evil is moderated on the Continent by stirring with 
the scooping ladle, or by thrusting a piece of arseiiious 
acid to the bottom of the pot, and thus causing a 
forcible expulsion of vapor from that part of the vessel. 
At the close of the melting process, the contents of the 
pot are not by any means pure, or equally mixed. All 
the solid matter is dissolved, but the mass of glass is full 
of small vesicles of gas, presents a spongy rather than 
a dense appearance, and is not yet in a state fit for 
working. The surface is also govered by a layer of 
so-called glass-gall or sandiveTj a melted mixture of 
salts, which have not been volatilized, nor combined 
with silica during the process of melting, and consisting 
chiefly of chloride of potassium — or sodium — and sul- 
phates, which in consequence of imperfect vitrification 
have escaped decomposition. — Knapp, 

The following, says Richa rd.son and Ronalds, has 
been found to be the composition of this saline matter, 
glass-gall or sandiver, which is skimmed ofl" the sur- 
fece of tlio melting materials, and is technically termed j 


salts : — 




Coti«U(Q«nti. 

Oornian 
pliitn Kiusa 

giiiiw. 

nottio- 

Water, 

Sulphate of soda, .... 


.. *10 .. 

.. 1-00 



.. nrro-i 

Siilphato of lime, 

.... io*;ir) .. 

. . (i*00 . 

.. 25-11 

Chloride of sodium, . . 


. . -04 . . 

, . -20 

Carbonate of soda,. . , 

.... trace . . 

— . , 

— 

I'otassa, 

— . . 

. . — . . 

. . trace 

Insoluble matter, . . . . 

3-2i) .. 

. . 3*35 . . 

.. 17-77 


100-00 

100-00 

100-00 


Glass-gall, when occurring in largo quantity, is 
removed witli ladles, .arid is employed on the Continent 
by saltpetre and alum manufacturers, or workers in 
bronze; in tho varieties of glass prepared from purer 
! or purified materials, where, instead of crude potassa, 
ashes, or soda, purified substances have been employed, 
either no glass-gall is produced, or that which appears 
is easily removed by volatilization 

Fining. — For some time the glass does not become 
transparent, the opacity being due to bubbles of air or 
gas, and to the lime and earthy impurities which do 
not fuse. The object of tho fining^ wdiich is the last 
process in glass-making, properly so called, is the re- 
moval of these by the subsidence of the heavier par- 
ticles to the bottom and the escape of gas at the surface. 
P'or this purpose the glass must be brought to the most 
fluid state possible, and the heat is therefore raised and 
sustained for some hours at the highest point. In Ger- 
many this part of the process is termed hdss-sMiren^ or 
Itot-eovering. In forty or forty-eight hours after charg- 
ing, the vitrification is complete. When all the gas- 
bubbles have passed off, and the sandiver has become 
transparent and colorless, the temperature of the pot is 
lowered by diminishing the draught— a process termed 
hoU’SMrfi^ or Co —the object of which is to 


bring the glass from a state of nearly perfect fluidity, in 
which it could not be worked, to that free viscid or 
plastic condition necessary for the working. For this 
purpose the bars of the furnace are plastered up. Tho 
great tliickness of tlie walls, and the slow combustion 
of tho fuel, which is supplied in moderate quantity, 
keep the furnace hot ciiougb to retain the glass in a 
workable viscid state diming the period in which tlie 
glass is blown or otherwise shaped into the required 
forms. 

Tho reactions which take place in the pot or crucible 
are very easy to understand. For example, if tho silica 
has been mixed with carbonate of soda and car- 
bonate of lime, tho silica, at a high temperature, seizes 
on the soda and lime, and the carbonic acid is disen- 
^god. In the same manner, if silica has been mixed 
with carbonate of ])otasaa and minium, this lust returns 
to the state of- massicot, and the silica then combines 
with it and the potassa. Thci’o is, tlicrciorc, in tliis 
case, first a disengagement of oxygen, then an elimi- 
nation of carbonic acid. 

These evolutions of gas which constantly accompany 
the production of glass, explain the presence ot the air 
hubbies already mentioned as so frequently observed 
in the vitreous mass. 'I'o expel those, it has been 
stated that the temperature must be laised very high, 
tliat the glass may become quilc fluitl. But as 11 lo j 

potassa and soda may be volatilized at tbi.s high degree i 

of licat, one is obliged to introduee into the eoinposi- j 

tions much more potassa and .'-odii than the glass is 
intended lo retain. I 

This elevated temperature is also necessary in all | 
cases where irnjjure alkalies arc used. Tlie pres( nee of 
the chlorides, and even tliat of the Rul}>hates which molt 
without mixing with the glass, would iv^casion in the 
latter a multitude of white and opaque iiodiilca dis- 
seminated through its mass. At a high heat both 
of these matters, being ligliti v than the glass, rise and 
float on the Bmhice, constitiiLing the ju'inciiial jiorlions 
of tlic glass-gall or bandi\er above alluded to. It must 
be stated, how’ever, that ever since tlie salts of soda 
have been sold at a low jirice, and are coiiBequeutly 
generally used, very little glass-gall has been produced 
in the manufiicture of the ordinary kinds of wJii^ glass; 
but in bottle-works this impurity always occurs, because 
crude sodas are employed. 

Faults in tiik Glass. — Notwithstanding ^ull the 
precautions that may be taken, air-bubbles frequently 
remain, and generally exist in great number Uie 
fining process lias been obstructed by too great 
of fusion in the glass. They are technically' ^riuod 
sced^ blihe^ or blister, „ 

Two further accidents to which tlio glas$ are 

known as threads or strings y which ore con- 
tracted during tho blowing, when cold of 

drop into the viscid or imperfectly melt^ jqictal, and 
not having time to undergo fusion reinaiu }iard, and 
appear os unsightly projections from the bloWn vessels. 

Waves and striee are faults of too common oCQurrence, 
arising from a want of homogeneity in the vitreous 
mass. Tho latter of these terms is applied to ft® 
cfToct produced when the density of the glass, in CCtif . 
sequence of imperfect fusion, is not uniform throughosij^ , 



GLASS WonKTNa Tools. 


207 


and all tho parts, though ^ual in transparency, do not 
refract the light equally; and consequently, images of 
objects seen through the glass appear out of place or 
distorted. This fault is very objectionable in plate- 
glass for mirrors or windows, as well as in crystal or 
flint-glass for optical purposes. W<m)C8 are superficial 
and protuberant strife, which always occur when the 
glass is blown too cold. 

A not less serious evil, which is frequently a source 
of color in Uie glass, arises from the action of the 
alkaline vapors upon the constituents of the sides or 
roof of the furnace, particularly when cWorido of sodium 
or sulphate of soda is used in the manufacture. The 
volatilization of the alkali, whether soda or potassa, 
produces over the pots a rapid vitrification of the bricks 
of the vault, and hence drops of colored glass, known 
hy the name of tears, whicli occasionally fall into tlie 
pots. These are produced by the silicic acid of the 
bricks combining with tbo alkali, and forming with it, 
anti with the iron and alumina of the clay, a green and 
very infusible glass, whicli siriks to the bottom of the 
pot from its greater density, leaving in its course a 
fibrous tail which remains in the glass. Imperfections 
of the same kind are produced, though less frequentl}'', j 
by the action of the glass upon the walls of the pot 
itself. 

According to KtuN, the drops of aluminous glass may 
bo prevented from falling into the pots by constructing 
the latter and the arch of tlie furnace in the manner repre- 
sented in Fig. 144. In this case the portion of the wall 
of the fiiniace, which comprises the working liolo, n, is 
made so large that drops, fallirjg perpendicularly from 
any protuberance or irregularity, h, can only reach the 


FIfj. 144. 



size working hole is reduced to the proper dimen- 
sions bi^^^,'48econd loss solid arch, i>. Another plan, 
mentioneu^^' Knapp, is to make tlie working hole in 
the perpemjto^a-r wall of the furnace, and to spring the 
arch of such,.a form that the angle of the part over the j 
pot may bo shfllcient to cause the tears to flow down 
the arch insto^d of dropping into tlio pot 

Working Tools and Apparatus. — ^The tools re- 
premted by Blancourt, in liis work On the Art of 
©too, which was printed at London in 1609, are almost 
pnkHsely the same as those now in use; and the author’s 
nccoutit of their mode of working might almost be taken 
OB a description of the modern process. To these 


curious on the subject^ Blancourt's description is well 
wortliy of perusal. 

The most important of those instruments is the pipe, 
on the end of which the glass is taken up by the work- 
man, and blown into spheres or bulbs, to be subse- 
quently shaped into diflorent forms, as will be after- 
wards described. A section of this indispensable in« 
strument is shown in Fig. 145. It is simply a tube, 

FIff. 145. 

, 

0. CP 

composed of wrougbt-iron, four to five feet long, ono 
inch thick, and about one quarter to one inch in tlie 
bore. It is provided with a knob at each end, the one 
of which, £», serves as a mouth-piece, whilst to the other, 
h, the melted glass is attached. The upper portion is 
surrounded by a woodten cover, c, to protect the hands 
of the workman from the heat of the metal. A com- 
panion to this instalment is a solid iron rod, known as 
WxQpontil or which serves to receive the glass after 
it is blown on the pipe. The spring-tool, A — Fig. 146 

Fig. 148. 


A 



— is a species of t«uigs for laying hnUl of half-foinied 
handles, and for seizing the glass wliilo making. The 
imcdlas, n, have prongs resembling tlie cutting part 
of shears, but blunt, and are used for rubbing the out- 
side of solid or hollow glass, and pressing it into smaller 
diameter, at the same time elongating the parts by 
rotation. The battledore, c, is made of wood, and is 
used for flattening the glass when necessary. The 
shears, D, are strong scissors for cutting and shaping 
the edges and handles of glass vessels while in a soft 
state. The fork, E, is employed for carrying tho 
finished articles to the annealing oven. 

An important part of the glass-blower’s furniture is 
the marver, which consists of an iron plate or slab, rcstirig 
on a stone or on wooden supports, and having a polished 
surface, on which the mass of glass that has been 
gathered at the end of the blowing tube is rolled, to 
give it a symmetrical form . The term marver Is detii^ed 
from the French marbre, a marble slab being formerly' 
used. Tho glass-maker's chair — Fig. 147 — iB a flat 
seat of wood, about ten inches wide, each end of Whick 
is fixed to a frame connected with four le^ and two 
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inclined arms, upon which is screwed an edging of 
wrought-iron for rolling the blowing tube with the hot 



glass backwards and forwards with the lelt liand, while 
the required form is given to the glass with the pucellas 
held in the right. 

Continual rotation of the molted mass is the jirliicifiid 
point to bo attended to in most of the glass-blower’s 
operations ; but those will be best described in connec- 
tion with the special manufacture of the different varie- 
ties of glass. 

SPECIAL MANUFACTURE.— A visit to the glass- 
house will convey a much more vivid idea of llic beauti- 
ful art of the glass-blower, and the wonderful materidl 
with which he works, than the most elaborate written 
description or pictorial illustrations. There is, more- 
over, so much of the mechanical connected with the 
fabrication of glass, that great part of it does not pro- 
perly fall within tlie scope of this work. In proceeding, 
therefore, to describe the details of the different depart- 
ments of the manufacture, tlic Editor will dwell ns 
briefly as possible on tbosc operations which do ' ot 
involve the application of chemical agencies. 

The arrangement to be followed will be soracwliat 
similar to that already indicated, as adopted by Knapp, 
but with some important modifications — beginning 
with the coarser or commoner qualities, and rising by 
a natural gradation to the finer and rarer kinds of glass 
manufactured for optical lenses or ornamental purposes. 
On this principle, tlio following arrangement will 
embrace all that is necessary : — I. Ordinary or 
Green Bottle-Glass. II. White Bottle-Glass, 
including refrewtory Bohemian and Foreign ermon, 
III. Window-Glass, embracing— 1. English crown^ 
and 2. Sheet or cylinder glass. IV. Pi.ate-Glass, 
with the process of silvering mirrors. V. Cicystal or 
Common Flint-Glass, and Optical Flint-Glass. 
VI. Strass and Colored or Stained Glass. VII. 
SoLURLE Glass. 

I. Green Bottle-Glass. — The materials for com- 
mon glass bottles are coarser and cheaper than for any 
other kinds of glass ; and, in consequence of this very 
coarseness or want of refining, the elements which 
enter its composition are more numerous, consisting, 
as already stated, of silica, lime, potassa or soda, oxides 
^ iroR and manganese. Tliese last oxides communi- 
cate a color to this glass, which owes, at th^ seme 


time, a part of its characteristic hue to the charcoal. 
Indeed, as the color of bottle-glass may be consMered 
as essential to it, or at least does not injure its ss3c or 
dimmish its value for the purposes to which it is 
applied, no decoloring materials are used, and It is 
melted in open pots, even when coal is used as the 
fuel, which is always tlie case in this counti*yi The 
omission of decoloring materials forms tlie distinguish- 
ing feature in the manufacture of ordinary bottle-glass. 

Materials. — The English laws, till lately, prohibited 
tlio use of fine materials for making ordinary bottles. 
Nothing but the common river sand and soap-boilers’ 
waste was allowed. About throe parts of waste, con- 
sisting of the insoluble residuum of kelp, mixed with 
lime and a little saline substance, were used for one 
part of sand. This waste was first of all calcined in 
two of the fire arches or revcrberatorics reserved for 
that purpose, called the coarse arches, where it was 
kept at a red lieat, with occasional stirring, from twenty- 
four to thirty hours, being the period of a journey ox jour- 
nee — a day — in which the materials could bo melted 
and worked into bottles. The roasted soap-waste was 
then withdrawn, under the name of ashes, from its arch, 
coarsely ground, and mixed with its proper proportion of 
sand. This mixture was now put into the fine arch, 
and calcined dtiring the working journey, which ex- 
tended to ten or twelve hours. Whenever the pots 
! were worked out, that frit was immediately transferred 
into them in its ignited state ; and the founding process 
proceeded with such dospatcdi, that this first charge was 
completely melted down in six hours, so that the pots 
might admit to be filled up again with the second charge 
of frit, which was founded in four hours more. The 
heat was briskly continued, and in the course of from 
twelve to ciglitccn hours, according to the size of the 
pots, tlic quality of the fuel, and the draught of the fur- 
nace, the vitrification was complete. 

At the present time, in choosing ingredients for 
bottle-glass, economy is tlie chief object; color and 
appearance are hero of no moment. Little soda or 
potassa is admitted into the comi)Osition of this descrip- 
tion of glass ; and, as the carbonates of these bases are 
costly, it is usual to employ in the bottle glass-vorks 
only recent ashes or wraek-soda to furnish alkali. 
Moreover, the oilier materials are taken in a;:atat6 of 
imjnirity fit only for bottles, 

nic primary materials of the manufacturii of this 
kind of glass are yellow and fcmiginous Ban(36|j rerodues 
proceeding from the lies of the .soap and 
lixiviated ashes, common ashes, wrack sodas, clay. 

The colored sands are even ]jroferable 
for bottle-glass, the oxide of iron, which 
performing the part of a flux. They require 

any washing or other preparation ; neyiftfiMce®, any 
coarse foreign substances, such as flints, ct 

cetera^ are separated from them. Fdt ihfe putpose 
they are dried, and passed through a siov^; The clay 
best adapted for bottle glass is a yellow marly eattli ; 
it is furnace-clay, containing, therefore, alumina, cdiica, 
carbonate of lime, oxides of iron and manganese ; it 
I has not much of a binding quality, and is easily rediw^d 
! to powder when dry, which facilitates the mixtures* 

I The ashes are generally obtained from comul^ 


OLASS-~€rREEN BoTTI^B-GIiABB, 209 

domestic fires* Those are preferred oa the Continent 
whidi proceed from the comhnstion of new wood or 
charcosd. They are sifted and dried before using. 
The wraok*soda is employed in a powdered state ; it is 
oven passed through a vezy close wire meve. 

The following is given by PtTKAS as the usual pro- 
portion ci these materials : — For 

OltnXSAaY FBBNCH DQTTLB<OZ*ASB. 

SO- 40 pounds varec. 

100-170 u • • • * * lixiviated ashes* 

80- 40 ,f fresh ashes. 

80-100 ,, clay containing iron. 

100 „ broken glass. 

The proportions in English bottle-glass are dightly 
different 

SaULISn BOTTLE-GLASS. 

100 pounds lixiviated ashes. 

40-00 „ kelp. 

30- 40 „ wood-ashes. 

80-100 „ clay. 

100 „ ciillct. 

The amount of cnllet is not particular ; it is increased 
for the first and second melting, when new pots arc 
used. If a very argillaceous sand is employed, it is 
necessary to suppress the clay, {ind supply lime by a 
suitable addition of challf. Natron or crude soda may 
1)0 used to replace the potassa yielded by the varec ; 
but in this case care is taken to add to the mixture a 
certain quantity of fresh ashes, that the glass may not 
be wanting in potassa. 

The proportions given in the preceding recipes, as 
well as in those tliat follow, are calculated for one 
hundred pounds of sand 

FOR CHAMPA ONE BOTTLES, ACCORDING TO JAHKEL. 

200 pounds felspar. 

20 „ lime. 

15 „ common salt. 

125 „ iron slag. 

ORDINARY (iUEKJjf UOTTLE-GLASH. 

72 pounds lime. 

, 280-278 „ lixiviated wood-ashes, 

DARK GREEN BOTTLE-GLASS. 

, 20 pounds dry Glauber V salt. 

18 ,, soap-hoilerH* flux. 

1 „ ScheflVi — PniflH. — lixiviated ash. 

.' B9 „ glass from the hearih, 

. :179 ,, green cullot or broken glass. 

45 basplt. 

— The melting-furnace for bottle-glass com- 
moiily, contains only six pots. Those are about throe 
feet ln|»j&ight, and nearly the same in diameter. They 
arc -almost to the edges ; and when the matter 

has OTW Jbwn, and is converted into a glass, more of 
the oom]|^i|;ion is put into the pots, and tlio fire is 
UTge4. ,T|t0 meltings are rapid ; for ns most of the 
battle*gta«li(, tjompositians furnish but little glass-gall, 
no time is fast in fining. The process lasts from seven 
to eight h^rs, and, when it is concluded, the fire is 
slaokepedy ^at the glass may thicken to the point 
suitable for working it. For this purpose the fire-place 
il Wfiped np with small coal, draughts are intercepted 
; SB tnjmh as possible, and care is taken not to touch the 
, fire during the working of the glass, lest the combustion 
ifiiould be re-cxcited. 

; } VCU.. II, 

Mechanical Opmiwm . — The working or shaping 
of bottle-glass is veiy simple in principle, and yet the 
operations involved are somewhat CDm|ito in detail, 
l^ese may be summarily stated as foUows: — ^The 
assistant collects or gatihere on the end of the pipe — 

Fig. 145— -the requisite body of glass, and passes it to 
the blower, Tlie latter, by blowing and constantly 
tundng the pipe, gradually forms the body of tho 
bottle, which is finished in^ mould* While the bottle 
is in the mould, tho workman continues to blow and 
to turn. He then raises tho pipe, and, holding the 
bottle in a vertical and reversed position, he depresses 
or hollows the bottom. The bottle is then cut at the 
neck, and tho iron rod termed tho ponty fiiod at the 
opposite end of it ; the edge of the neck is rounded, and 
the ring or cord which encircles it is put on, as also the 
seal, if the bottle is intended to have one. The ponty 
then passes into the hands of tho assistant, whose duty 
it is to carry it to tho annealing furnace* He there 
detaches it from the rod by a slight blow. 

Such are the chief operations of tho process of 
bottle-making, as described by Dumas; but as this 
manufacture affords a good instance of the dexterous 
manipulations which are practised in blowing glass, a 
su])joct deeply interesting to the practical chemist, tho 
following more detailed account, which is given by 
Knapp as descriptive of tho mode of working carried on 
in Spessart, will be not unacceptable to tho reader 

As soon as the working holes are opened, and tho sur- 
face of the glass is cleared from sandiver or glass-gall, 
tho workman attaches as much melted glass to the end 
of tho pipe as ho considors necessary for the production 
of a single bottle ; his eye and hand are here unfailing 
guides as to the requisite quantity. By dipping tho pre- 
viously warmed pipe into the pot, a little glass remains 
attached to tho end ; after turning this in the air before 
the liolo until it is cooled, and blowing slightly into it to 
render it hollow, a fresh layer of glass may be attached to 
it in the pot ; to this, a third is added in the same man- 
ner, until the hall at the end of the pipe has accumulated 
to a sufficient size, a — Fig. 148. That this ball may 
become uniformly tractable in tlio subsequent forming, 
it is held by the workman in the flame of the furnace 
througli the working hole; it is then brought into one of 
the round concavities of the mnrvery h, which is wetted 
or moistened when used. Here the ball gradually as- 
sumes tho form of a thick hollow globe, or rather pear- 
shaped vessel. It acquires this shape by the constant 
rotary motion given by the workman to the pipe, whilst 
the cooling and stiffening of the mass is rendered uniform 
by tlio nmrvcr, and is prevented shrinking together by 
constantly blowing into the tube with very little force. 

Tho mass of metaJ^y which, as already shitcd, is the 
technical term applied to glass during working, must 
be equally distributed round tho axis of tho instrument^ 

^d advanced in front of its mouth, being connected 
witli it only by a short neck. Towards the front part., 
where tho subsequent widening occurs, and tho mo^B 
is blown out, it is thickest; tlie portion nearest the pipB 
is loss massive, ; 

Thus far advanced, the glass has again becpififinool, 
and is re-heated by insertion into tho 'Wprkmg hole, Jn 
such a manner tlmt the front part roe^as ,tbo chief 

' 2 i> ^ ■ , 
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porUoD of tho heat, aud bccoxocs the eoflor. The pear- 
shaped vessel is now lengthened by the blower, and its 
form is made somewhat to resemble that of a bottle by 
a threefold operation : by blowing into the tube with 
greater force, Bidnging it backwards and forwards in the 
manner of a pendulum, and by a simnltaueous constant 
rotary motion of the pipe round its axis. The globular 
form which the glass tends to assnme under the influ- 
ence of blowing, is oonvoftod into a long, thin egg- 
shape, €f by the swinging motion, and so much the more 


Fig. 148. 



Its the lower temperature at the extremity is less favor- 
able to the formation of a globe, than to the lengthen- 
ing of the neck. The rotation round the axis of tlie 
pipe is an essential part of every operation in glass- 
blowing. The glowing mass of glass creates a power- 
ful current of air in an upward direction, and the lower 
portion becomes cooled in consequence much more 
than the upper. This naturally creates an inequality 
in the resistance ofTcrod to the blowing, and the upper 
portion would ho more expanded than tlie lower, if the 
cooling influence were not allowed to act upon all parts 
of the surface alike, by tlie revolving motion of the pipe, 
and this is particularly the case when the latter has to 
bo held in a horizontal position. 7’he mould, d, which 
is a simple cylindrical hollow block of wood or iron, 
is placed at the side of the workman who is blowing 
tlie pear-shaped vessel ; into this he inserts the vessel 
as soon as it has acquired the proper thickness, in the 
manner represented in the figure, and by blowing forci- 
bly into the tube, be presses the glass firmly against tlie 
sides of the mould, whilst, by a kind of jerking motion, 
the neck is drawn out to the proper length. The un- 
finished bottle, which as yet has no bottom or mouth, 
is again warmed in the working hole in such a manner, 
that the lower part only is heated, whilst the other pai-t 
! remains comparatively cool. In the meantime, anotlier 
workman or a boy has attached a small quantity of glass 
to the polity or pontil, which is also kept hot in the work- 
ing hole. Both workmen now stand opposite to each 
other; and whilst the pipe and ponty are kept constantly 
turning, the latter is forcibly pressed against the middle 
of the lower part of the bottle, which is thus forced in- 
wards, and an even edge is produced, upon which the 
Mtle may stand steadily. The bottle romaina for some 
tnoments. between the two instruments, as shown at /, 
nnili by the implication of cold iron or a drop of water, 


the neck can be separated from the pipe. Thie is 
an operation of constant recurrence in the glass-house, 
and is offeoted by a sudden change of temperature 
produced at the point of separation in the hardened 
glass, either by the cold application of a drop of water, 
or by the powerftil heat of a red-hot iron, or thread of 
liquid glass from the pot The point of separation 
must often be re-heated, to cause it to fly on the ap- 
plication of cold water. The bottle is now supported 
by the ponty, as shown at c, so that the neck can bo 
warmed, and th6 sharp edges melted round without 
softening the dther parts. A rotating motion is then 
given to the red-hot neck, the pipe being rolled back- 
wards and forwards upon the kiices of tlie workman. 
The bottle tlien revolves upon its axis, as if it wero 
placed in a latlie, and it is only necessary to press 
the pucellas, B — Fig. 146 — or an iron instrument like 
a turning chisel, against the mouth, to widen or 
reduce it to any rtMiuired dimensions; the rim for 
strengthening the neck is formed from a drop of glass 
taken from tlie pot by the edge of the flask, and 
wrapped round the moutliin the form of a thick thread. 
The bottle, which is now finished, as shown in tlie 
last cut, is immediately earned on the ponty-rod to 
the annealing- oven by a boy, piislied into its pr()[)er 
place, and the ponty-rod is finally detached from the 
bottom of tlie bottle by a sudden shaiq) jerk. The 
place where tlie ponty was attached is perceptible in 
every bottle blown in this manner, by the sharp edges 
where tlie fi'acture occurred. 

Large romid bottles are blown without the use of a 
mould, and when of a very great size, like the carb(>yp 
for sulphuric acid, the aid of steam is called in, by 
spirting about an ounce of water into tlie interior, and 
holding the mouth of the pipe with the tliunib. Bottk^s 
in the shape of a llatiened globe, are also made without 
any moukl by simple blowing. I’lie preparation of the 
mass of glass, the formation of the concave bottom and 
of the neck, is in this case efTocted in precisely the same 
manner as above ; the swinging motion, however, must 
not be continued for such a length of time, as the bottles 
required are shorter. In blowing tlie belly of the bottle, 
the workman stands in front of a slanting boAri^vaud 
presses the globe, as it is gradually formed by dow 
blowing, against the board at every half rovoIii|i}ion of 
the pipe; the flat surfaces on opposite sidee ai^.thus 
produced. • 

As the greater number of bottles are neccssftrily sold 
with a legal stamp upon them, and as tlieir 
must be suited to the standard measures of 
the fulfilment of these conditions presuppoBe|^Wjp^* 
ordinary degree of dexterity and correctn€S«|f5if!^ib in 
the blower. Attempts have coDBequenliyiSjj^ m 
by many inventors to furnish the bot.tlo-i^i||w with a 
mould of such construction as would hbn to 

secure the formation of a bottle, perfect, feiSli m regards 
form and capacity, at one single operatii^ witiiout 
reliance upon his own correctness of sigbt* The use 
of moulds of this description, like that of Rickets, 
which is easily managed, affords a great saving 
and the repeated heating of the bottles is unnecessiny, 
The mould consists of a body, which forms tho belly 
of the bottle, and of four other parts, a fixed bottonii^ 
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pifte with a movable pisttm for forming ihe concavity, 
and two movable pieces for Hie neck. Two treadles 
set these diiferent parts in motion. As soon as the 
workman has introduced the hollow lengthened globe 
into the belly of the mould, by pressing With his foot 
upon the first treadle, he brings i^the neck piece, then 
forces the glass into contact with all parts of the mould 
by a powerful blast, and finishes the bottle by working 
the second treadle, which forces the pestle against the 
bottom. On the removal of the pipe, the rim is all 
that remains to bo perfected. — Knajpp, 

The circle of operations above described is continued 
with much quickness, four or five men being able to 
make a hundred wine bottles in an hour ; and, with a 
few modifications, according to the size, shape, and 
purpose of the bottles, may be taken as a general 
exemplification of the mode of proceeding. The vicinity 
of the Tyne on the Wear is abundantly supplied with 
many of the requisites for bottle^making, and hence the 
inauiifacture is there largely carried on. 

Cha?npagne and Aerated Water Bottles , — The uses 
of bottle-glass do not require to be explained in detail, 
but it is necessary to say a few words with reference to 
bottles intended to resist a high pressure, such as those 
for holding champagne, and still more in this country 
for holding aerated waters, which are now manufac- 
tured in immense quantities. Bottles employed for 
such purposes undergo an Uitcnial pressure, which 
readily i>roduccB the fracture of weak vessels, and this 
occasions a loss which is always considerable, and 
often disastrous. It is evident that this might be 
diminished by testing all the bottles under a pressure 
the double of that to which they are inlended to ho 
subjected, and accordingly different machines have been 
invented for this puri)ose, by means of which water is 
forcibly pumped into the bottles, until the indication of 
the nuinometer shows them to have withstood a suffi- 
cient degree of force. Dumas states that, from the 
experiments made by the Socicte d' Encouragement ^ 
champagne bottles were found to stand only when they 
were capable of siipporting a pressure of twelve atmo- 
spheres. He adds that tlio mode of filling and annealing, 
aa^efl as tile form of the bottles, must exercise a great 
infiueh^, which it would be necessary to find the 
meahl of estimating; also, that perhaps it would be 
desw^al^jO to leave a larger unfilled space in the bottles, 
and to W them only after a careful annealing in boiling 
wateti Knapp remarks, that although every bottle, 
wil^‘‘^ite filled with water and containing no air, will 
buret in the belly from a slight blow on the cork, in 
CohSijjiiili^nce of the sudden force being communicated 
from twj ]|quid to the sides, yet champagne bottles will 
often wi|)l^tand a pressure of forty atmospheres and up- 
wards, e^^aj to six Imndred pounds on tiio square inch. 

n. WklTE Bottle or Chemical Glass.— Under 
this head may be included white glass for medicinal 
bottles chemical purposes, refractory Bohemian 
glass for tiblng, et cetera^ and foreign crown. The most 
material fbr bottles is furni^ed by flint-glass 
tsr distal, but Ibeso are only intended for ornamental 
arSolfes or vessels for tbo table, and will be alluded to 
liflder Flint-glass. 

The general character of white bottle-glass consists 


in this, that it is composed of purer materials than the 
green; decoloring matters are used, and the materials 
are selected as free from iron and alumina as pCMSsible. 
Moreover, in this case the glass is subjected to a thorough 
fining process. The following are given by Knapp as 
general standards of %>mposition for different varieties 
of glass of this description : — 

POE apothboaetes’ PmALS. 

100 pounds white BROd. 

30- 35 “ potftssa— impxije. 

17 hme. 

110-120 “ 

•^25-*5 biuoxido of manganeso — cullet 

BOHEMIAN CEXBTAX FOB eillNWKG. 

100 pounds white sand. 

0-60 “ puriiied potassa. 

8 “ chalk. 

40 “ broken gla-ss. 

•75 “ mangaueae. 

6EMI-WMITB. 

100 pounds sand. 

1 00 ** crude soda, containing lime. 

100 cullet. 

•5- 1 “ ,inangane»e. 

100 pounds sand. 

30 “ polassa* 

18 « lime, 

decoloring matters. 

CLEAE WHITE. 

100 pounds sand. 

65 calcined potassa. 

6 fallen lime. 

100 “ white cullet. 

■5 “ niauganesti- 

WniTE GLASS FOB CHEMICAL FCRPOSEB. 

100 I'ounds while Baud, 

41 *4 “ i)olussa. 

17-5 » lime. 

Bohemian Glass, — Tlic coarser qualittes of this kind 
of glass are analogous in composition to. bottle-glass, and 
are distinguished by conijiarative freedom from color, 
great lightness, and their very refractory nature, which 
renders them capable of resisting not only high heats, 
but sudden changes of temperature. Ilenco the value 
of this glass for chemical puq)osefl, such as tubing, re- 
torts, et cetera. Its lightness, and the almost total absence 
of coloration — when it is made with pure materials — 
cause it to be highly valued on the Continent for table- 
ware, where it is also employed to make costly windows 
for tine buildings and carriages, for covering engravings, 
and in general for aH those uses which require the glass 
to have a considerable thickness without coloration. 
In common with crown-glass, it is also peculiarly fit for 
optical instruments, in which it is employed to achro- 
matize the flint-glass. Those remarks apply to the 
finer qualities, for which Dumas gives the following 
choice of proportions: — 

Quart?’, in powder, or fine Riliciens sand^ 

washed w ith hydrochloric acid, lOO DO' 120 100 

Purified carbonate of potassa, ........ 60, 64 66 75 

Very pure carbonate of Uuio, :X> 24 25 50 

In a Bohemian glass of old manufacture, DukfAS 
found 


Bilica, 69*4 =: 36 oxygen. 

Alumina, 9*6 = 4‘4S) 9*04 

himo, 9*2?=: 2*57 VoxygeB of 

Potaiisa, 11*8 rs 4*^9) the W4fi. 
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which would give esactly the proportion of 1 : 4 be- 
tween the oxygen of the bases and that of the add. 
On the whole, Bohemian glass may be described ae a 
silicato of potossa and lime, with a small proportion of 
alumina, magnesia, and other ingredients. This will 
be obvious from the following analysis of a glass, taken 
by M. Pekdonnet from a manufactory at Nouvelt, and 
analysed by M. Gros in tlie laboratoiy of the School 
of Mines at Pai*is : — 

Silica, 71*6 = S7*l Oxygen, 

Lime, 100 = 2*81 

PoUs8a, 11*0 = 1*86 

Alumina, 2*2 = 1*02 I « 

Magnesia, 2*3 = 0‘8y j ‘ 

Oxide of iron, 3’9 = 1*20 

Oxide of uiangoucbC, 0*2 = 0*05. 

101*2 

Here it will bo noted, that tlie silica contains 
about five times the aggregate oxygon of the 
bases. It will be observed also, that in Bohe- 
mian glass potassa takes tlic place of soda. 

Tuhe-drawimj . — Though tubes may bo formed of 
any kind of glass, yet, for chemical purposes, and more 
especially for resisting a high temperature, the Bohe- 
mian or German tubes are the best. This may, there- 
fore, bo a fitting place to introduce some account of the 
curious operation of tuhe-draicimj, which depends on 
the singular fact, that when a hollow lump of glass, for 
instance a globe, is drawn out whilst hot, the carity in 
the interior is always preserved, even when the glass is 
drawn out to the tenuity of the finest thread. The 
operation is described by Knapp in the following 
terms : — 

Whilst one man collects the necessary quantity of 
glass on his pipe, and blows this out to a very massive 
globe, preserving a uniform 
rig. 149. thickness of tlie sides as 

much as possililo — Fig. 1 49 
— tiio other attaches a drop 
of glass to a ponty-rod, and 
warms it on the fire by the 
stele of the globe. Both instruments arc tlieii removed 
li om the fire at once, and the ponty-rod is pushed forcibly 
against the globe in such a manner as to form exactly 
a straight line wiUi the jtipo, as represented in Fig. 150, 


Fig. 150. 



• Fig. 151. 


where A is the pipe, and b the polity. This being 
accom])li8hcd, one of tho workmen retires backwards 
as quickly as possible, to tlie distance of fifty, sixty, 
or one hundred feet. In this operation tho globe at 
first shrinks, as is represented at a, in Fig. 151, and 
forms the commencement of the tube, which soon 
nools; and does not diminish in thickness, whilst the 
mass of glass i» spun out by tho constant drawing 


from the warm end. Continnal rotation of the pipelkid 
ponty-rod is here as necessary as in all ibe other 
operations of glass-blowing, or the part of the tube 
neatest the ground would cool quickest, and the Inbe 
thus assume an irregular form. This, however, does 
not prevent the tube, in consequence of its great 
length, from sinking in the middle like a stretched rope, 
and it becomes, consequently, thicker at the two ends, 
a£ is represented in Fig. 152. The curve in tho tube is, 
however, remedied by placing it on a ladder before 
it has become perfectly set; it then straightens, and is 


cut into lengths of four or six feet each, by taking hold 
of it with a cold pair of tongs. Tubes cool very uni- 
formly, in consequence of their small amount of metal, 
and diey ore, therefore, not phiced in the annealing 
oven. Lastly, tho boro of the tube is dependeui upon 
the length to which a given mass of gloss is stretched, 
or, the length being the same, upon the mass of glass; 
the stoutness of the tube is, however, dotermiiied by the 
thickness of the sides of the original globe, as the 
relation between tho thickness of the sides and tlie boro 
is not altered by drawing. Wide, thin tubes — such os 
are used for spindles, et cetera — ^must therefore be 
drawn out of a largo thin globe, and vioe versd: it 
is necessary, however, whilst tho tubes arc drawing 
to blow into them, that the sides may not sink in, 
— Knapp ^ 

Foreign Crcmn-Gla&s . — The name of crown-glass is 
limited in this comitry to that which is formed into 
circular tables by the prucesfl of blowing; but the crown- 
glass of the Bohemian glass-houj^cs assumes the vatfoty 



Fig, 162 . 
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blowing, partly because the forms required are fre- 
quently BO complex as scarcely to admit of their being 
made by liand, and partly bemuse the various indenta- 
tions and projections upon the surface can be roughly 
given by means of a mould, and time and trouble are 
thus saved in the subsequent laborious operations of 
grinding. 

As the beauty and value of this gloss depend upon 
its absolute limpidnoss, the most careful selection of 
materials, both for the mixture and the pots, and a pro- 
tracted and assiduous process of fining aro required. 
Speaking of foreign crown-glass, Dumas remarks that it 
is not an easy matter to arrive at a certainty of success 
in its manufacture. It is evident, he adds, that to obtain 
it without color, one must use potassa, and not soda. 
Even if the soda yielded a colorless glass, it should still bo 
put aside on account of the facility with which glass hav- 
ing a soda base dovitrifies, whicli would render the tliick 
massca that require a long cooling quite milky, and full 
of crystalline and 023aque nodules. Crown-glass should 
thensfore be formed with a potassa base, and without 
oxide of lead ; but lime must also be added. By form- 
ing a glass witli merely a potassa base, there would bo 
no danger of devitrilication ; but the glass would be 
soluble in boiling water, and consequently hygromet- 
rical. This would be a serious disadvantage ; for 
spectacle-glasses or other ‘lenses so formed would con- 
stantly taniish by the deposit of a film of aqueous 
vapor, and in the space of a few years would altogether 
lose their polish. This mcorivciiieucc is avoided by 
adding to glass with a base of potassa a certain quan- 
tity of lime ; but then arises a not less serious evil — a 
proneness to devitiification. Glass with a base of 
l»(>tassa and lime, submitted to the prolonged annealing 
which thick masses intended for large lenses require, 
is apt to assume the milky aspect which indicates a 
commencement of crysUillization in the mass. Thus 
tlie manufacture of crown-glass, as well as that of 
flint-glass — the two glasses iudis]>en8ahlc for tlic pre- 
paration of achromatic objectives — both present the 
most serious difficulties, although from very ditlcrent 
canals, 

lift} Window-Glass. — The glass wdiich has long 
l>ecU w common use for window-panes is that which 
is generally know as EnglUh crown-tjloHS^ in the manu- 
facture of which a large globe is first blown at the end 
of thiSi pipe, and this is converted by a rapid rotatory 
motion |^tO a circular plate or disc thickened at the 
contra. ''f ITntil a comparatively recent period tliis was 
the only method employed in the manufacture of 
wiadoW^glass in this country; but latterly the Con- 
tinental ’^i^Qtliod lias been oxtensively introduced, 
which cbn&ts in forming the globe into a cylinder, 
and then, after cutting it up in a direction parallel 
to the flattening it out into a broad sheet, 
from which it has received the designation of British 
sheet*glaA»i Plate-glasSy or that which is cast into 
sheets by pouring tim liquid metal on a fiat surface, 
is now banning to bo much used for tho same 
pmpqi^ especially for tho windows of shops and fine 
; but as the chief demand for plate-glass is 
flt!& for mirrors and other similar articles, this will be 
tin^ted under a separate head, and in the meantime 


the term window-glass will bo considered as confined 
to EngUah crown and chect-gUm^ which axe composed 
of precisely the some materials, and di&r only in the 
mechanical operationB by which they are brought into 
form. Chemically speaking, they are the same, except 
that the nature of the crown-glass manipulation requires 
a smaller quantity of lime. Plato-glass, on the other 
hand, is fonnod with a larger proportion of alkalL 

Composition , — The materials employed for the ma- 
nufacture of English crown and sheet-glass — ^in other 
words, of window-glass — are chiefly silica, soda, and 
lime. This glass diifors, tlmrefore, from the foreign 
crown and Bohemian glass in the circumstance, that 
soda, as the cheaper alkali, is generally substituted for 
potassa. Sometimes, however, though rarely, a mixture 
of the two is employed. Alumina, oxide of iron, and 
oxide of manganese are also found in window-glass, 
but only as accidental ingredients. It is true, indeed, 
that when iron is present, as is almost always the case, 
tlie binoxide of manganese is purposely introduced to 
neutralize its effects ; and a little arsenic is generally 
added to promote the decomijosition of tho other in- 
gredients. 

Mr. Henby CfiANCE, one of the highest authorities 
on this subject, remarks, tliat to lay down any standard 
proportions for window-glass is almost impossible, as 
no two manufacturers use tlie same ; and even in the 
same works the melting powers of the furnaces may so 
far clittcr as to render necessary, for the production of 
tho v’.ame glass, variations in the proportions of its ele- 
ments. llicuARDSON and Bonauds give the following 
as the mixtures used in some English manufactories : — 



round*. 

Pounds. 

lluudrvdwolgbta. 

Sand, 

. 560 ... 

... 448 . 

.... 16 

Chalk, 

. 154 ... 

. . . 146 . 

5 

Carbonate of soda,.. 

. 119 ... 

... 168 . 


Sulphate of boda,.. . 

.. 63 ... 

... 17 . 

1*25 

A r>ciiic, 

2 . . . 

2 

0 

Cullct. 

. 448 ... 

... 448 



Tho ^introduction of carjbonate of soda, prepared from 
salt, into tlie glass manufacture of England, dates from 
the year 1831. Previously to this, kelp was employed 
as the source of alkali. In the meantime, the French 
manufacturers — released, in 1825, through the exer- 
tions of M. Clement Desokmes, from tho absurd 
veto which the government had pronounced on tlie 
sale of sulphate of soda — were enabled to turn their 
attention to the employment of tins salt instead of the 
carbonate. They proceeded with caution in the intro- 
duction of the new ingredient — first mixing a small 
quantity of sulphate witli a large proportion of carbon- 
ate; then half of each ; and, finally, excluding carbonate, 
they adopted the solo use of sulphate, to tho injury, 
doubtless, of the color of their glass, but gainers by the 
employment of a cheaper and more manageable ma- 
terial. Where absence of color, however, is an object, 
as in tlio manufacture of plate-glass, the exclusive use 
of carbonate of soda is still retained. 

Proceeding cautiously in steps of their foreign 
brethren, says Mr. Chance, the English glass-makens, 
after tliey had established the use of carbonate, ina4e 
tiial of the effiect of a small quantity of sulphate of sc4« 
in a largo quantity of carbonate. The car]i)Qnate gra* 
dually decreased, until at length, in th^ pm^Miration ^f 
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blowii urindow-glaBe, sulphate generally stood alone. 
But here, as abroad, the manufacturers of plate-glass 
still adliere to tlie carbonate. The preceding table of 
three different proportions for crown-glass evidently 
refers to a period when the carbonate still prepon- 
derated in this manufacture also. As the use, whether 
of carbonate or suli)hate of soda, involves their prepara- 
tion from common salt and sulphuric acid, attempts 
have been made to accomplish the direct union of silica 
and salt in the manufacture of window-glass, but have 
hitherto failed of success. The black liottles of New- 
castle are made from common rock salt and sand from 
tho bed of the river, with the carbonate of Ume of the 
soap-works, and the tank waste of the alkali-makere ; 
blit for all better kinds of glass the circuitous combina- 
tion of silica and alkali is still found necessary. 

The following is a French composition, which gives, 
according to Dumas, a window-glass of fine quality ; — 

rnru. 

Ssxnd, 100 

Chalk 35 to 40 

I>ry cfirhonat© of soda, SJ8 tO 35 

Broken glass, 60 to 180 

Binoxidu of mauganesc, O’iiri ) Sometimes in 

Arsenic,. 0*20 / larger quantity. 

Tlie oxygen of the bases in this glass is generally to 
tlie oxygen of tho acid as one to four, 

M. Bastenaire gives the three following composi- 
tions, which Dumas cousiderB too rich in alkali, and 
too poor in lime : — 


White Band, 100 

Good potuttBa, G5 

Lime slaked in the air, 6 

Fragments of ’white glass, 50 

Arseiiioue acid, 1 

Oxide of mangancBe, 0*30 

n. 

PnrU. 

Very whito sand, 100 

Gor»d Bodrt, 00 

Red oxide of lend or miiu\jm, 5 . 

Broken \vhik* glass, 100 

Cnrhonale of lime, 5 

Oxide of manganese, 0-40 

II,, 

Parti. 

White sand, 100 

Good soda, 80 

(Jarhonatc of lime, 8 

Broken glass, 110 

Gxide of manganese, 0*20 

Oxide of cobalt, 0*10 


In none of these French receipts is the sulphate 
introduced, and therefore they may be referred to a 
period anterior to 1825, when, as already remarked, 
the (ml[)hato began to be generally adopted in the 
French glass-works. Dumas remarks that tho object 
to be kept in view in employing this salt, is to render 
its decomposition by the silica as quick and easy as 
possible ; and ho adds, that this is managed by add- 
ing to the mixture a suitable quantity of charcoal, to 
transform tho sulphuric•^acid into carbonic and sul- 
phurous acids. Thus — 

gSOs -f 1C es 2 6 Og -f- CO® 
BvltAiiulc Kcl^. CbATeoal. Sulphuroui add. 'carboi^ add. 

JFor each equivalent of dry sulphate of soda tliere 


is required, therefore, one equivalent of charcoal, or 
else about six of charcoal for seventy-two of sulphate 
of soda. But to avoid coloring the glass yellow, only 
five equivalents of charcoal are employed. Thus, to 
produce a beautiful window-glass, continues the same 
writer, the following proportions are taken: — 

r«rti. P«rti. 

Snnd, 100 .... 100 

Pry Bulphal© of soda, 44 .... 58 to 75 

Charcoal iu powiler, 4 .... 4*5 to 5*5 

Slaked lime, . 6 .... 13 to 15 

Broken glasa,.« from 20 to 100 .... 25 to 100 

Mechanical Operntiem , — It Las been stated that tho 
diQcrence between English crown and cylinder or sheet 
glass, is almost entiridy in tho manijnilation. The above 
materials and proportions apply to both, inasmucjh as tho 
two are the same window-glass in the pot. The specific 
description of those two varieties, if they may bo so 
distinguished, involves, tlierclbrc, oiJy a sories of me- 
cliaiiical operations, wdiieli do not strictly belong to Uie 
special object of this \^ork. Yet, as the present article 
would bo incomplete wdthont sneh details, the Editor 
will here introduce a short account of both processes, 
beginning with crown-glass as the oldest ; and, in 
doing HO, liO begs to acknowledge liis obligations to 
Mr. llENiiY CbiANCE, by whose kindness ho is j>er- 
mittod to present tho reader wdth the fullowdrig ani- 
mated account of tho mechanical part of the inannfac 
tiirc, from a paj)er which was read by that gcntlenian 
before the Society of Arts, in Janiiurj^, I85G. . 

1. EngiUh Ci'ovm (Jhifis . — Assuming one or other 
of the mixture.s or eoinposiiious above given to be 
melted in tho c^o^vn-glass put, represented in Fig. 141, 
Mr. Chance begins by observing, that uponrtho sin face 
of tho melted glass is a ring of firo-chy, which, whiiti 
the materiak were thrown in, lay at the bottom of tlie 
pot, and after the completion oftho melting, found Hnway 
upwards. This ring is of gr^at service, for, floating in 
tho centre of the pot, it prevents tlie exterior surface of 
the metal, or melted glass, whiih bt'comes stiff and 
stringy during the long period of working, from mingling 
with the interior or hotter surface, which thus remains 
througliout of a suitable consistency. The labor, Also, 
of the skimmer, w'hosc duty it is to clear tlie surface of 
the rnetal from any scum or dirt that may collect upon 
it, is considerably diminished by tlio ring, whidl, limit- 
ing the space from which the glass is drawn, also 
tlie space which it is ncccssaiy to cleanse, ^y 
bubbles or impurities in the glass have a tetiljt^b^ to 
attach themselves to the ring. V 

Tho metal, or melti'd glass, having been ty 

the gradual cooling of the furnace, from a 
pletc fluidity to a consistence capable of l^^^i 'Ivdrked, 
the gatherer dips the end of his pipe, or,|ii!^W tod of 
iron, into the pot inside the ring, and it rOtihd 

its axis, to equalise tho thickness of the gatUpritig, Col- 
lects upon the end, or nose, as it is technioapy called, a 
pear-shaped lump of glass, similar to tha4 topresented 
at A, Fig. 153. ilesting his pipe upon a stand or horse, 
he turns it gently round, and allows the surface Of the 
lump to cool, to fit it for a second gathering. So mudh 
glass is collected in this way, in successive layers, lUl 
will form a disc or table of about nine pounds weighty 
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and an experienced workman acldom i’aik more than an 
ounce or two in the correct weight. The lump com- 
pleted, the gatliorer, having eoi^ed his pipe under a 

itrough of water, that 
Im may handle it at 
HI ft point, proceeds to 

H „ c ft glass upon tlie 

marver, or metallic 
ft ft hod, until it assumes a 

ft ft conicsd form, the apex 

T of the , cone forming 

xviiat Is termed the 

■ ' ' htdlLonrpoinU A boy 

now blows dowji the pipe while it is still being turned 
by tlie gatherer on the marver, and expands the gloss 
into a small globe. Having boon heated, it is blown again, 
and assumes the shape of a Florence flask, as shown at 
n, and the future rim of the developed plate or disc is 
prepared hy rolling the piece^ ns the glass under operation 
is technically termed, near the pipe nose, upon the edge 

i) f a marver. Again heated, it is now expanded by the 
blower into a large globe. During this expansion, it is 
imj)ortaTit to keep the bullion-point exactly in the posi- 
sion whicli it previously occuiu’ed, in a line with the 
axis of the pipe. To efleot this, the blower rests his 

j) ipG upon an iron suiiport^ and while he blows down the 
pi[)e and turns it rouml at the same lime, a hoy holds 
against tlie hulliou-point a [)iecc of iron terminating in 
a small cup. This operation is represented in Fig. 154. 
Again presented to 11)0 fire, by the peculiar manipula- 
tion of the workman, and the ])eeuliar direction of the 
I lame upon it, the front of the globe is flattened, the 
possibility of the globe collapsing during this operation 
being prevented by its rajiid revolution round its axis. 
The piece now resembles somewhat in shape an enormous 
tlccanter, with a very flat bottom and a very short 
neck, as at c, Fig. 153. The bullion -point is still to be 
Been in the, centre of the flat bottom, and its use now 





becomes mhuifest. The pipe is laid, horizontally upon 
an iron rest, and a man approaches, having in his hand 
the Urge rod of iron called the pouty, tipped with a 
lump of molten glass. Pressing this lump upon an 
iron point, so as to give it the form of a little ciip, he 
fits it, when thus shaped, on to tlie bullion-point, to 
wh|^ it soon becomes fimdy attached. The lump 
, thtia farmed is called the hMa-eye^ or bullion of the 


dovcloped plate. The incision of a piece of cold iron 
in the glass round the nose of the pipe, and a smart 
blow, soon detaches the pipe, leaving a corresponding 
hole in the flattened sphere, at a point exactly opposite 
the attachment of the ponty, as shown at D in Fig. 
153. The blowing pipe thus removed, and eanying 
with it a piece of glai^ is allowed to lie idle a few 
minutes, till the glass adhering to it has cracked off; it 
is then warmed, and carried back to the pot to repeat 
its course in a similar operation. 

The open projecting end of the piece, which was next 
the now detached pipe, is called the nose, and gives its 
name to the furnace or nose-hole, where this nose is, on 
account of its thickness, heated almost to melting, with 
a view to the next operation. It is now that the glass 



undergoes its last and most dreadful torture in the hands 
I of a mail who, with a veil before bis faco, as shown in 
I Fig. 155, stands in front of a huge circle of flame, termed 
the flashing furnace^ into which lie thrusts his piece, 

I rapidly, meanwhilo, revolving his ponty. The action 
I of heat and centrifugal force combined is soon visible. 
The nose of the piece, or hole caused by the removal of 
the blow’iug pipe, enlarges, the parts around cannot re- 
sist the tendency, tlio opening gr^ws larger and larger ; 
for a moment is caught a glimpse of a circle with a 
double rim; the next moment, before the eyes of the 
astonished spectator, is whirling a thin transiiareiit cir- 
cular j)late of glass, whiiih, but a few minutes before, 
was lying in tlie glass-pot, an indistinguishable portion of 
the molten mass. The sound of tlie final opening of the 
piece has been compared to that produced by quickly 
expanding a wet umbrella. In this way a flat circular 
disc, nearly sixty inches in diameter, or sometimes more, 
is produced, of almost uniform tliickncss, except at the 
point of attachment to the pont}^, where tliere is a 
swelling called, as already stated, the buU’s-eyo. The 
glass at the edge of the disc is also in some cases a lit- 
tle thickened. Still whiiling, the taUe^ as it is now 
called, is carried off, laid flat upon a support called a 
whimsey, detached by shears, or otherwise, from the 
ponty, lifted into the annealing kiln upon a fork, E — ^Fig, 
14G— and piled upon its edge against the preceding tabto. 
The weight of so many tables pressing one 
another, would cause the hindermost to bopii ; but 
. is prevented by the intervention of kon or dros« 
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Bors, which divide the tables into sets, the first dn)Bser 
leaning against the wall of the kiln, the second against 
the first, and so on; and thus rendering each set of 
tables independent of those behind it for support As 
the buirs-eye, or centre lump, which the ponty has left 
behind it, keeps each table from close contact with its 
neighbors, the air passes freely between them, and the 
annealing is completed with tolerable rapidity, varying 
from twenty-four to forty-eight hours, according to the 
number of tables in the kiln. From the kiln the tables 
are conveyed to the warehouse, having, passed, since 
their first exit from the pot, through the hands of ten 
distinct workmen. 

Such, with a few slight additions and illustrations, 
is the description of this most interesting process 
given by Mr. Henry Chance. He adds that tlic pro- 
cess maybe regarded as twofold — first, the development 
of the lump into a sphere; and, secondly, the resolution 
of a sphere into a circular table. Constant rotation of 
the glass, while in a yielding state, is an essential cle- 
ment of this process; as, if allowed to remain motion- 
less, its symmetry would be immediately destroyed. 

A table of crown gloss of to-day, would scarcely 
recognise as of kindred origin a tiible of the earlier part 
of the present century. The principle of the process 
in each case was the same; it is the improvement of 
minute details that produces so different a result. To 
Mr. Hartley and Mr. Chance, who, during the years 
1832 to 1836, gave to the manufacture of this glass 
their constant attention, is owing, in a g? eat measure, 
its present status. 

When the tables of crown-glass are drawn from the 
kiln, they are covered with a whitish film or hum. The 
history of this liiira, continues Mr. Chance, is curious. 
It arose, probably, in the first instance, from the deposi- 
tion of sulidiur from the fuel upon the surface of the 
glass. It thus became associated with the process of 
annealing, and buyers fancied that the more hum there 
was upon the glass, the bettor was the glass annealed. 
The manufacturers of crown-glass, ever ready to ac- 
commodate themselves to the fancies of their customers, 
have taken the troulflo to produce an additional hum 
by the introduction of sulphur in the kiln. Hie mem- 
bers, however, of the Glass Jury of the Paris Exhibi- 
tion, not being in the secret of this hum, stoutly 
maintained that glass thus clouded must he bad glass, 
and that the hum was owing to the exudation of the 
alkali. 

In the warehouse, the tables are laid upon a ncst^ or 
cushion, and are divided by the diamond of the splitter 
into two unequal parfjs — the larger half containing the 
buffs-eye. The diameter of the table is meafoired on 
the nest, the usual size being now about fifty-four inches, 
and weighing thirteen pounds. Tables have been made 
as wide aa seventy inches, but the difficulty of mani- 
pnlatiou, and the uncertainty of the result, render such 
sizes too costly to be general. 

The splitter carefully examines each table before 
splitting it, and turns it round till he has bronght it into 
the position in which he may sjdit it to the best advan- 
tage, announcing at the same time its quality. Tlio 
first quality is called the next, seconds— then 
fourths— CC---CCC or Irish— and tables con- 


taining any very glaring defects, como under the de- 
nomination of coarse. 

These variations in quality depend on the presence 
or absence, number and extent, of those defects to which, 
even in the best regulated manufactories, glass is un- 
avoidably liable. Perhaps the glass has been badly 
melted, and is seedy — ^that is, full of little vesicles, to 
which the rotary motion has given a circular shape. Or 
tlie gatherer may have enclosed air witliin his metalj 
and a gatherer’s blister is the result; or a pipe blister, 
or pipe-scales, or dust from the pipe-nose, or dust from 
the marver, or dust from the bottoming-hole, or dust 
from the nose-hole, or dust from the flashing-furnaco, 
or bad bullions, or scratches, or music lines, may dis- 
figure the table, or the glass may bo crizzled, or curved, 
or bent, or liard, or smoky, or small and light, defects to 
explain which would be a long and dreary task. No 
wonder that tables of the best quality are few and far 
between, in some mamifactories a forlorn hope never to 
bo realized. 

The difficulty of obtaining glass free from defects will 
account for what may at first astonish — the fact that 
the value of a table of the highest quality is three times 
that of the lowest. 

The defects enumerated, many as ihey arc, are 
instantly detected, even tJirongli the obscuring hum, 
by the splitter, who not only can descry faults invisible 
to ordinary eyes, but can refer each fault to a particular 
stage of the process, and to a particular cause in that 
particular stage, and the faults are registered accord- 
ingly. The nomenclature of defects is much facilitated 
by the mapping out of the table into certain ideal divi- 
sions, derived from shapes assumed during various 
periods of the process. The centre lumj) is termed 
the bullion , round this lies the bottom ; next the 
bulge; the shoulder; llie top, and the rim, or the 
outermost edge of the circle. 

Independently, however, of these defects, there are 
certain otlier disadvantages under which even a fault- 
less f able of crown-glass must unavoidably labor. The 
cutting of a circle into rectangular sheets, must neces- 
sarily be attended with waste, while the bullVe}*© 
confines those Hhcots to comparatively small skes. 
Uniformity of thickness, also, except by the most 
skilful manipulation, is difficult of attainment. Wavy 
lines, termed music lines, forming a series of concentric 
circles round tlie buirs-eyc, and owing to the treatment 
of the glass upon the marver, were formerly a <l(0mirten 
defect; but improvements in the process have in a 
great measure removed them. , , 

On the other liand, extreme brilliancy of a 

distingni.shiDg characteristic of this glass, by 

some to the influence of the marver, by to the 
effect of the flashing-fumaco. 

It is this brilliancy of surface wbieSh enabled 
crown-glass to maintain in England its p6sltthn against 
that formidable rival which is now to he briefly de- 
scribed. 

Cylinder^ or Shrd- Glass , — ^Tho above mefbod of 
making window-glass has long been abandoned on tlie 
CJontinent, whei'e tbo glass is first formed into a sfifie- 
roid, tho ends of which are cut off, so as to form it 
cylinder open at both extremities; this is Uien cot 
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lengthwise with shears, or a straight line is traced with 
a drop of water in the direction of the length of the 
cylinder, and over the line so traced a red-hot iron is 
passed, which immediately produces a very uniform 
crack or fracture along Hie whole length* The cylin- 
der, thus split up, is then taken to the furnace to be 
spread of flattened out into a sheet. The glass so 
manufactured^though formed of the same materials as 
crown-glass, is coarser in texture, more wavy and dull, 
but allows of larger sheets being formed, since crown- 
glass can only be cut up into comparatively small 
panes, in consequence of its circular form and Hie 
central biiirs eye. 

M. Bontemps rcmUfks that there is no evidence by 
which to determine the relative antiquity of the crown 
and cylinder glass processes. There is reason to be- 
lieve, however, that even in this country the latter was 
the more ancient, although at a comparatively early 
period it was abandoned in favor of the rotary method. 
The cylindrical process is the only one mentioned by 
'riiEOPHlLUS in Hio thirteenth century ; and Hiis 
method was adopted by the Venetians, as the more 
uniform thickness which resulted from it insured, in 
their colorcil glasses, a greater uniformity of tint. 
But in France, England, and the North of Germany, 
the cylindrical process fell gradually into disuse, as the 
demand for colored glass' diminished, and at length in 
these countries the rotary principle exclusively pre- 
vailed. Bohemia, however, still retained the cylindrical 
method, which she had learned from Venice, and this 
method was reintroduced into France by M. Diiolen- 
VAiJX in 1730 \rith groat success. Hence speedily 
resulted, not only in Franco, but also in Belgium and 
the North of Holland, where the style of building re- 
quired panes of large size, the general abandonment of 
the rotary principle, and the adoption of the cylindrical, 
which continues, as already stated, to bo practised 
universally on Hie Continent at the present day. 

In England the manufacture of crown-glass main- 
tained its position, notwitlistanding its abandonment 
abroad, and attained to such superiority over tlie 
spread or broad glass manufactured on the German 
principle, that the former was used for all houses of 
the better class, while the latter was confined to poorer 
dwellings. The inferiority of this spread glass, manu- 
facturod indeed on the German principle, but by no 
means so good as the German glass, tended to prejudice 
the public against all glass made by the cylindrical 
method* This prejudice was, however, gradually over- 
come, by the establishment in England of Hie manufac- 
ture of Cylindrical glass, according to a process intro- 
duced Franco, and from which resulted a glass 
that has entirely displaced the manufacture of spread 
glass. The latter was so called from, the circumstance 
^at the cyhnder, unskilfully blown, and then cut open 
with sheore, us already stated, was spread out imme- 
diately upon a plate of iron covered with sand. Hence 
nut only was the thickness of this glass very irregular, 
blit its surface very coarse. 

The introduction into this country of the manufacture 
of <^liiidrical gla^ by the French method, was duo to 
t^e Mees^. Ceat^oe of West Bromwich, near Birming- 
ham, and Mr. Hartley, now of Sunderland, but Hmn 
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in partnership with Hie Messrs* Chance, who, on visit- 
ing in 1830 the works of M. BonTEMPB, near Paris, 
were much struck with the advantages nf Hie glass 
made on Hiis principle, and having secured the co- 
operation of M. Bontemps, commenced the process at 
their own works in the autumn of 1832. So great, 
however, were the difiSoulties to be overcome, that it 
was not till 1838 that the fabrication of this glass 
was completely established. Since Hiat time there 
has been great progress, and the sheet-glass now 
manufactured in this country, though inferior in color, 
is in other points generally superior to that of the 
foreign teachers. On this point Mr. Banna TYNE, 
in the new edition of Hie Encyclopedia Britannica^ 
says : — Tlie French, Belgians, and Germans, having 
pursued the cylindrical system for the last fifty years 
in making their window-glass, liave much improved 
the old method of making it ; and as the parties who 
are now manufacturing this article in England — namely, 
the Messrs, Chance and Mr. Hartley — are crown- 
glass makers, and have imported all the improveraeuts 
adopted in the making of sheet-glass in France, Bel- 
gium, and Germany, and combined with these the 
improvements wliich their experience, as crown-glass 
makers had taught them during tlie same period, they 
have 6ur|)assed the French, Belgians, and Germans in 
shoct-glttss, and can now compete with them in all 
jiarts of the world. 

After this testimony, the following account of the 
process for making Britibh sheet-glass, as given by Mr, 
IIiiNRY Chance, one of the partners of the eminent 
firm above-named, will be received by Hic reader as 
of very high authority : — 

Imagine, as before, a lump of glass collected upon 
the end of the gatherer’s pipe. For the metallic table 
or marver is now substituted a block of wood, so hol- 
lowed out as to allow the lump, when placed upon it, 
to be expanded by the blower to the diameter ultimately 
required. The block, during tliis operation, is sprinkled 
with water, to prevent tho wood from being burnt, and 
from scratching the glass. In the meantime the lump 
is slightly distoridc J by blowing, aind, 
having received tlie shape repre- 
sented ill Fig. 156, it is carried 
from the block to tho blowing fur- 
nace, which is accessible HirougU a 
number of holes or openbigs, each 
hole being allotted to a single 
blower. In front of tlio fur- 
nace, corresponding to each opening, is a stage or 
frame of wood, erected over a large pit or well about 
ten feet deep — as represented in Fig. 157 — and these 
parallel stages are sufficiently apart to enable each 
blower to swing his pipe to and fro in a vertical plane, 
that the glass may run freely out, as the pliraso is, to 
the required length. When the glass has been suffi- 
ciently heated in the blowing furnace, it is brought 
out, and held over the liead while blown, until it 
assumes by its own weight the flattened form repr^ 
sented in Fig* 168. It is then swung round in n 
vertical^planc, as well as backwards and forwards, ai^ 
tho blower at the «ame time, by blowing down 
pipe, constanHy keeps tho lengthening cyltokr full qf 


Fig. 16G. 
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air. The first funn wliich the glass assumes in conse- 
quence of the swinging motion is represented in Fig. 
159. If tlie man were to blow without swinging, a 


Eiff. i5r. 



globe or sphere would bo foimod, as indjcat(‘(l by the 
dotted line. Uniformity of substance and of diameter 
is chiefly secured by the skill of the workman, who, 
when he finds the metal running out too freely, icpeats 
the operation of holding the cylinder vertically above 


Fig. 1G2. Fig 161. Fig. ICO. Fig. 169. 



Fig. 1G4. Fig. 163. 


his head, still keeping it well filled with air, Tfliese 
operations are continued until the cylinder has reached 
the length required, as in Fig. 160, 

The next stage of the process is opening the end 
of the cylinder. Tlie thinner kinds of glass are all 
opened by submitting tliis part to the fire, and at 
the same time forcing in air tlirough the pipe, and 
stoijping up its aperture with the thumb. The air 
Is expanded by the heat of Uie firo, and bursts open 
the cylinder at the end, this being the hoUt'st and 
most yielding part. The thick affd uneven margin of 
tbe a^rture thus formed is tilmmed with scissors, lOid 


mo cylinder now appears as in Fig, 161. The aperture 
is then widened out to the full diameter of the cylinder 
with the pucellas, and by turning Uie cylinder to and 
fro with the opening downwards, until by the cenlri- 
I fugol force, and its own gravity, the yielding glass 
assumes a uniform diameter with parallel sides, as 
shown in Fig. 162. ^ 

The ends of the thicker cylinders, ♦ if these wore 
opened in the furnace in the manner a^ve described, 
would be BO thinned out that a considerable portion 
would be trosted. An extra mass of hot glass is there- 
fore incorporated with such cylinders at the end, which 
thus becomes the hottest and weakest part, without 
applying them to the furnace, and tlie air forced in as 
before bursts them open. The opening is then enlarged 
by cutting round it with scissors. 

The neck or cap is now removed by supporting tlie 
C 3 dinder on a chevalot or wooden rest, and turning tlie 
upper part two or three times in the curve of a bent 
iron he.aled to redness, as shown in Fig. 163; a drop 
of water allowed to fall on the heated lino produces 
fracture and separation of the cap. Or, the same may 
be done by wrapping round the end of tlie cylinder ,a 
thread of hot glass, removing the thread, and applying a 
jiiece of cold iron to any part wliich the thread covered. 

The cylinder, as it now lies npon the chevalet, is 
little more in weight than two-thirds of the lump of 
glass which tlie gatherer collected on his pipe. The 
quantity left upon the pipe-nose, with tliat which formed 
the cap of the cylinder, are nearly equivalent in weight 
to one half the cylinder. 

The next operation is to split it open along its length 
in the manner rci>resonted in Fig. 164-. Till of late this 
was uniformly done by means of rod-Lot iron and water 
— a method whicli is still practised on the Continent; 
but in the English glass-works, it is now eflccted w'ith 
gi’catcr certainty and regularity b}" a diamond, which, 
attaclioJ to a long handle, and guided by a wooden 
rule, is drawn along the inside length of the cylinder. 

In performing this operation, it is important to make 
the line pass through, or in the neighborhood of, some 
notable defect or group of defects, if sueb be present, j 
for the lino forms two edges of the future plate, and 
defects brought to the edges arc of lessoned injury to 
its value. An olijcct to bo avoided is the black mark 
wliicb the cylinder sometimes receives from the obar- 
ring of tbo wooden clievalct, on which, while Imt, it 
rested in the gla&s-house. Jf the diamond pailses, in* 
side the cylinder, over the space occupied by this ta^tk 
on the outside, the cylinder will fly to ])ieceB; Tbo 
reason of Uiis, says Mr. Chance, is not difitedt tO ttn** 
derstand. The chevalet prevented, by its 
ducting tendency, that ponion of the glaOS wtitwbtoi 
it was in contact, from cooling equally witi the tost, and 
the particles at that point remained iti aOtfite of tension. 

A careful blower will never place any largo dofoct in 
his cylinder in contact with the chovsJet, being awaro 
of the probable result. 

The use of the diamond in dividing plain suffacos of 
glass, dates from the sixteenth century ; but its appHoa'' 
lion to the splitting of cylinders which bad not 
gone the process of annealing, was introduced dbly 
about twenty yaars ago by M. Claudet, the disfibi^ . ’ 




gnished pliotograpliGr, then a glass manufactui#^ 
Previously, all such cylinders were split by a red-hot 
iron, and, oven now, all cylind^^rs of flashed glass, that 
is, of ordinary sheet-glaes covered inside with a skin of 
colored, are still split in the sanie fashioD. On tlie 
Continent the diamond is gradually roplaoing the use of 
red-hot i'^n, thongli the latter is still the method more 
generally practised. 

Having been split along its length, the cylinder is 
now ready f(#the flattenor, who, having prepared it by 
a preliminary warming in the flue by which it is intro- 
duced into the flaitming-fiimace^ passes it, by means 
of a croppio, or iron instrument bent at right angles, 
on to tlie flatting-stone or sprecidmj-plat^, which 
ought, of course, to be perfectly oven and smooth, as 
the soft glass moulds itself to the surface upon which 
it is flattened by heat. 

sandstone of God- 
stone, in Surrey, has 
been foutid to answer 

* ™ passing over it, and falls 

back into a wavy sheet. 
The effect of the heat is assisted by spreading out the 
softened sheet, A, with an iron rul(T, c;, introduced 
through an aperture in the furnace. Tlie ilatiener now 
applies another mptrunicnt, a polissoir, or rod of iron, 


c, Fig. 166, furnished at the end with a block of wood, 
D, and rubs down the wavinoss into a flat fiiuifaoe^ often, 
upon a refractory piece, 
using considerable force. 

Some cylinders are so | |[|||^^ 
distorted in the blow- 

ing that no rubbing can ^ ^ H 

same treatment. The B || B 

flattening stono is now [i|||n||n^ 

moved on wheels to a 

cooler portion of the ®l 

furnace, and by the aid of the flattening fork, delivers 

its sheet to another stone, called the cooling stone. 

Fi^om this, when sufficiently stiff, it is again lifted, and 

then piled generally on its edge, in order to be annealed. 

In 1842 the Messrs. Chance patented certain im- 
provements, whereby, instead of at once removing the 
glass from the flatting to the annealing furnace, and 
lifting it to the cooling-bed while soft and liable to dis- 
tortion, they flat and cool it by passing it Uipugh a 
succession of decreasing temperatures, so that it is not 
lifted until it becomes quite stiff and rigid. By this ar- 
rangement llio workman can flatten the glass while the 
annealing is in progress, which could not bo effected by 
the old method, because the temperature of the flatten- 
ing kiln must ho reduced with that of tho annealing 
kiln, to which it is contiguous, thus leading to the suc- 
cessive heating and cooling of tho kiln, and waste both 
of time and fuel. At Messrs. Chance’s establishment 
the flailing and annoaling kilns are two circular 
buildings communicating with each otlicv, and shown in 





pi^ and elevation in Figs. 1G7 and 1G8, Each of the 
buildings consists of exterior and interior walls, s, the 
intexTOning space being a circular arched vault. In 
ea^ vault is a cast-hon frame, moving on casters, 
imd capable of being turned round by a winch on 
tfeo outside, communicating with tho shaft and bevil 


wheels, K u — Fig. 1G8. The frame, n b, in the flatting 
kiln carries the flatting stones, a, and lagrcs. A, rnght^ti 
number, and that in the annealing kiln a number of 
tallic wires, o, radiating towards the centre of the bnUd* , 
ing, for supporting the sheets of glass. The flj^t^g kilaie 
heated by the grate, m, and in order that th^ l^nee a|id 
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lagres, which will have cooled during the rotation, may 
bo re-hcated and arrive at the position, F, at a proper 


vrood fuel it will not be needed. Partitions, H, are 
placed at certain intervals, to prevent the too rapid 


temperature, a second smaller grate is placed at b. If dissipation of the heat from those parts where it is most 
coke be used, a chimney at T will be requijed, but with required, and to retard tlie entrance of cold air through 


Ffff. 1AR. 



the openings in the external wall. At the bottom of the 
partitions are spaces to allow the frame, with the Btones 
and glass or the w'ircs and glass to pass below. The 
space, J, on which the glass is shifted from the lagres 
to the wires, is lighted by gas. The kiln is worked in 
the following manner : — The cylinder of glass is first 
placed in the position. N ; then in that of L ; thirdly, it 
is introduced Uirougb the external wall, d, and placed on 
a stone, E, suspended over the lagres ; it is lastl}'^ placed 
in the position F, on tlio lagre beneath. To prevent 
the cylinder rolling off, the stones are provided with a 
lodge. This part of the kiln 
is shown separately in Fig. 
1G9. The frame B is then 
turned round till the cylin 
occupies the 
position C, opposite the 
\ g" y working hole, D, through 

Y|y which it is then flatteued 

in the ordinary way. From 
c the glass passes round in 
tho direction shown by the an'ow, till it arrives op- 
posite J, when it is shifted to the position a' on the 
wires, by the flattener using his instrument through 
the opeuing, q; and after passing through the siic- 
ccssivo positions, arrives finally opposite i/, w'here it 
is drawn out fully annealed. Thus each sheet of 
glass, after having been flattened, remains on the stone 
during the time that other cylinders aro being flat- 
tened, and before the sheet is lifted off the stone, it has 
passed through a gradually decreasing temperature, 
and has become rigid. The annealing is also carried j 
on without lowering the temperature of the kilns by tlic ! 
movement of the frame, and the sheets, being isolated 
by the wires, become more quickly annealed. 

Mr. Hartley, of Sunderland, introduced two im- 
provements in this operation. One consists in making 
part of tlie floor of the flatting kiln to consist of a mov- 
able stone, about ton inches in diameter, on which the 
cylinder is placed, and by causing tho stone to revolve 
on its axis, the cylinder is gradually exposed on all 
sides to the action of the fire, thereby avoiding the 
objection to the previous plan, where one side of each 
cylinder became so much hotter than the other. His 
other improvement consists in making holes, about tlie 
eighth of an inch in diameter, all over the flatting- 
0tone. ^Vhe^ the sheets of glass are to bo polished, 
iiie absolute smoothness of the original surface is not 


so much an object as to have them perfectly flat, and 
tho air which lies between tho common flatting-stone 
and the cylinder or spread sheet renders this diflicult to 
accomplibh ; but by Mr. Hartley’s process the diffi- 
culty is overcome. 

One of die most recent improvements is that of Mr. 
Farthing, in wliich the kiln is heated by means of 
flues arranged under the floor, around die walls, and 
over die arcb. By tins means all deposit of dust or 
hard particles from the fuel on die surface of the glass is 
avoided, and any cheap kind of fuel may be employed. 

To return to the flattened sheets. When annealed, 
they are drawm from the kiln, and carried to the ware- 
house, where they undergo examination. Being blown 
by a loss complex process dian crown, sheet-glass is 
liable, in the glass-house, to a less number of defects, 
but the subsequent process of flattening, notwithstand- 
ing the improvements above mentioned, often makes 
up the deficiency ; and the manner in which a sheet, 
spared by one process, is disfigured b> another, is 
described by Mr. Chance as sometimes curiously 
provoking. Standing upon tlie table of the asBorler^ 
ho remarks, your eye lights upon a piece which, 
blown under an evil star, has imbibed in die glass- 
house every possible defect. The founder, skimmer, 
gatherer, and blower have all stamjied their brand 
upon it. It is seedy — the vesicles, which were in 
the crown tables rounded by the rotary motion Of 
die piece, are here elongated by the extension, of the 
cylinder ; it is stony, disfigured with stony dropf^ngs 
from the furnace ; stringy, diiu direads of glass mean- 
dering over its surface; amhitty^ covered with stony 
speckles, symptoms of incipient devitrification; con'* 
spicuoiiB widi gatherers' blisters and blisters froOi the 
pipe — badly gathered; badly blown — ^thin here, thick 
[ there, and grooved with a row of scratches; and on 
this abortion the flattener chances to have exerted Ids 
most exquisite skill ; it lias passed throngh his hSnds 
iiuscadicd, flat as a polished mirror, yet, ffxm its pre- 
vious defects, is entirely worthless. Next comes before 
you a piece whose beginning was miraculous — no seed, 
no blisters ; it prospered under the hands of the ga- 
therer and blower, and left the glass-house a perfect 
cylinder. But the croppie of the flattener marked it; 
the fire scalded it ; dust fell upon the lagre and dirtied 
it; scraps from the edges of tho preceding cylindelf 
stayed upon the lagre, and stuck to it ; the stonil 
scratched it ; and the heat of the anueafing cliambs^ 
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bent it. Such are the difficulties to which every cylin- 
der is subject — those of the glass-house, and those of 
the flattening kiln. Not all, however, are such os 
those ; there are good as well as bad, but the good are 
generally in the minority 

Tlie qualities range thus — best, seconds, thirds, 
fourths, and H, the latter standing for horticultural, 
and including all coarse glass, such as may be applied 
to horticultural purposes. The difficulty of escape from 
defects rendantho best quality, as in crown-glass, three 
times as costly as the common. The expense of pro- 
duction to the manufacturer is in each ca£)e the same ; 
the materials, the labor, the fuel, the Same for each. 
Success, therefore, clearly hinges on the proportion 
of good glass winch a manufacturer can obtain. The 
six qualities of sheet-glass may each consist of six 
different thicknesses, forming thus, in all, thirty-six 
j varieties. 

I WJjon this manufacture was new in England, the size 
usually blown was thirty-six inches long, and twenty 
I wide. The usual size now is forty-seven inches long 
1 by thirty-two wide, and cylinders are occasionally 
blown seventy-seven inches long; but large sizes and 
I heavy weights are accomplislicd only by workmen of 
j the first class. A sheet of this latter size, containing 
twcnty-orio ounces to the foot, would require for its 
formation a lump of glaSs upon tlio galhcrer’s pipe, of 
no loss than thirty-eight pounds weight. 

The size which shoot-glass can thus reach is obvi- 
ously a gi'cat advantage, and adapts it to many pur- 
! poses from wliich the limited dimensions of crown are 
j f.xcludcd. Tt was this gla^s that covered the Great 
I Exhibition in 1851. A cylinder was blown to cut, as 
1 the phrase is, foi’fy-nino inches by thirty; this was 
subdivided into throe panes of forty-nine inches by 
ten. About three liiindred thousand of tlicse, extend- 
ing over a million scpiaro foot, and weighing upwards 
of four hundred Ions, were the work of a few weeks, 
and this without absorbing or inlcrrujiting the ordinary 
produce of the maimfiicturer. The energy of the gla- 
ziers was equal to their task ; eightoon tliousand three 
hundred and riinot 3 ^-two panes were fixed in the roof 
ill one week b^^ eighty men, one hundred and eight 
panes being accomplished by one man in a single day. 
it was the house of Chance and Company which 
executed the large order for the Exhibition, without 
materially affecting their power of executing their 
general orders, a feat almost unparalleled in the his- 
tory of the manufactures of tliis country. 

But bhcot-glass has its faults as well os its virtues ; 
it is devoid of tliat brilliancy of euiface for which crown 
is so remarkable. It is subject, also, to undulations on 
the surftice, the precise origin of which it is difficult to 
explain. Mr. SriAW, in bis admirable lecture on the 
glass manufacture, as illustrated by the Great Exhibi- 
tion, speaking of this defect, says — When the divided 
cylinder is feoftened by heat, and either allowed to 
flatten by its own weight, or flattened by the workman, 
the concave interior of the cylinder has to expand, and 
the convex exterior to contract, as the cm-vod surface 
becomes plane. Ho adds, were this contraction and | 
expansion to take place uniformly throughout the glass, 
the undulation in question would not occur, but since j 



one part invariably yields somewhat more readily than 
another, perfect flatness cannot be attained. 

It is, however, more probable, in Mr, Chance's 
opinion, that this undulation is produced in the opera^ 
tion of blowing, and is due to tho double movement ot 
the particles of glass which accompanies the formation 
of every cylinder, tho dlle movement being parallel to 
the axis of the cylinder, and Uie other in planes at right 
angles to that axis. 

Grinding and Polishing Shed- Glass — A further 
development of tho sheet-glass manufacture in England 
is the process of polishing and grinding this glass by 
machinery, whereby a new branch of manufacture has 
been established, which has furnished glass peculiarly 
applicable for purposes for which none previously ex- 
isted. This improvement, which is the work of Mr. 
Jamee Chance, is characterized by M, Claudet as 
ono of tho greatest improvements which has ever been 
introduced in the manufacture of window-glass, as it 
has produced, at a cheap price, an article equal in effect 
to plate-glass, and by which houses can now l>e glazed 
witli a glass that does not distort external objects, while, 
at the same time, when viewed from the outside, it has 
all tlie polish and fine appearance of plate-glass. To 
explain tho merits of this invention, it must bo recol- 
lected that the sheet-glass has the polish of its surface 
much injured by the mode of its production, and that a 
still greater defect arises from the inside and outside ol 
tho cylinder not being of the same length, so that when 
developed by the flattening operation either the one 
surface must contract or tho other expand; and Uie 
result is a kind of undulating or wavy appearance called 
cockles. These cookies reflect and refract light in vari- 
ous directions, and the objects seen tlirougli tlie glass 
are necessarily distorted. 

Several atterapta, continues M, Claudet, were made 
in France and Germany to grind and polish this glass, 
in order to destro}’’ these inequalities and imperfections. 
For tliis purjiose sheet-glass liad to be made consider- 
ably tliicker, owing to its never being perfect]}' flat 
throughout its length and width, so that one corner or 
another, and oven several points on Uio surface, were 
liable to be completely worn out before the end of tho 
operation. 

Mr. James Chance conceived tlie ingenious idea of 
laying every sheet of glass intended to be ground and 
polished, upon a flat suiface covered with a damp piece 
of soft leatlier. Tho sheet adhering completely to the 
leather after having been pressed against, produces, in 
fact, a vacuum, so that by the pressm’e of the atmo- 
sphere the whole sheet is maintained in a flat position. 
Two sheets having been placed in this manner, each on 
the retaining or sucking surface, they are turned ono 
against the other in a horizontal position, sand and 
water being constantly supplied between them ; and by 
means of the most ingenious machineiy, the two sur- 
faces rapidly rub ono against the other in all directions, 
and are ground at the same time by the sand. When 
tho grinding has been performed on ono surface, the 
sheets are turned to have tho other surface ground in 
the same manner. 

' The 'tiheet being ground while it is kept perfectly 
flaf^ it is not necessary to wear out more than a thin 
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layer of the whole surface. Of course, after the opera- 
tion, the sheet of its own elasticity resumes its funner 
shape more or less curved, but the whole surface of 
both sides has a polish as perfect as plate-glasa, and 
this is the desired condition for glazing purposes. 
Although the glass could not make perfect mirrors of a 
large size, on account of the d%ht curve arising from 
the flattening operation, still it may bo usefully em- 
ployed for small looking-glasses. M. Claudkt states 
that this glass has all the perfection and qualities re- 
quired for taking pictures by the collodion process, and 
for framing all photographic and other pictures, fur 
which last piirpose it is even preferable to cast plate- 
glass on account of its lightness. 

Mr. James Chance’s invention is, therefore, one of 
the most important improvements in the manufacture 
of window-glass during the present century ; and to 
him is due tbo cheap but beautiful glass now so gene- 
rally used in glazing ordinary dwelling-houses — an 
article quite equal in effect to the expensive plate-glass 
which was formerly seen only in the windows of palaces 
and aristocratic mansions. 

IV. Plate-Glass. — Dodd justly remarks that a 
hotter name than ^afc-glass would be ccw^-glass, since 
the former is vague in its acceptation, and might be 
applied to any kind of glass in shools, whereas the 
latter expresses the mode of manufacture of this beau- 
tiful article, wliich is formed by being cast or founded 
upon a smooth table while in a liquid state, and is 
totally independent of the process of blowing. It is 
not generally known, however, that originally all plate- 
glass was made by blowing ; and that in this countiy 
it was not till 1773 that the British Plate-Glass Com- 
pany first began to make plate- glass by casting, although 
this process had been in use in Prance for nearly a cen- 
tury. The method of blowing plate-glass was very 
similar in principle to that of sheet-glass, differing only 
in some mcchaiiical contrivances to assist tlie workmen 
in handling so much heavier a piece. The plates formed 
by tins method, however, were much smaller than can 
bo executed by the casting process, whicli sometimes 
exceed ten feet in length, and are about half an inch 
thick. Plates have been cast as much as fourteen 
feet long by eight or ten feet in widtli, and some of 
enormous dimensions were shown at tlm Great Exhi- 
bition. 

The principal consumption of plate-glass is for mir- 
rors, the manufacture of which dates from the earliest j 
introduction of glass-works into Europe. Mirror- glasses 
were for many years the object of an important com- 
merce to Venice, tlio only city which could produce 
them. The manufactory, whicli was situated on the 
island of Murano, produced, however, only sheets pre- 
pared by blowing, and this was the process imported 
into Franco in 1665, along with the art of covering 
plates of glass with tinfoil, which liad long been oxclu- 
Hively possessed by the Venetians. The largest mir- 
ror-glasses which could be made in this manner were 
about three feet in the side, and they were liable to the 
air-bubbles, knots, and strim so frequent in common 
window-glass. All these disadvantages disappeared 
with the invention of the casting process whitsh is now 
ill vse. AmiAUAM Thevaht devised this bold me- 


thod, as Dumas terms it, and put it in practice at Paris 
in 1685. It was the same artist who founded in 1691 
the celebrated manufactory of Saint Qobain in Picardy, 
which remained so long without a rival, and where 
perhaps tho beet plate-glasses are still made, though 
two or throe other manufactories have been established 
on a very largo scale, which renders the mirror-glass 
manufacture a veiy important object for France. In 
this countiy, as in France, tho business is confined to 
a very few large establishments. 

Compositum of Plate- Glass , — This beautiful variety 
of glass is similar in composition to crown and sheet 
glass, tho only essential bases being lime and soda ; but 
in plate-glass the soda is introduced in somewhat larger 
proportion. So far as regards tlio purity of tho tint, it 
would be attended with ailvautage to substitute potassii 
for the soda ; platc-glasscS would thus be freed from the 
greenish or bluish shade which tlioy sometimes present, 
and, in this case, one might increase tlie proportion of 
lime, which is kept comparatively low in plate-glass to 
avoid devitrification. But soda is preferred to jxitassa 
for this description of glass, because it imparts a higher 
degree of fluidity, and because the iiiquiritios which it 
contains aro more readily dissipated by the heat ; so 
that the use of soda, thougli objectionable as tending 
to color tho glass, facilitates both tho fining and casting 
— two most important advantages in the inanufacturci. 
Subjoined is the analysis of a plate-glass by Dumas 
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From this analysis it appears that tho quantity of 
oxygen of the silica is about six times tliai of tbe aggre- 
gate oxygen of the bases. It will bo Been, also, tliat 
this glass diflbrs considerably from window-glass in the 
proportions; in the latter, for each equivalent of soda, 
there is Always at least half an equivalent of lime, 
whereas, in plate-glass, for one equivalent of soda, 
there is only one-fourth of an equivalent of lime. lu 
window-glass, putting tho ahmiina and lime together, 
the oxygen of these eartliy bases always exceeds tbe 
oxj^gen of the soda ; in plate-glass tho oxygon of the 
lime and the alumina constitutes scarcely tlie half Of 
that of the soda. All these circumstances have the 
effect of rendering tlie plate-glass more fuaible, more 
readily altered, and less hard than window-glass; hut 
it is also less britUo, and less liable to bo dovitrifled* 
Tho preceding analysis is olcmentary and tlieoretioal; 
the subjoined practical recipes aro given in KhAfp's 
Technology 


CompoaltloiitHHMl ni St OobAin. 
100 lipuntlrt pwro sand from 
Sonlis. 

35 pounds pure stvltP of soda. 

6 poimdrt lime, crnmlJed, 
100 pounds broken glass, 
becoloriug matters. 


CompciBltfoit aocordhtf i6 Ba«f«italro. 
100 pounds white sand, 

60 pounds salts of Soda. 

13 pounds carbonate otMhnc, 
100 pounds broken glass. 

1 pound peroxide maa- 
ganose, 

0'5 pounds smalt. 


Tho following proportions, which have boon used in 
England, aro said to produce a superior quality of 
plate-gluBS : — 
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Jt^arto. 

£>^ 1 ^ sand, well washed and dried, 720 

Alkaline suit, containing fbrty per cout« of sodoy 450 

Lime, slaked and sifted, 60 

Kitrc, 25 

Broken plate-glass, 425 


These qqfcntities produce one pot of wieW, which yields 
one thousand two hundred pounds of glass. 

The object for which plate-glass is chiefly manufac- 
tured requires in the materialB the highest degree of puri- 
fication, and the utmost care in tlie fabrication. A good 
mirror should reflect an image in its true and natural 
shape, and no distortion must occur, which invariably 
happens if lumps or waves in the glass unequally refract 
tlie light or produce irregular reflection. Moreover, 
the light must pass through the thickness of tlie glass 
before it is reflected from the metallic surface at the 
back; and as the lliickness of the plates must corre- 
spond with their lateral dimensions, wiiich arc often con- 
siderable, it is evident that transparency and absence of 
color are points of groat importance. It is true that in 
the last century this was a disputed question. Mon- 
tan KV advanced that the black color was preferable 
' to all others fua* mirrors, and bis theory appeared so 
I plausible as to require a formal refutation on the part 
of Allltt, It is evblcnt that, unless the light were 
j iiHSUijicd to l>e reflected atlhe first suiface, tliis theory 
I is quite niiteiiabhj; aiul even assuming tlie reflection to 
I take place at tlie first surface, it would be nccojsary to j 
' give the glass, not only a black color, but a complete 

! opa(;ity, similar to that of the metals themselves, of 

; wliich mirrors were anciently made ; but tins absolute 
' oi)acity, in the case of glass, would bo very diflicult, if 
I not impossible, to attain. 

j In the present day the object aimed at, by universal 
' agreement, is to give the most perfect lransi)arency to 
mirrors, and to destroy the slightest traces of colora- 
tion. With ibis view, not only must the metal or 

molted glass bo thoroughly fused, but the original ma- 
terials must bo selected with veiy^ great care. The 
sands which enter into the composition sliould be very 
white and fine. In default of suitable sand, soft sand- 
stone, white and well piilv<'rizcd, is used. Flint and 
quartz, calcined and reduced to powder, arc excellent 
materials for the purpose, rarticular care must bo 
taken in the choice and treatment of tlio soda, to avoid, 
as fat* as possible, the green lint which is peculiar to 
glass formed with this alkali, and wliich the thickness 
of the plate-glass betrays. It might be possible to 
counteract this evil to a certain extent by a perfect 
fining or purification Ckf the soda, and by replacing part 
of it with potassa, to the amount of about one-fifth. If 
plate-glass wore formed with potassa alone, instead of 
soda, it is to be feared that a glass necessarily so rich 
in alkali, would be hygrometrical, and would partake 
too madi of the nature of soluble glass. Even the 
small proportiou of i)otassa which, in the shape of nitre, 
usually outers into the composition of French plate- 
glass is found to give it a dan»pncss, so that when two 
of these are kept together for any lengtli of time, they 
scarcely be separated. Mr, Varlev stated at 
a meeting of the Society of Arts, that he was once 
. shown some very large glasses by a London manu- 
facturer, which were beautifully clear, but appeared 


to be covered with steam, and this, when wiped off, 
appeared again. The manufacturer had" applied to 
Professor Faraday in hopes of learning how to cure 
this imperfection. On examining these glasses with a 
magnifier, the apparent steam was found to consist of 
very minute but Jong eiystals, which shape indicated 
nitre, showing that so much potassa was used in the 
manufacture of the glass that it exuded. Now, re- 
peated washings, which, with eight or ten foot glosses, 
is a serious labor, might much lessen the exudablo 
matter; but the glass would thus become porous all 
over, and its power of transmitting or refloctiug light 
would be diminished. What was still wome was, that 
such glass could never bo wiped so as to remain clean, 
for tlie wiping filled up tlio pores with what should 
have been quite removed. This began again to exude 
in mkmte gummy dots, wdiich continued to enlarge, 
and on again wiping, smeared the surface, rendering it 
difficult to clean. Soda is prone to dry and lose its 
water of crj^stallizatiou ; potassa, on the contrary, at- 
tracts moisture, and becomes liquid. Hence it would 
seem tliat soda must make the more durable glass, 
besides fulfilling the important conditions of rendering 
the vitreous composition more fusible and more easy 
to fine, fl'ho latter advantage arises from the fact, that 
the gall or sandiver of tho soda-glass, consisting of sul- 
phate of soda and chloride of sodium, is more volatile 
than potassa-gall, and is hence more readily got rid of 
from ^hc open pots in w'hicli tlie glass is fused. 

Mdtiiig and Fining . — Two sizes of pots are used in 
the manufacture of jdatc-glass — tho larger for mcllijjg 
the vitreous mixture, and for keeping it long in a state 
of fusion — tho smaller for receiving a portion of the 
glass to be fined and cast. The latter are termed cis- 
teniH, or in France cvvetles. Tho English pots and 
cisterns are of tho same form as the pots used in the 
manufacture of crown-glass ; and this is also tho form 
of the French pot — Fig. 141 ; but in France the cistern 
or cuvette is formed square or rectangular — as shown in 
Fig. 170 — and three pots contain tlie material for six 
small cuvettop, or for three 
largo ones. These last arc 
employed for mirrors of 
large dimensions — for ex- 
a]nj>lo, of one hundred 
inches and upw'ard. Lat 
terly, furnaces have been 
constructed for six pots and 
twelve cuvettes, eight small and four large ones. The 
email ones have the form of a perfect scpiarc, the largo 
ones of an oblong rectangle. About tho middle of the 
d(‘pth of the cuvette, a A, a groove or indentation, n, 
is formed, whereby the vessel is grasped with tho tongs. 

Tho ingredients for plate-glass were formerly fritted 
before molting; but this preliminary process is now 
dispensed with, the mixture being composed of such 
pure materials that it can be placed cold in the pot 
in three successive charges. The time necessary for 
the fusion and the fining is in Franco divided equally 
between the pots and tho cuvettes. The material 
is left sixteen hours in each, and, at the end of 
these thirty-two hours, it is fit to bo ca$t Burjnp 
the melting of the mixture in the pots, the cuvettes 
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are placed empty m the furnace ; but as soon as the 
whole charge is in a state of fusion, the cuvettes are 
removed by means of tongs, and cleansed from all im- 
purity, and from the residual glass of the last operation 
i)y a scraper. They uro then replaced in the furnace^ 
and after a few moments’ heating, the ladling or trans- 
ferring operation commences. The surface of the metal 
in the pots is skimmed, and the liquid glass is trans- 
ferred into the adjacent cuvette with a copper ladle, 
care being taken not to disturb any grains of sand or 
lumps that may have settled down at the bottom of the 
]) 0 t Thus, as Knapp remarks, at the very commcnce- 
raont a kind of double purification is effected — the in- 
fusible portion is left untouched, and the glass is well 
mixed by the agitation of ladling. This transfemng 
process, which is termed in France trfjetage^ requires 
two workmen, one after the other ; each draws out the 
glass three times — whence the word trejeUr^ to throw 
or cast thrice — ^and then plunges his ladle into cold 
w'at^. The furnace is then shut, and the cuvettes are 
loft to themselves, for the glass to fuse — that is to say, 
that the bubbles excited in the mass by the trejctafjc 
may be disengaged, and tlie excess of soda bo entirely 
volatilized. It Las been stated that the melting is 
generally accomplished in sixteen hours; but the fining 
which succeeds the ladling process must be kept up 
quite as long, and extends indeed somotimes to twenty- 
four or even forty-eight hours before the hubbies uro 
dispersed and no more alkali is volatilized, or until 
specimens of the glass exhibit in every respect a fit 
slate for casting. This is not exactly a liipiid state ; 
hut after the perfect melting has taken place, the glow- 
ing mass is allowed to lower its temperature a little, so 
as to acquire a slight degree of viscidity. With this 
view the fire is allowed to decline, and the glass 
acquires the proper consistency in three or four hours. 
To make sure of this, the end of a rod is dipped into 
the cuvette ; the portion taken up is allowed to hang 
down, and by the form it assumes and other indications, 
the workman readily judges whclher it has acquired tlio 
necessary consistence and is free fiom bubbles. This 
is termed drawing the glass. 

Casting . — 'Wliile the glass is acquiring the requisite 
consistence, attention must be given to beat the 
annealing furnaces, as well as the casting-slab or 
metal ])late which is to receive the liquid glass. 

This table was formerly made of bronze ; but 
the liability of this metal to crack induced the 
British Plate Company to try a plate of cast- 
iron, wdiich was found to be quite successful, 
and even the large bronze slab at St. Gobain, which 
•wciglicd fifty thousand pounds, and cost one hundred 
thousand francs, or £4000, has boon discarded, and re- 
placed by one of iron. The table, TT — Fig. 171 — 
must bo of longer dimensions than the largest plate; 
it varies from ten to twenty feet in length, with cor- 
responding breadth, and is six to seven inches in thick- 
ness ; it rests on a strong wooden frame or truck, M M, 
movable on casters, and sometimes running pn a rail- 
way, along which it is wheeled from one annealing oven 
to another, since it is necessary that the table should 
be placed close to the oven or arch, b, into which tlie 
plate W to be removed for annealing after being cast. 


With this view the height of the slab or table is made 
exactly on a level with the floor of the arch. Its upper 
surface is flat and polished, to mould the lo.wer surface 
of the mirror ; and, before the casting, it is heated by 
hot coals spread over it, and then wiped perfectly clean, 
Tlie annealing-ovens being heated to a brown-red, the 
casting-slab brought to a suitable temperature, and tlic 
metal or melted glass thickened to the requisite point 
for flowing readily and equably, the aperture into tlie 
cuvettes which are to he taken out is then opened ; 
two workmen introduce tongs into the furnace, and 
grasp tlie cuvette by the groove shown in Fig. 170, 
while a third slides a large pincer under it. When this 
insti'ument is pushed well under the bottom of the cu- 
vette, tlio workman draws it towards him, aided by the 
others with tlicir tongs, which are supported on rollers. 
In this manner the cuvette is drawn to the mouth of 
the opening, where it is raised by a crane, placed upon 
a truck or low carnage, and removed to the casting- 
table. The melted glass being skimmed, the cuvette, 
A— Fig. 171 — ib then drawn up to a sufficient height 

Fig. 17* 



by the tackle, d e, and suspended above the upper 
end of the casting-table, where it is tilted ovei: by 
means of the tongs, c c, and the metal jpPUted 
out on the table. The appearance presented by 
the molten sheet is now ex(jeedingly splendid. The 
building being very (birk within, the glowing liquid 
throws a strong light on the faces and persons of 
the workmen. In tlie meantime, the glasa is pre- 
vented from running over the sides by ribs or^ms 
ot copper, N N, which are exactly equal in height 
to the intended thickness of the plate of glass; atid 
when the cuvette has boen emptied of its coiitentS| A 
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massive hollow copper cylinder, F, three feet in dia- 
meter, and resting at each end on the side ribs, is sot in 
motion. This cylinder, which weighs several hundred- 
weights, is moved by moans of the handles wliich form 
a prolongation of tile axis, and spreads the glass out into 
a sheet of uniform breadth and thickness. It would, 
however, overflow the aides, if this were not prevented 
by the workmen apjilying tlje iron pieces, G G, whiiih 
form a dam at the sides, and {U’ceedo the course of the 
rollers. Lastly, to prevent any impurity from con- 
taminating the glass, a woikman draws the washer, if, 
covered with cloth, inniKjdiately in front of the advanc- 
ing sheet of*fluid glass ; the excess of glass pours over 
the front edge of the slab into a trough, k, filled with 
water, and fimilly tlie roller ])as.scs oil' and is received 
ill the grooves, it. A heautiful play of hrillinnt colors, 
comiirising every imaginahle tint, is exhibited by tlic 
glass immediately after the roller has j»asscd over it; 
caused, probably, by a teniiiorary oxidation of I he sur- 
face. 

Whilst the euvetto is earned back lo the i'liniace to 
receive a fresh charge of glass, the two ribs ai'c reuiovisl, 
and any blistcTs or seams (jr rcduiidaney which may 
exist at the two sides of the plate are broken off; a 
thick llange of the still soft glass is Ihen turned up at 
the end, T T, and a rake-shaj»ed inni is a)»plied to it, by 
means of which tlx* jdate is thrust forward into llie 
annealing oven, n, where it rests ii))oii sand. As the 
plate is not jierfectly rigid \Nhen this is dom', tin; force 
which must be exerted to push it ovi'r tlui ili>or of the 
kiln often produces considerable, undulations on l]»e 
upper surface, whicli Buhsec|uent1y disappear under th(3 
polishirig. 

Wliile the introdnetion of the ])late into the anneal- 
ing arch is being jirocoeded with, other workmen arc 
engaged in taking from the fining furnace another 
fiivetUi, wlfudi arrives at the casting- table at the mo- 
ment when the preceding plate lias just Ix'eii introduced 
into the annealing oven. After tilling the oven, all tlie 
openings are carefullj'^ stopped up with iron plates and 
clay mixed with sand. At the end of twenty hours, 
some of th(‘ pieces of iron arc taken awaj"; an hour or 
two afterwards more are removed; as the oicn cools, 
more and more arc taken away, and at last the whole 
of the clay and jdates of iron which stojiped the a];er- 
tures are removed. When the hand can be jdaced on 
tlie glass plates without feeling much licat, thciy may 
be taken out of the oven. ISiich, at least, is Dumas’ 
account of the French method. Ilul in this country 
the plates arc allowed to remain in the oven, resting in 
a horizontal position, from five to ten days. 

It has been stated that the temiieratiire of the an- 
nealing kiln, when the plates are introduced, should be 
a dull red. If the kiln were too hot the ] dates would 
enter intx) a state of semi-fusion, and would get out of 
shape, or at least would adliore to the floor of the kiln, 
80 that they could not be dctacdied without breaking. 
On the other liand, if the kiln were too cold, the jilates 
would be badly annealed, and might fly to pieces in the 
act of being taken out of the oven, or afterwards. Tlie 
slightest change of temperature is sufficient to split into 
pieces plates which have been bailly annealed. They 
break also when one proceeds to cut off the jagged 
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edge with a diamond. It almost always happens that, 
in plute-glassos badly annealed, the separation doe.s 
not occur at the place whore the incision has been 
made. 

The annealing ovens, termed in France carquaises^ 

\ are very large, and have several fire-places. The bed 
or floor is made of bricks, presenting in its whole extent 
a perfectly level surface. Sand must he H])rinkled over 
the bed, that the plates may slide freely upon it, and 
encounter no impediment in shrinking or contracting. 

Squnrinr/j Grinding^ nml Polishing . — After being 
withdrawn from the annealing oven, tlie plates liave to 
undergo the oiierations of sipiaring, grinding, and yiol- 
isliing. As taken from Ihe oven, they are about half 
an inch thick, and present an irregular mottled appear- 
ance, roughened on the lower surface by tlie saud on 
which tliey have rested, and smoother, but not flat on 
the upper surface. The first jirocess is that of squar- 
ing, or cutting them into their useful dimensions; for 
whicli purpose they are carefully examined, and the 
w^ovkmen endeavour, notwithstanding the imperfect 
traiisparency of the glass, to select those which appear 
to he fj’oo from defocls, to be reserved for largo plates, 
while such as show irni»erfeotions that cannot be rc- 
mov(ul by grinding, are picked out to bo cut into smaller 
j>l ites, tiansposing the fruity jiarls to the sides. The 
hr|uaring is perfojTned by jiassing a rough diamond along 
Ihe Burfree of the glass, guided by a square rule; the 
diaiJiund cuts to a certain depth into the substance, 
wdien, by gently striking the glass with a small liam- 
mor, underneath the part whicli is cut, the piece comes 
away; and the roughnesses of the edge then left are 
removed by pincei’s. 

Tlie plates having tieen Sfpuired, next undergo the 
processes of grinding and polishing. In tlicse oiierations 
two plates are emjdoyed, one of larger dimensions, and 
one three or four tinu'S smaller, whicli arc made to rub 
against each other. This was formerl^^ done by hand, 
hut is noW' alumst ontiii'ly performed hy macliinory. 
The lowTr and larger plate is embedded in plaster of 
T’aris, in a perfectly lioriznntal position, upon a table 
about tw'o feet high, which is termed \ho grinding hcnch; 
the smaller plate is cemented upon the lower face of 
a swing table, made lieavy hy weiglits, and caused to 
traverse over the lower plate in such a way, tliat by a 
eomhiiiation of a rotatory and oscillating motion, the 
relative position of the two plates is constantly chungod.'^ 
In adjusting the plates, a rough or rolled surface of the 
one is opposed to the comparatively smooth or casting- 
plate surface of the other, and the material employed 
to grind the surfaces is thrown upon the low'cr plate 
from time to time. Iviver sand and wuiter w’ero formerly 
used for this puqiose, but greund flint of diilbrent sizes 
is now substituted, as ansv/cring the puiqiGsc bettor. 
The macliinory is set in motion hy a steam-engine, and 
this process is continued until the ground jdates exhibit 
a perfectly horizontal arid oven, though still unpolished 
surface. Wlicn one side of each plate has been suffi- 
ciently ground, it is loosened from the frame and turned 
over, so as to present the other surface to bo gi’ound in 
the same manner. Some degree of pressure is em- 
ployed by loading the upper plate wdth weights, as tlie 
grinding of each side approaches to completion. The 
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process thus described used fornierJy to List three days, 
but the time is now muelii abrid;^ed. The greatest at- 
tention is required to complete the operation, with tlie 
surfaces pei lectly level and parallel, for which end a rule 
and plumb-line are employed. 

By means of this grinding, the plates arc made level, 
l)ut are still too rough to receive a polish. To fit them 
for this, they are now ground witli emery powder of in- 
creasing degrees of fineness. AVhen the plates become 
sufficiently smooth for this operation, there is a tendency 
to cohesion between the surfiices, which produces so 
much friction that when the work is done by machinery 
one surface will frequently tear the glass from the other. 
IIcncG hand labor has been generally employed in 
this part of the process. The lower plate is jdaced 
n[)on a stone bench covered with wet canvas, whicli 
holds it firmly in its place ; the surface is SjU'inkled with 
emery and water, and a small iiLite, moved by the 
hand, is used as a runner or giinder. Women aic 
generally emi)lo 3 "ed in this operation, and arc said to 
])orform the work bettor than men, on account of their 
superior delicacy of touch, which enables tlicm to iis() 
precisely the degree of force required, and readily to 
detect and remove gi*itty particles among the emery. 
Young girls are employed on small plates. About 
throe sizes of emery are used, the ditlereut qualilios 
being previously separated and assorted by suspension 
in water; and between every size llie plates, canvas, 
bench, and liamls arc thoroughly washed. After the 
n])plication of the last or finest emery, the plate has 
become quite smootli and partly pohslied. To dis[)cnse 
witli the tuicossity of manual Libor in tliis o])ei‘ation, 
.Mr. Bi.ake, of the Thames BLitc-Glass Works, has 
recently introduced a machine wliich imitates the mo- 
tions of the aims of the persons employed in smooth- 
ing, and works adinirahh . 

The glass, although now perfectly even, ajqiears 
opaque and deadened on the surface, and still requires 
tho final polislung. To ellect this, a piece of wood is 
covered witli numerous folds of woollen cloth, liaviug 
carded wool interposed lictween cacJi tw^o layers, so 
that tbc wliole forms a tolerably liard hut elastic cushion, 
which is fitted with a liandle. The jdatc is embedded 
in plaster, as already (loscril)ed, and tlio cushion, l)eing 
■wetted, is covered with Venetian pink, wdneh contains a 
small portion of oxide of iion, niixe(l w ith earthy matter, 
'und is moved backwards and forwards on the surfacii of 
the plate, with considerable piessure. Tliis ru]>bing is 
now generally peiTormod by machinery, as hand-polish- 
ing is tedious, and is apt to produce a wavy a]tpcararjee; 
hence niachinc-polislied glass is to ho preferred. 

In 1850, a patent — communicated by Altjf.ut 
Bi:ougiit(in, Alexandlu Lindsay, and John 
I UuTDviiN Platt, all of New York — was taken by 
AVilliam Edward Nkwton, of the Patent Office, 
01i,anccry Lane, London, for an improved method of 
pidislung the surfacn of glass, stone, metal, or other 
materials cMpahle of being polished by friction. The 
distinguishing principle of tJiis metJiod consists in 
grinding and polisliing the fiat surfaces by means of a 
rotating plane of glass, metal, stone, or other suitable 
material, tho substances of which the surfaces aro to he 
ground or polished being held in a frame in such a man- 
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ner, that tho friction, exerted by the I'otating pLuie upon 
the surfaces of th(3 Buhstancos under oporaiion, will cause 
them to rotate with a slower motion upon their own cen- 
tres. Tho form adopted as most convenient for tho grind- 
ing and polishing surface is circular; it therefore gene- 
rally consists of tho upper Burfacc of a circular t4ible or 
wheel, which may be of cast-iron, and is secured firmly 
at the upper end of a vertical shaft, which is supported 
in suitahlo bearings in a strong framing of timber or 
iron. Tho upper cud of tlie shaft is nut allowed to 
stand above the table, and therefore the article to Ikj 
polislied will ho allowed to pass over its centre. Bo- 
tary motion is communicated to this cireiUar table by 
means of suitable gearing. Tlic apparatus fur holding 
the plate of glass to be ground and polished consists or 
a plate or frame of metal or wood, having a rim all 
round the lower side, within wliich tho glass is received 
ill a bed of jiLister of Baris. This plate or frame is con- 
neetod with a perpendicular spindle wdiich is capable of 
being moved rieaier to or furtlier from the centre of the 
rotjiting circular table. The grindingaiid polishing ojiera- 
tion is ofiected with the aid of sand, or any oommuii jiolisli- 
ing material. To commence the operation, the plate of 
glass, having been secured in its hod or frame, is jilacid 
on tli(‘ rotating circular table, and tho holding plate la’ 
frame is coiiueeted with the long L ver by means of its 
spindle. Botary motion is now given to the eireiiLii 
table, and wlnui the sand or grinding material is ])ro- 
|>oily distrilnUed, the fiietion ])ro(lueed on lliat part of 
tlie jdate of glass wliieli is at any time on that side (>!' 
the spindle of the liolding frame which is furthest from 
the eentie of tlic table, being greater than tiuit on tI»o 
])art which is at the same time on that side of llie 
spindle nearest the eiadri' of the table, causes tho plate 
to rotate in the same direction as tlie latter. The sand 
or grinding mateiial, wlaai a fresh supply is applieil, 
ivill always dihliibute itself evenly after a very few 
rtivolutioiiH. The giinding may he regulated by a 
screw and nuts on the s|)indL* (^ftlie holding fiainii, so 
as to produce a pn'ssiire on the plate, adilitional to 
wliat is prodiiee<l by its own weiglit, and the W'cight ol 
the jdate or frame and other parts of tho holding aj> 
jmiatus, or to l.ake olf some of that pressure. Tlir 
j>atcntec allogos that, l>y ju'odneiug the rotary motion 
of the glass to ho ground and jiolished, by means of tho 
frietiuii of the grinding or j^olishiug surface, an even- 
ness and smoothness and freedom from scratches arc 
(d)iaiiiod, that cannot he j^roduced when the rotary 
motion is positive, or j)roduced by gearing, as in otlicr 
j)olishing machines. The reasons assigned lor this arc 
as follow I' -In tlio former case, the grinding or polish- 
ing surface and the surface to bo giound or polished 
undergo an infinite transposition, while in the latter, 
they are frcqu(,*ritly in ju ecisely the same relative posi- 
tions ; again, when tho motion is produced by friction, 
it is found to ho steady and free from the tremor wliich 
is j)ro(luced when an indepoiideiit and positive motion 
is given. 

The Editor is informed by Mr. Finciiam, tho active 
and intelligent manager of tlio British I^ato-Glass 
Works, til at tho preceding process acts admirably, and 
is sure to supersede all those Iiithcrto in vogue. It is 
daily working under Mr. Fincham’s superintoiidonce. 
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Mr. Bebsemek some years ago proposed a new 
method ai)plicable to the whole process of casting, 
grinding, and polisliing plate-glass. Dispensing with 
the use of cuvettes, ho pours the melted glass directly 
from the pots between two rollers, placed at a certain 
distance apart, and kept cool by a current of w'ater 
passing through them. This insures a uniform thickness 
in the glass. The furnace employed by Mr. Bessemer 
is a reverbcratoiy with a low arch, and the pot, which 
is of very large dimensions, is set upon a movable siege 
composed of masses of tircstone firmly cemented toge- 
ther. The pot and siege run n})on four wheels, by 
means of which they are readily moved out of the 
furnace, to empty the contents of the pot between the 
i\\(i forming rollei’s already alluded to, and, after passing 
betweeu these, the glass is received between two fnish- 
mg rollers placed closer together, and moving Avitli 
accelerated speed, so that, on emerging from the latter, 
the glass appears smooth and fiat, though wanting in 
polish. The plate now slides down a curved surface 
upon a fiat table, and, when siillieiently cooled to 
become rigid, it is transfoiTod to tlio annealing kiln, 
which is heated by a current of hot air obtained from 
a chamber situated between the furnace where the 
glass is melted and the chimney. A saving of fuel is 
thus efibeted, the hcatjs more easily regulated, and 
the artich'R to be annealed are not subject to injury 
from the dust and products of combustion of the fuel. 
The polisliing, according to Bessemer’s method, is 
performed by laying the plate of glass upon a sla]> of 
slate placed perfectly liorizonlal upon a bed of briek- 
wi>rk, and causing an endless belt of gutta percha, 
covered with felt and polisliing matciial, to pass r.iiddly 
over the surface of the glass in contact th(?rewitli, and 
to traverse at the Baine time slowly across the plate by 
a lateral motion at rigid angles to the line in which 
the bell mt)vcs over its drums. TIic belt is of the | 
same length as the sheet to be polished, and is prossiul ' 
upon the entire surface of the glass by a number of 
small rollers. The continuous action of the strap in 
one direction renders it nnnccessiiry to cement the 
glass to the table, which is cllectually preveiittjd from 
shifting its jiosition by a raised rib or stop let into one 
end of the table. 

By the giiuding and polishing, the plates are reduced 
in lliickncBS as much as one-third, and in some cases 
one-half. If any radical defects exist in the glass, 
these are only heightened by the polishing, and hence 
a second and more careful examination and selection 
of the plates is now made. In fact, in every stage of 
iho manufacture, the experience of the workman is 
called for, to determine w'licllior any and wdiat imper- 
fections appear, and how they are to be removed ; and 
as, on tho one hand, no manufactured article would 
betray the existence of defects more readily than a 
large sheet of plate-glass, so, on the other hand, tlic 
most sedulous attention is paid to tlie detection of 
such defects when they appear in tho course of tlie 
manufacture. Those which are still found defective 
after tho polishing, arc cut up into smaller plates, and 
polished again, while the poifcct ones, when destined 
for miiTors, are subjected to the final process now to 
be described. 


Silvering of Mb'r or a, — This designation is a mis- 
nomer, there being no silver used in the common me- 
thod of performing the operation; but a compound 
of tinfoil and mercury, or quicksilver, wdicnco proba- 
bly the mis-appcllation. The operation is commenced 
by spreading a sheet of tinfoil, which must bo of 
somewhat larger dimensions than tho plate to be 
covered, upon a flat stone or slate slab, termed the 
ailverimj table^ and brushing mercury over it. When 
tho surface of tho tinfoil is uniformly covered, more 
mercury is added till it covers the metallic sheet to tho 
depth of one-sixth or one-fourth of an inch. A bril- 
liant surface is then produced upon the fluid metal, by 
skimming aside the grey coating of oxide with a wooden 
rod. The plate of glass is now introduced by pushing 
it forward horizontally from one side of the table, with 
the longest edge foremost, and so that this edge alway.s 
dips below the surface of the mercury. By tliis means 
dust and air are totally excluded ; whereas, if the plak 
were let down perpendicularly upon the mercury, more 
or less of both would certainly bo enclosed between 
tlio glass and the amalgam. On the contrary, by 
sliding it forward in the manner described under tbe 
surface of tbe mercurv, tlie pure metal alone is brought 
into contact with the glass. To get rid of the excess 
of quicksilver, tlic plate or mirror is loaded with 
weights, and the table is inclined .at an angle of ton or 
twelve degrt'es, when most of tlie imcombiiied mercury 
flows away. The last portions are removed by placing 
tli^ plate in an upright position, and in the course of 
three or four weeks a dry pf'rmanent coating of tin 
amalgam is left on the glass. 

A great disadvantage attending this ojicralion is the 
serious detrirnimt to the health of the 'W'orktneu from 
the va^ior of the mercury ; another objection is the 
very considerable time rcqiiin‘d to complete tbe work; 
and, lastly, Ibo process is subject to ficqiiont failure 
from dilfcrent causes : the plates often break under 
the iircssure of the weights, aiul, when set on c<lgo, 
droj)S of nuTciiry sometimes trickle down, and carry 
tbe amalgam with them, producing curved streaks, 
UH'hnically termed irorms^ so that it becomes necessary 
to re-silver the wliole mirror. TJic amalgam, also, is 
liable to spoil by crjsstallization, and is easily injured 
by carriage,. A pioeess j»roj)osed by Dkayton, and 
tested by Fakaeay and WAUiNiiTON, is free from 
these defects. It consists in employing a silvering ' 
Jlidd^ obtained by mixing ammoiua with nitrate of 
silver, filtering tbe mivture, and adding to it an alco- 
holic solution of oil of cassia. The proportions are 
one ounce of nitrate of silver, three ounces of alcohol, 
of the strength of 87 per cent., and twenty to 
thirty drops of cassia. Ti>is fluid has the property 
of depositing bright metallic silver on the addition 
of what is termed the reducing liquid^ consisting of 
a solution of one part oil of cloves in three parts 
alcohol. The term silveHng is, therefore, strictly 
applicable to this process, which is performed by sur- 
rounding tho plate of glass, after being perfectly cleaned, 
with a rim of putty, and pouring upon it a layer of 
silvering fluid to the depth of one or two lines. The 
oil of cloves solution is then added, and, more or less 
rapidly, in proportion to tho quantity of this solution 
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employed, a film of brilliant metallic silver is deposited, 
and attaches itself firmly to the glass. The coating 
succeeds best wlion a very smiill portion of the reducing 
liquid is used, so as to cause the reduction to proceed 
slowly. To cause the precipitation of four and a half 
ounces of the solution of silver, from six to twelve 
droj)s of the reducing liquid are suflicient ; and so thin 
is the film of metal thus dLqiosited, that a square foot of 
it only weighs from twelve to eighteen grains. The 
principle of the process consists in deoxidizing tlie 
oxide of silver, by means of the volatile oil, Avhich is 
efiected without evolution of gas, that might 
destroy tlic continuity of the metallic coating, while 
the nitric acid disengaged from the oxide of silver 
enters iuto combination with the ammonia. 

Great as may appear the advantages of this process, 
it has not been ai)plied extensively by the marnifuc- 
turers of mirrors, partly on account of the difliculty of 
ol)tixining, by this means, a pcvfeetly clear unspotted 
surface, and pjirtly on account of the dajkcr color of 
the silver coating, which gives a black ellcct to the 
mirror. Tliis black appearance is probably due to the 
sliado of the silver, although it has been also ascribed 
to the very pcifection of tlic coating, and the precision 
with which it rcflecls the rays of light, whereas the 
ordinary coating of tin ainalgatjj is crystalline, and 
refiecis the light to the eye in almost any position. 

The mixture now cin])loyt!d by ^Ir. Duayto.n is j 
somewhat diilereiit from that above given, and con- | 
bists of one part of ammonia, two parts nitrate of 
silver, three parts water, and thi(‘e alcohol ; tliis solu- 
tion, being filtered, is mix<'d with one-fourth part of 
gnvpo sugar dissolved in weak spirit. This racsthod, or 
one very similar, is stated by TiiLorzi: and Fklmy to 
be now successfully practised at Taris. The exact 
proportions given by tlumi are as follow : — Six hundred 
grains of pure neutral nitrate of silver are dissolved in 
one thousand two bundled grains of water. To this 
solution are added: — First, seventy-live grains of a 
liquor prepared from twenty-five parts of distilled 
water, ten of sestjuicarbonate of ammonia, and ten of 
ammonia, of sj)ecific gravity O’OHO ; second, tliirty 
grains of ammonia, spccilic gravity ()-t)H0; and, Lbiid, 
one thousand eight hundred grains of alcohol, spe- 
cific gravity O HbO. The mixture is left at rest to 
become clear. The liquid is decanted or filtered, and 
a mixture of equal parts of alcohol — specific gravity 
0*850 — and of oil of cassia is added in the jiroportion 
of one j)art of this essence of cassia to fifteen jiarts 
of the aigentiferous solution ; the mixture is agitated 
and left to settle for several liours, after wliicli it is 
filtered. Just before pouring it upon the glass to be 
silvered, it is mixed with onc-sevenly-eighth of its 
bulk of essence of cloves — comjjosod of one part of oil 
of cloves, and three of alcohol, specific gravity 0*850. 
The glass having been thoroughly cleansed, is covered 
with the silvering liquid, and warmed to about 100®, 
at which temperature it is maintained for two or 
three hours; the liquid is tlien decanted, and may 
be employed for silvering other glasses. The deposit 
of silver upon tlie glass is washed, dried, and then 
vaniished. 

VoiiL proposed to form the silver coating for Uio 


interior of glass balls, et cetera^ by dissolving gun-cot- 
ton in caustic potassa, with the aid of heat, adding to 
tho brown solution a few drojis of nitrate of silver, and 
the ammonia, until the precipitated oxide of silver is 
re-dissolved. This mixture is introduced into the glass 
ball, or other article to be loricatcd, and heated in a 
water-bath, when, after a certain time, the mixture 
becomes blackish-brown, froths up, and deposits all the 
silver upon the glass, forming a mirror which is said to 
reflect tho liglit with s\ir]»assing brilliancy. 

V. Flint-Glass. — This cornpound, which is com- 
monly tennod crfjstaly from ils great rescinblanco to tho 
natural prodiu^tion known as rock-crystal, is chiefly 
manufactured iuto articles of domestic use and orna- 
ment, such as tumblers, de canterS; wine-glasses, vases, 
drops for chandeliers, et cetera. In consequence of ils 
gr(‘at transparency and liigli refractive power, it is also 
formed into lenses fur ojtlical instruincnts. On tho 
Conliiiciit the term llint-gl.iss is almost exclubivcly 
aj)plied t,o glass wliich is expressly manufactured for 
tlie latter jiiiipose, and crustal is employed as the more 
comprclienbivo designation for glass containing lead, of 
which flint or o^jliuil glass is regarded as a variidy. 
Ill tills country, flint-glass and crystal are used jis 
.synonymous terms, and that p.irticular variety of this 
desenplion of glass which is manufactured for optical 
pin[)oscs is terined itpticaJ (jlass. 

Flint-glass is so called from the circumstance that, 
foHiicily, flints calcined and giound were employed in 
the manufacture as the source of the silica; but for 
many yeais past, Isle of Wight, T.ynn, or lleigato sands 
have been substituted. Tll(^so sands are not only 
inoie fjee rroiu iron, but less expensive in the jirepara- 
lion than flints, when washed and calcined. JSb>t only 
in this ros])(Mjt is the name Iimi>[)licablc. To convey a 
correct idea of its coinposiLioii, it ought to be termed 
lead or metallic glass, as tlie presence of a new ele- 
ment, leud^ is tiiat Avliicli dibliiiguishes flint-gla.ss or 
cr}'htal from tlio dillerent v,ip‘etics of glass already 
incntioiKul. It is also di.stinguislied from Knglisli 
crown and plate-glass by the use of potassa, instead of 
boda, in the mamitoetuj'ij. 

Dumas rcmaiks tliat, by all tho old writers, colorless 
glass, wlialev‘.r be its naluie or composition, is desig- 
nated indifl'erently under the name of CJ'i/stal. Thus, 
under Ibis common designation, wore confounded glass 
with a simple base of potassa, glass with a base of 
potassa and lime, and lastly, gla.ss with a base of potassa 
and load. It is necessary to be awaro of this confusion, 
if one wislics to read with profit the old works on 
glass-making. At the ])roHent day, the term crystal or 
flint-glass is rescrvial to denote tho double silicate of 
potassa and lead employed for the purposes already 
mentioned. 

"iliis beautiful variety of glass is admitted on all 
liands to bo of English origin. Its ipYcnlion was a 
natural and almost necessary conscquonco of the use of 
coal in tho English manufactorie.s — a usage whicli goes 
back to a very remote epoch. To prepare white glass 
in an open pot, with coal as fuel, is a problem which 
admits of being solved at the present day, but which 
could not be bo at an early period. To protect the 
glass from the contact of the smoke which blackened 
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it, it was necessary to convert the common pot into a 
retort with a short nock, which prosontod its mouth 
outside the furnace. But under this condition, tho 
vitrificaiion became too difficult for ordinary glasses ; 
it would have been necessary to increase beyond mca- 
Buro tho proportion of alkali. It was essential, there- 
fore, to find yie moans of increasing the fusibility of 
tho glass, without rendering it deliqu(‘Hccnt ; and this 
was accomplished hy riieatis of a suitable addition of 
protoxide of lead. The beauty of the product soon 
.issigncd it a higli rank among the diUbrerit varieties of 
glass, and the manufacture of it was not long in ex- 
lending even into countries where coal is not used. But 
in tliese localities tho manufacture could he conducted 
in common pots, taking care to manage the wood fire, 
so as to avoid all production of smoko, and modifying 
slightly the proportion of the substances employed. 

Flint-glass, however, is not entirely a modern inven- 
tion, or, at least, if it was necessary to re-invent it, it 
is certain that it was known at a very remote epocli. 
'I’his is demonstrated hy the analysis of tho ancient 
glass known as Virfjil's mirror ^ an o])cration perfoimed 
in 1787 hy M. FouaKiiOiJx de Bondauoy. This 
mirror, weighing thirty pounds, polished on both faces, 
transparent, hut colored a yellowish green, contained 
at least half its weight qj:' oxide of lead, and exhibited, 
moreover, all the eliaraeters of crystal. It had boon 
preserved in tho tn'asiiry of Saint Denis in Franco 
from tho time of its fabrication, which assigns to its 
rnanufactuic an c])oeh long anterior to the discovery of 
modem crystal, it is ovideiU, indeed, that the name 
applied to tluj mirror is ijf)t (*orrect, and proves nothing 
— that it did not belong to ViKGiL, and that it could not 
claim an antiquity so remote. This article only proves 
that the method of making lead-glass had been long 
known, and that tho proecsses of the manufacture must 
have been well understood, since at that time a mirror 
could ho formed of a size which would be deemed 
reiuarkahle even at this day, and that the secret had 
been lost during a long succession of years. It may 
ho affirmed, indeed, that tho colorlrss crystal or lead 
glass of tho present day, or, in other words, a erystai 
possessing that quality which coiistitutos its chief 
beauty and value, is onfindy of modern invention. It 
is very natural to suppose that the method of making 
a colored crystal like Virgil’s mirror might he known 
to many inediaival chemists, wiiliout assuming that 
they equally knew how to prepare a pure and colorless 
crystal like that now manufactured under the name of 
iTmt-glass. 

Composition arid Properties of Flini-GUiss . — Five 
elementary anal 3 ^scs of ciystal or common flint-glass 
have been given at page 192. The table in the same 
page, in which flint-glass is associated with strass and 
enamel, refers to that variety of flint-glass known as 
optical glass. From the former analyses it will he 
seen, that tho composition of common flint-glass, after 
deducting tho extraneous constituents, may be ex- 
pressed by tlio foUowvng formulae : ™ 

I. KttO, 2 SiOg + 3 (PhO, 3 SiOp). 

n. 3 (KO, 3 SiCU -I- 4 (PbO, 3 SiO.J. 

TTI. 2 KO, 2 -f 3 iPbO, 2 SiO'a). 

IV. 8 /kO, 2 Sity -f 3 {PbO, 2 SiO.,). 

V, KO, 2 SiOg) -f PbO, 2 SiOs). 


In one case, therefore, triple silicates are the proxi- 
mate constituents of the glass ; in the othci’s, double 
silicates. In fact, the proportions of the three essential 
constituents, namely, silica, potassa, and oxide of lead, 
vary according as tlie melting furnace is heated with 
wood or coal. In the latter case, the proportion of 
oxide of lead is increased. Tho following analysis by 
Dumas has been already given at page 192, but is 
hol e repeated, to show tho proportion of oxygen in the 
bases, as compared with that of the silica or silicic 
acid .— 

CcntcsJniany. Orygen. 

Silica, 66 .. 2y 

lame, 2*6 .. 0-72‘) 

Oxide of lead, 32'5 . . 2 26 5-4-47 oxygen of the bases. 

Potast^a, 8-9 .. 1-60 ) 


Here the oxygon of tho bases is to that of tho acid 
as 1 : 7. In the following analysis hy M. Bertiiiek, 
of a Voneehe crystal made with coal as fuel, tho propor- 
tion is nearly 1 : 9 : — 


Ci'ntfMmnlly 

Silica, Gl-0 = 

Oxide of lead, .... 33-0 = 
PcjIast'U, 6*0 =r 


2-3 \ 3 -3, oxj’^gon 
1-0 J of the bases. 


These two analyses sliow, beyond all doubt, that tho 
law of saturation of crystal or lead-glass varies within 
wide limits. 

Many metallic oxides arc capable of combining with 
siludc acid, and thus furnishing silicates which readily 
mix with alkaline silicates; but almost all these are 
colored. Till lately, the protoxide of lead and tho 
oxide of bismuth w^ero regarded as the only oxides 
capable of yielding silicates with little color, and, con- 
socpicntly, colorless glasses, hy their mixture with tho 
silicate of potassa in a proper proportion ; hut a ffhfss 
of sinCy which had a very pleasing and white appear- 
ance, and was specially suited to achromatic purposes, 
was tho subject of a reward at the Great Exhibition of 
1 851. This glass had the remarkable property of being 
of greater sja'cilic gravity, and much more pure and 
pellucid than load-glass. It is to be expected, there- 
fore, that the former may come into general use. On 
the contrary, the oxide of bismuth is nmeh dearer than 
that of lead, and hitherto the latter has been alone 
employed in the manufacture of common crystal. 

Crystal or flint-glass well prepared is almost without 
color. It is more transparent, more brilliant, and 
heavier than Y/latc or window-glass. It excels tho fine 
Bohemian crown-glass in refractive power and easy 
fusibility, although the latter is harder and more com- 
pletely colorless. Flint-glass, of not less than the usual 
density of 3 200, well polished by the lapidary, is con- 
sidcired tho nearest approach to the diamond. It owes 
its brilliancy and high density to the silicate of lead ; 
hut as the latter is itself yellow, it communicates a yel- 
lowisli tint to tho crystal when it preponderates over 
tho alkaline silicate beyond a certain limit. There is 
also another reason for avoiding to use too much of it. 
The silicate of lead is much softer than tlie alkaline 
silicates. In too largo quantity, therefore, it renders 
the glass so easy to scratch hy the aUghtest friction, 
that it could not be employed for most of the articles 
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of domestic use or luxury into whicili it is fasliiouod. 
Moreover, this addition rendering it both heavier and 
more costly in the inanufacturo, would be at least use- 
less, even if it were not absolutely prejudicial, for the 
reasons already mentioned, it is a common mistake 
to suppose tliat great density or muijht is an advantage 
in crystal for articles of common use. It is, on the 
contrary, as Dumas justly remarks, a real inconveni- 
ence, and, in the most fa^'orablo view, can only be con- 
sidered as a ready means of showing that the crystal 
or flint-glass contains enough of silicate of lead to 
impart to it all the other qualities which give it its 
peculiar value, and render it preferable to other glasses 
for certain pur])osos. 

As lead aiVords tlie only metallic oxide which is 
usually cmployeil in the manniacturc of flint-glass, so 
potassa is the only alkali wlii(;h can be successfully 
associated with that iugredient to yield a colorless 
crystal. The silicate of soda always communicates a 
blue or green tinge, which would become more per- 
ceptible and disagreeable in the tliiek ariich\s usually 
manufactured of crystal. If this thickness were luTicli 
reduced, the silicate of soda might, so far as color is 
concerned, be used in the manufacture; but as ciystal 
vessels are generally iiilcndecl to receive mouldiugs or 
cut ornaments, they do not admit of being made thin 
in tlic sides. The annealing, also, would heeomo a 
diflicult operation in \essels of conHideral)le si/.o with- 
out a pro[)ortionate thickness. Crystal is so fusible 
that it is not easy to prcvcuit such articles from sinking 
in, or collapsing, during the annealing. This kind of 
glass is, therefore, almost exclusively confined to the 
manufacture of thick artielc.s ; and hence it is only the 
colorless silicates that can be used — that is to say, those 
of lead, or zinc, and potassa. it is stated, indeed, 
that M. Bontemps uses soda instead of potassa, or a 
mixture of the two, in his reeii)e for optical glass; but 
this is an excej)tion to the general rule, and requires 
explanation. Tlic following practical recipes arc given 
by M. Bastenaihe for a good common tlint-glass, the 
one witli coal, and the other with wood as fuel ; — 

with coal WiHi wood 

an fuel. an lut-l. 

rouiidfl rouuilB 

Pand — wafelied and calcined, , 100 100 

Minium, 70 45 

Turified potasrsa, 30 35 

In addition to these, cnllet or broken glass is added at 
discretion, and saltpetre or arsenic is used as a decolor- 
ing material. It will be seen tliat, when coal is used, 
the sand, red lead, and potassa are nearly in the pro- 
portions of 3 : 2 : 1 ; but tliat, when tlie composition is 
fused in open pots, with wood fuel, the pioportion 
of the red lead is much diminished. The following 
composition, in wliich the above-mentioned proportions 
of the principal ingredients are exactly adhered to, is 
given by Mr. Apsleit ITxi.at, as yielding a highly 
pellucid and transparent flint-glass : — 

Carbonate of potassa, one hundredweight. 

Red lead, or litharge two hundredweiglit. 

Sand — Avashed and burnt, . . three hundred >veight. 

Saltpetre, fourteen to tweiify-eight pounds. 

Oxide of inungancHi;, f*uir to twedve ounces. 

Gullet, or broken glass, ad libitum* 


Such is the most common proportion; but DuMAS 
aflirms that a finer and more durable product is ob- 
tained by reducing tlio amount of alkali; thus, for 
three hundred parts of sand and two hundred of 
minium, ninety to ninety-five parts of purified carbo- 
nate of potassa, instead of one hundred, will yield a 
better result when the furnace draws \ijgll — in winter, 
for example. But in summer, the preceding propor- 
tions must he used, or the following French recipe ; — 


rnrifu 

rure sand, 300 

Minium, 215 

I’unlicJ carbonate of potassa, 110 

Nitrate of jiotassa, 10 

Boiax, 12 


Tt has been stated, that when open pots are used, as 
on the Coiitiiierit, willi wood fuel, the proportion of 
minium may be j educed. This arises from the cir- 
eurnstance, that the oxide of h'ad, being an active fiux, 
is less iieeessaiy for the fusion in uncovered pots, which 
admit of the direct action of the heat on the contained 
mixture or metal. However, the use of the three 
essential ingredients in tlic ordinary proportion of three, 
two, and one, is, in all cases, a safe one. It is cliiclly 
for economy that the rnininm is reduced in amount, 
wluin the healing powiT of the furnace is suificieiit to 
jierinit the rcdnclion. On tlic other hand, if the minium 
bo loo miieli reduced, the beauty of the product will 
sillier. I’lie lowosi proportion of this ingredient which 
can be iisial with safety is sliown in the following com- 
position, which yields a good crystal : — 


Paitit 

Ssind, 300 

Minium, 180 

rnrilM’d (.arbtMiale ol j)oiaBSii, 120 

Cullct, 300 

Arsenious nciil, 0*45 

Oxide of mungcUiuse, 0*00 


'Idle mere due proportioning of the materials for 
flint-glass is not suflioient — the utmost attention must 
bo given to have them in a state' of purity. The silica 
or sand shoidd be very white, and absolutely free from 
coloring oxides, as tliosc of iron or manganese. Some 
manufacturers cleanse the sand by Jiand-washing, and 
others have machine's. To render tlie Isle of Wight 
sand fit for making flint and otlier compound glasses — 
that is to say, to cleanse it from chalk and other im- 
purities, by which it loses about one-fifth of its original 
bulk, rcipiires about eight waters ; it is afterwards 
passed through a heated arcdi, called a calker, and 
thoroughly dried, or burnt, at the discretion of ibo 
operator; and tlnai sifted through a lawn-sieve, to 
HCiiarate the larger grains and jiieccs of coal or coke. 
Dumas recommends tliat the sands bo washed with 
dilute hydrochloric acid, to remove from them any 
traces of oxide of iron or of manganese. 

The carbonate of potassa also requires a preliminary 
jiurificatiori, which is easily effected by dissolving it in 
water, decanting the quite clear solution, and evaporat- 
ing the liquor. All the coloring oxides are deposited, 
and by the evaporation carbonate of potiiesa is obtained, 
mixed with other salts, but at least quite free from 
oxides of iron or of manganese. If the nitrate of 
potassa were low in price, one might cmjiloy it to 
replace the carbonate. 


G LASS Flint-Glass. 


231 


The protoxide of lead, or lilharf;e of commerce, is 
almost never pure. It contiiiiis oxides of copper, of 
iron, or of manganese, in too great quantity, in most 
cases, to admit of its making a colorless flint-glass. 
Moreover, an oxido of load is expressly manufactured 
for the making of crystal. In general, there is selected 
for this purpose a very pure lead, which is carefully 
oxidized, to avoid introducing into it foreign and inju- 
rious matters. It is the practice to Ciirry tlio oxidation 
of the lead to the state of miiuurn Phg 0^. Not 
that the crystal contains red lead; the latter loses 
by the action of the heat a portion of its oxygen, and 
passes again to the state of protoxide which alone 
forms part of the glass. But it is advantageous, and 
probably even indispensable, to furnish to the mixtiue 
which is to produce the flint-glass ji body capable of 
yielding ox 3 ‘gen at the beginning of the fusion. 

It has boon 8]i})posed that this disengagement of 
ox'ygen was necessary to produce in the glass the agi- 
tation which prevents this pioduct from sej)araiing itsc'lf 
in layers of diilerent densities. But Dumas ol)serves 
that the deeonipositioii of tlic miniuni must bo con- 
cluded long before tlie fiisien is elVected. TJie oxygi 3 n 
whieli the minium disengages bus very ])robahly, for its 
object, to burn an organic matter analogous to ulinin, 


which is found in la^o quantity in the crude salt ; a 
matter which is decomposed in part, calcining this last 
to make potassa of it, but which is still found in the 
potassas of commerce in notable quantity. This matter, 
put in contact with the protoxide, wOuId reduce it to 
the mcUillic slate, and would color the crystal; whereas, 
being burned by the oxygen of the minium, it disap- 
pears, without leaving a trace of its existence. 

It is evident that the same result would be arrived 
at by using nitrate of potassa instead of the carbo- 
nate, and that the minium might be replaced by pure 
litharge, or protoxide of load. In point of fact, the 
small quantity of saltpetre which is usually added, 
exerts a beneficial cfiect, by increasing the proportion 
of oxygon, and assisting to drive off tlie globules of air 
in the liquid glass. This salt, wlicn the price admits of 
its application, is at once a pure and a purifying ma- 
terial. A few ounces of manganese arc employed to 
neutralize the greenish tint }>rodnccd by the presence 
of iron or other impurities ; and, with this view, the 
peroxide Jiuist ho used in the purest ciystallized state. 

M(‘Ulufj (iinl Fining of Flint-Glass , — The plan and 
sectional elevations of a melting furnace, figured at 
pages Ult) and 200, are equally applicable to flint-glass, 
and other desen'ptions of glass, except tliat for bottle 
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and crown-glass the furnaces are usually oblong, and 
are only constructed to conbiin from four to six pots ; 
whereas, for flint-glass works, rouuJ furnaces, contain- 
ing from eight to twelve pots, are almost exclusively 
used. Mr. Apslf.y Pkllatt remarks, that ten pots 


of thirty-six inches diameter arc the medium number 
for a well-proportioned furnace, and are found the most 
economical for fuel. When the furnace has too large 
dimensions, too great an area is left unoccupied by the 
pots or fuel, and too small a furnace exi> 08 es the backs 
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of the pots to hang over the fh'c-ijlace in the centre, 
which in time enlarges by huniing away, and causes 
the pots to crack at the bottom, or back, by cold 
draughts through the fire-bars. According to the same 
authorit}’^, a funince of twelve pots, exposing a much 
larger unoccupied area than a ten-pot furnace, will 
consume nearly double the quantity of fuel in uselessly 
heating the interior, whereas twelve pots of melted 
metal will hold only in the proportion of one- fifth 
increase. On the other hand, furnaces of less dimen- 
sions than eight pots are objectionable, through the 
great loss of pots, in consequence of the comparatively 
small size of the siege. In the Falcon glass-house, 
heloiiging to Mr. Pell ATT — and from which have ema- 
nated many important improvomeiits — there are two 
furnaces, instead of one, both opening into the same 
Hue, as represented in Fig. 172, which shows also an 
interior view of the glass-honso and working operations. 
By this arrangement, while one of the fiirnaros is in 
full operation the other may he undergoing rei)air, or 
the working of one may he entirely suspericled without 
injury to the other, during a dullness of trade. 

But the principal and only essential dilTercnco in tlie 
conditions for the melting and fining of flint-glass, con- 
sists in the shape of the jiots, wlii(ih, as rcpri'scntcd in 
Fig. 142, page 201, are distinguished from tliosc em- 
ployed for other descri}>tions of glass, hy being covered 
with a hood-shaped top, the montli (if which fits the 
working holes of the furnac'c, so that the smoko and 
lieat cannot escape in tlie same way as in the usual 
glass furnaces. Open jiots arc used in some parts of 
Fmncc for flint-glass, with dried beech or oak-wood 
for fuel, and so little carbon is produced hy the smoke 
as not to aflect materially the metal, although the 
flames play upon its surface; hut when coal or (ioke is 
used, as in tliis country, the fumes and smoko emitted 
would carhonizo or deoxidize the lead, and precipitate 
it to the bottom in the original metallic state, if the 
pots were not covered; hcsiih'S that the solid jiarticles 
of soot would blacken the glass, hy attaching them- 
selves firmly to its snrfat'C. 

The ingredients previously meiiLioned, having been , 
caiefully mixed together and sifted, are brought to the 
furna(je in wooden vt'ssels,]ike hand-haTTOws,and tlirown 
into the pots in 8iiC(msive charges with an iron shovel. 
In this state the hatch or frit, as tlie composition is 
called, is of a salmon color, tlie red tinge being derived 
from the oxide of lead. English melting-pots, which 
arc usually much larger than the French, bold about 
eighteen hundrodweiglit each, and the hatch is intro- 
duced in quantities of about four hundredweight at a 
time, allowing a sufficient interval between each filling 
for melting down the various charges, until the pot is 
entirely filled with fused glass. By this method, says 
Mr. Bellatt, every pit in the funiacc is fully charged 
with liquid metal in about twelve to fiftcon hours ; air- 
hubhlcs and strine then abound, and tlicy are not cx- 
liellcd until thirty to forty hours more have elapsed, 
during which period — namely, from fifty to sixty hours 
— the gas ami air-hubbles arc driven off, and the mass 
becomes homogeneous. During the founding, the j 
months are Rocim‘ly stoi>percd and clayed up, and tlie 
furnace is urged to its utmost intennily. liio shorter 


the time of fusion and refining, the better; for this 
purpose the heat can scarcely bo too great. With 
the best possible recipe, and the purest materials, good 
results depend upon an intense and continuous fusion ; 
too little caloric will fail to refine the metal and drive 
off air-bubbles, and the coloring matter of the manga- 
m^so; and too long continuance of intense heat will 
destroy the manganese, cause the glass to attack tlie 
pot, and hccomo striated, gelatinous, and grcenisli. If 
the glass do not g(jt fine by the usual time allotted, but 
becomes coddled or gelatinous, it never will recover, 
however urged by subsequent fusion. Such glass must 
he ladled into water, and considered only as culkd for 
re-fusion, with a proj»ortion of new materials. The 
moment the mi'tal is fully fused, and rofmed hy con- 
tinuous rajud fusion, the liigh temperature of the fur- 
nace should he reduced fr(»m its maximum boat to a 
wmking temperature; this jxiriod being considered the 
cr/.s’/.s*. When fiint-gl.iss is ke]>t in fusion beyond the 
erisis, it not only assumes a grticnish tint by acting 
upon the iron of the Stourbridge clay-jiot, hut takes 
up a small portion of its alumina, which, hy its inferior 
density, rises to the surface, frequently with detached 
[Kirtioiis of the pot, causing sliiie and other impurities, 
wliieli injure its quality for common uses, and render 
it entirely until for ojitieal jmrposi’s. Formerly, scum 
or sandivor was allowed to run off, or was skirniiK'd 
from the surface of the jiots wlien opened for working, 
Imt the modern n'lative proportions and purity of tlie 
chemical materials are so good, as seldom to render 
this Kkirnmiiig necessary. — Pellatt. 

Mcchtniml OperatiovH . — The mechanical operations 
connected with common bottle glass, crown, sheet, ami 
plate-glass, arc unifonn iu their character; the doscriji- 
lion of the making of one bottle, or of one table, sheet, 
or plate of glass, applies to all. On the contrary, iIk' 
infinite variety of shapes into which common flint-glass 
or crystal is mamifaclurtjd, would render a eomjilete 
account of the iiiani[)ulations tedious, oven if it wore 
not iu some degr(*(j foreign to the [>laii of this w(»rk. 
Only a few example's will, tlioreforc, be sedectc^d, to 
illustrate the general eliaracter of these ingenious pro- 
cesses. 

Flint-glass is either foriued h}^ simple blowing with 
the pipe, and then Bhajiirig by hand ; or, secondly, hy 
blowing in moulds ; or, thirdly, hy moulds alone, in 
whicli the glass is subjected to pressure. In ea(‘h of 
tluiso cases, the form and appearance of the aili(‘lc arc 
very generally improved hy grinding, cutting, el cetera. 

By way of illustration, the common tumbler may be 
mentioned as oikj of the sini- 
plc‘St articles to make by Imiid 
In this case the workman col- 
lects on the end of tlie pip(^ a 
small quantity of glass — Fig. 

17ft; this is rounded on the 
marver, expanded hy blowing, 
and Romcwliat elongated by 
swinging, wh(‘n it assumes the Fig. 174 . 

form — Fig. 174. The pipe is 

then suHjKmded vertically, and the glass is allowed to 
drop l)y its own weight upon tlie marver, which flattens 
it at the extremity; and, being* at the same time further 
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blown, it now resembles — Fig. 175. The pipe, with a 
portion of the glass, is then dotached, by touching the 
])ioce with the cold pu- 
cellas at A : this con- 
tracts and slightly frac- 
tures the gliiBS, which 
is, subsequently, cracked 
through tho entire cir- 
cumference by a smart 
blow of the same instru- 
ment. In the meantime, 
the polity has been at- 
^ tached by adhesion to 
tho flat end, it, and the 
other end, which now 
corresponds to the dotted 
line, is first expanded 
Aith the pucellas, and 
tlien sliearcd as at c — 
Kip 177. Fig. IVd— so as to make 

it prrfeetly even, as at D— Fig, 177 — and fit it for the 
flashing and finishing. Finally, it is knocked off from 
tho i>onty by a sharj) blow, and taken to the annealing 
arch. 

J’art of the above process is omitted for common 
liglit choai> tumblers ; tlicsc arc not sheared, but simply 
ilaslhjd, and no pains is taken in subsequently jiolisliing 
out tho marver marks. Hence they arc often ringy or 
wavy. 

Wine-glasses arc usually made in three jiicces. 
Tlie i^roccss is the same as for the tumbler, till tho 
gathering assumes tho shape represented in Fig. 175. 
A fi<rfid ball of glass is then attached to the flat end, as 
hi Fig. 178, tilis being a separate gathering, out of 

rip. 178. 




Fig 180. 



which the stem is shaped by the pucellas, while it is 
rotated on tho inclined planes of the glass-maker’s chair. 
It then assumes tlie form rej>resonted in Fig. 179. To 
form the foot, a small hollow globe is now attached to 
the stem, which is afterwards opened by the pucellas, 
as in Fig. 180 ; and when the pipe, with a portion of 
tho glass, is separated from tlie other end, and tho 
mouth expanded, sheared, and flashed, the glass finally 
assumes the form represented in Fig. 181. I 

To make a ringed decanter, tho glass, by tho process 
already described, is brought to the form represented in 
Fig, 1 82. Tlie ponty is then altnc.bcd to the flat end, 
VOL. IT. 


and the mouth is warmed up, and shaped with tlie 
pucellas, as in Eig. 183. Another workman then 
gathcra upon a ponty 
a small piece of glass, i82- 

which is dropped on 
near the mouth, as 
shown in tho same 
figure, and, by rotat- 
ing the decanter, tlie 
entire circle or ring is welded by contact, and its sur- 
plus tapered and torn suddenly ofU By rc-heating the 

Fig. 18.3. 
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decanter, a second, third, and fourth ring may he added, 
as shown in Fig. 1 84. 

The process of blowing and moulding common green 
glass bottles 1ms been 
briefly described at Fip. 184. 

page 210. Bottles 
and other articles of 
flint-glass arc blown 
and moulded in much 
the same manner, but 
the liner descriptions arc afterwards cut and ground. 
Moulded glass never exhibits a full lustre, nor even the 
sharpness of the metallic mould. Tho glass, not being 
peifoctly liquid, docs not penetrate into the sharp cor- 
ners, nor does it even accommodate itself perfectly to 
the flat sides of the mould. Hence the edges arc blunt, 
and the surface is never perfectly even, but more or 
less curved and wavy. Moulded articles can, tlierefore, 
never be compared with cut-glass, but soTue are now 
j)roduced of remarkable beauty ; and even as a prepa- 
latory step fo grinding, the use of moulds is of grant 
■ ulvanlage, as the vessel acquires a regular form, and 
presents, althoiigli in a crude state, all tlie promiiuml 
and recoding features, to be perfected at the lathe. 

The moulds for flint-glass arc carefully constructed 
of brass or iron, and, when of simple construction, are 
somewhat wider at the upper part, that the pieces mky 
be easily removed, or arc composed of more tlian one 
piece when projecting parts are to be moulded. A 
common open and shvt nirndd, such as is used for 
apothecaries’ phials, as well as for common wine-bottles, 
is shown in Fig. 185. It is constructed in two exact 

Fig. 185. 

hah^es, connected with a bottom hinge. The gloss to 
bo moulded is gathered on tho pipe, rolled on the 
marver into a cylindrical form, and then pinched with 

2 Q 
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the pucellas at the end attached to the pipe, to form 
the neck of the bottle. The cylindrical mass, still 
adhering to the pij)e, is limn inserted into the mould 
lying on the ground ; its two halves are shut; and the 
workman blows through the tube^ which renders the 
mass of glass hollow, while it roecivea from the mould 
the external form required. AVith this form of mould 
two scams or lines are pioduced, by (he two sides of 
the mould not shutting quite closely. In round bottles 
these scams are imsigbtly, but they are scarcity ])ercop- 
tiblo in square bottles, as the joinings of the mould arc 
placed at two of the corners. 

This imperfection, though not entirely removed, is 
much diminished by the use of an improved mould, 
invented by Mr. Tellatt, and represented in Fig. 
186. It consists of one piece, D, lor the body, and two 
pieces, nn, for the neck. By tbiy constniction the 
seam dowm the body, so objectionable in round bottles, 


Fig. JSG, 



is avoided, although the nock is still marked by two 
slight seams. The neck-pieces, wdiich arc kept opcji 
by a spring, c, are brought together, after the insertion of 
the globe or spheroid of metal, by the guide, K, on 
jirossing down tlio treadle, F, with the foot. The 
\\orkman then blows tlirough the pipes, and, on raibiiig 
bis fo(»t, the counterweight, A, fall^, and tlie liottlo is 
leadily taken out. 

Moulded Roman RLUam . — With reference to this 
species of moulding, recently introduced by the Luglisb 
manufacturers, Mr. PCL- 
j.A'i'T remarks that it 
owes its refractive and 
ent-bko effect to its ino- 
rp lull ties of substance, the 
interior Ijaving no inden- 
tations to correspond with 
its exterior projections. 
In this case the mould 
is only about one- third 
the size of the object to , 
be manufactured. The j 
, metal is first gathered 
upon a ]dpo in the ordi- j 
nary manner, except that 
the first gatliering is al- 
lowed to cool more than j 
usual, and the second coating is pressed into the mould, 
A — Fig. 187 — as hot as j>ossiblo, so tliat only tlie exte- 
rior jJortion may be acted on by the mould, while the 




Fig. 168. 



interior preserves its smooth circular section. When 
about half-formed, the ]>rojcoting parts, B — Fig. 188 — 
have a centrifugal enlargement given to them by a shaip 
trundling of the iron at, or immediately after the blow- 
ing. During the 
rc-hoating pro- 
j cess, the piece is 
S(q)arated at the 
dotted line, c, 
has a foot welded 
to it, and is re- 
wanned as D — 

Fig. 1H9. Jt is 
then si I cared, as 
F — ^Kig. 190; and 
wdien finished by 
llashing, sliaping, 
ct ( ( t( rn, so as to app(‘ar 
.;s in Fig. 191, it is known 
us ])ateiit pillai mouhling. 

A little cutting or scol- 
loping makoH tlii.s refrac- 
live inouldmg still mors 
ornanumtal ; but though 
it mncli resembles cut- 
ting, as to its round 
pillars, it is inferior where sharp angles are required. 
Pillar moulding is, hovvevei’, one of the greatest modern 
im])rovf!ment.s, and is used advantageously for lamp- 
pedestals, chandelier weak, toilet- bottles, salt-cellars, 
(trrtrra, at very rnoileratc cost. — PclLait. 

Jt may here bo remarked that all bottle-moulds 
require, while working, lobe kept nearly at a red heat, 
either by a small funi.icn, or by a piece of hot gl.iss 
held inside by a boy on the end of a ponty-rod during 
the intervals of the moulding. This precaution is 
essential to the poli.sh, but the heat ol the moulds must 
he kei)t below' redness, otherwise the glass w'ould ad- 
here to tijeni. 

IWsuoff /. — The third method of manipulation with 
Hint-glass, is moulding by prc.ssure — an American in- 
ventiojj, whicJi cojisists in dropping the soft metal into 
a prepared die, and then pressing down the matrix or 
jfiiujgcr u]>on it by means of a lever. The chief con- 
ditions of success in this operation are, to take care 
that snnieient glass is introduced to fiU the mould, and 
that the latter is kept at a steady t(*mperature, a 
little short of nid heat, to produce a polished surface. 
When the die or mould is once formed, articles are 
produced in this w'ay wdth great rapidity; hut much 
])ractico and d(;xterity are required to gather the exact 
quantity of metal. Under this head may be mentioned 



drop -pinching, or the moulding of drops for chande- 
liers, girandoles, and candlesticks. In this case, lumps 
of glass made expressly for the purpose, are first 
softened by a hlast-fumaco, and then shajied in twin- 
di's, A u— Fig. 192. Arms of ohandcliers arc formed 
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on the Bamo principle, but using a powerful leverage 
press. Both arms and drops are afterwards cut and 
polished, to produce tlie required brilliancy. 

CuttiTig and Polishing.— "VhQ finishing process which 
gives to tlie iincr articles manufactured of Hint-glass 
their distinguishing beauty, is technically termed cui‘ 
ting, but is actually performed by grinding, Tlie in- 
ferior hardness of flint-glass renders it fitter for tliis 
purpose than any other glass. The operation, as re- 
presented in Fig. 193, is performed by discs of iron, 
sandstone, or copper, revolving in a lathe which is 


usually propelled by steam power. The edges of the 
discs, which are sharp, angular, or roundeo, according 
to the work to bo peiformed, are supplied with sand 
aud water dropping from a hopper for rough grinding, 
and with emery for fine grinding, A stone-wheel witli 
water is employed to Kmooth out the rough sand-marks, 
and prepares the glass for the polishing, which is 
effected by means of a willow-wood disc, first with a 
mixture of pumice and rotten-stone, and finishing witli 
a preparation of tin and lead, termed putty-powder. 
All table-glass ware and hollow articles are thus cut. 


Fir. 193 



Chandelier drops are cut or ground wiih iron and stone- 
wheels in the same manner, but arc finished with a 
lead-wheel supplied with a little very fine rotten-stone 
and water. 

For many yeara the practice has been introduced of 
roughing lamp-lustres by means of sand, ft is easy to 
conceive how the exterior rough ing may he performed, 
but the rubbing of the interior surface appears a more 
difficult operation. It is, in fact, performed on a some- 
wdiat different principle. In this case, sand of a uni- 
form grain is put into tho globe or lustre; a certain 
number of these globes are arranged in a drum or 
cylinder, and a rapid rotatory movement is given to 
the latter, by means of which the interior surfaces of 
all the globes are quickly worn and roughed in a very 
equal manner. 

Olasi-lUngraving , — Small copper discs of the Bize of 


a halfpenny, and imely pulverized emery mixed with 
oil, are used to exociito the outline and ground of the 
glass-engravcr’a work ; and for polishing, lead-wheels 
and very finely pulverized emery are employed. Coarse 
pulterns for hall-lamps are engraved by Uic glass- 
cutter’s smoothing wheel ; and Mr. Pellatt remarks 
that the contrast of the polish of a wood-wheel upon a 
ground ronglied by sand is often effective, though tlie 
range of pattern is somewhat curtailed by tho largo 
size of tJie cutter’s ordinary wheels rendering it diffi- 
(Milt to execute curvilinear designs. For inscribing 
initials, coats of arms, and minute designs, very small 
discs must bo employed. The finest incisions are 
made with copper pencils, either pointed, or ending in 
a button-like disc. 

Etching on Glass . — It has boon stated at page 109, 
that hydrofiuoric acid, either in tho gaseous or liquid 
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state, exerts a peculiar action on glass, which has been moved by means of a knife and spirits of turpentine. 


turned to account as a substitute for cutting or engrav- 
ing designs ; and though not confined in its application 
to flint-glass, the process niay be appropriately de- 
scribed ill this place. 

For etching on glass by means of the gaseous acid, 
the glass is cleaned, well dried, heated, and melted 
varnish poured upon it, wliicli is spread in a horaogo- 
neouB coating. This varnish is formed of wax and tur- 
pentine ; it ought to be soft enough to admit of being 
removed by the burin without scaling it olf ; it is gene- 
rally fonned of one part of turpentine to four parts of 
wax. When the glass is cold, the varnish acquires a 
! little opacity, but not so much as to prevent tracing 

I Ihrougli it. The burin is then passed over the varnish, 

I following the lines of the figure, and cutting through 

I the varnish to the glass. When the figure is traced, 

I the glass so prepared is exposed to the action of hydro- 

i fluoric acid. For this purpose a leaden tray or eaithen 
I vessel is used ; in this is put fluoride, of calcium pul- 
; verized with conccntratcJ suljdiuric acid ; it is mixed 
j ! well, and the vessel is then placed on a very gentle 

I i fire, and tlio glass to be etched is laid over it At the 

j j end of some minutes from the time when the vapor 
! ! begins to rise, the operation is terminated j the glass is 

I I i then taktm off, and the varnish is removed by melting 

1 1 it, and wiping with a soft linen rag. 
j 1 If, instead of ex})osing tlic glass to the action of the 
1 1 acid vapors, it is plunged into the weak liquid acid, the 
j Biime effect is produced in a few moments. 

IVit when it is desired to produce a very pwe and 
correct figure, with half- tints and strong siiados, re- 
course must bo had to a longer and more delicate pro- 
cess ; a particular varnish, too, must be used. 

Tho best is drying linseed oil, or, better still, fat 
varnish of copal blackened witli lamp black, perfectly 
I pulverized, and sprinkled with oil of turpentine. Tlie 
coatings laid on must be very thin, and each should be 
(|uite dry beftu-e putting on a new one. The gla^s is 
sufllciently covcnul with varnish when the light can 
scarcely bo seen to pass through it. The design is 
then cojiicd through, ani! tho varnish is removed from 
the lines with the points of gravers, or simple needles 
of dilferent forms and sizes. For greater convenience, 
the design is liglited from below by inclining it at an 
angle of about 4.’')'' on a desk pierced for a window. 
I’he position of the glass enables one to perceive the 
most delicate lines. 

After having formed the figure, it must be corroded out 
j with liquid hydrofluoric acid ; butbeforo commencing this 

I operdtion, it is necessary to test the glass as well as tho 

I j acid. This preliminary trial is made on a small piece 

I I ; (jf the same glass, covered with tho same varnish. 

I This piece is divided into five or six parts; on each 

II of tliese parts some traces arc drawn with the needle, 

I ; j and the operator covers them successively by means 

j ! ; ut a pencil with liquid hydrofluoric acid. A rainute is 

! j allowed to intervene between each operation, so that 

I j when the acid has acted during one minute on the last 

I I poition,. it has then been in contact with tlm glass for 

j I two minutes on the preceding one, and for six minutcH 
, j on tho first. This being done, the slip of glass is 

j j washed with plenty of water, and tho varnish is re- 


It is then easy to determine the proper time for allow- 
ing tho acid to act upon tho design to be etched. 

Bedfokd j)atentc(J a peculiar process for etching 
glass, which consists in grinding five parts of peroxide 
of lead and one part of flux, composed of seventeen 
parts glass of borax, and thirteen parts of red load, 
fused together. The peroxide of lead employed is 
puce -colored, and with the above composition the artist 
paints the devices or designs upon the surface of tho 
glass. When tho etching is to he done on colored 
j glass, acetate of load is substituted for the oxide. The 
I article is then dried, and fixed in the same manner as 
in gilding glass. When cold, it is dipped in a weak 
solution of nitric acid, and as soon as tlio painted 
designs are acted on, it is placed in water, and the 
preparation removed from its surface. 

On tlio whole, it must be admitted that etching by 
fluoric acid, though ])ructised to some extent, and in 
some particular cases with marked success, has not 
bocii found oflective for general purposes. It is use- 
fully applied, however, to form the scales on thei - | 

rnometer tubes, and written or printed inscriptions on 
glass vessels. 'J’lie attempt to make it subservient to 
tyjKigrajiliical purposes has been a failure. 

Optical Glass. — There are two kinds of oplieal 
glass- -flint and crown — which, ha^illg dilferent refrac- 
tive and dispersive powers, may bo so eornhined in tho 
object-glass of a telescope that, while tho rays are 1 
brouglit to a focus, the greater dispersion of tho flint j 
lens m.iy be corrected by the less dispersive power of 
the crown “the one being negative, tlie other positive. 
Herico, by their conihination, tlie lenses acliromatize 
each other, or transmit colorless light. The celebrated 
Dollond, in 1753, aided by the co-opeiation of Kulkr, 
and of IvLiNCiKNSTiEKNA thc ywcdisli mathematician, 
succeeded, after many experiments, in discovering the 
due jjroportiuns of the curvalures of tho two Jenses; 
but still two important proldems remained to bo solved 
— the best chemical constitution ol the glasses, and how 
to obtain them sufliciently free from the defects of ordi’ 
nary glass to bo adapted for optical inslrumonts. It is 
this last question which jiresouts tlio greatest difficulty. 
Purity, unchangeableness of color, transparency, and 
a certain degree of refractive power, may be obtained ; 
but perfect uniformity in the structure of the glass, so 
as to render its oornposition absolutely homogeneous 
throughout, is much more difficult to be aocomplisbed ; 
and this is prooiscly the quality which is admitted to 
he the most indispensable for good optical glass. Tho 
difficulty arises cliielly from the differenoo in specific 
gravity of thc ditferent constituents of the metal. Some 
melt at a lower temperature tlian others ; some evapo- 
rate or are decomposed in a lieat required for the 
fusion of others ; and dilferent substances cool at dif- 
ferent temperatures. Hence arise disooloradon, threads, 
strife, in-egular crystallization, causing irregular refrac- 
tion, and all tho usual faults observable, more or less, 
in every description of glass. 

It seems to be now generally admitted that there are 
more impediments in fabricating crown-glass lenses of 
largo size, than in making good ones of crystal or flint- 
glass. The former requires a higher temperature, and 
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; by adding alkali to increaso the facility of fusion, it 
becomes more liable to attract humidity, or, as it is 
technically termed, to sweat. On the other hand, by 
r<?ndcring it too hard, one incurs the risk of crystal! iza- 
' tion and imperfect vitriticatiop in cooling. 

For .a long period, however, the principal attention 
of opticians and ^ass-inakers was devoted to tlio ma- 
nufacture of a suitable flint-glass, which was considered 
to present the greater difficulty of the two. Occasion- 
ally, the flint-glass manufacturers found in their pots a 
portion of glass suitable for opticians ; but this was an 
accidental product. The problem of the constant and 
regular manufactiue of good optical flint-glass still 
remained to be solved, when M. (Juinand, a workman 
in the clock- and watch trade, near Noufchatel, who 
had been accustomed to tlie fusing of metals in the 
prosecution of his business, devoted his attention to 
the subject, and succeeded in producing masses of flint- 
glass capable of furnisliiiig objectives of nine inches — a 
size previously unknown. Even the celebrated chemists, 
Macquer Uoux of St. Gobain, and Auut of Laugres, 
had never been able to obtain them of larger diameter 
than three to throe and a half inches. M. 1).^rtigueh 
also, one of the first manufacturers of flint-glass in 
France, and who to his high repuUition for practical 
skill added that of scicmtiMc knowledge, equally failed 
of success. GuinAnd’s discovery was tJiereforo hailed 
with much satisfaction ; but he kei)t the process a 
secret, (jxcept from M. Gtzsciineider and the cele- 
brated M.^Fraueniiofeer, who proposed to him to 
join them in their establishment at Munich. This 
offer GurNAND accepted, and tlie process was success- 
fully worked by them for several years without any one 
being able to discover it. After their deaths, one of 
GuinaniVs sons being in possession of his father’s 
method, continued the manufacture of oi>iical glass in 
j the environs of Ncufchatcil. The oth(?r son fc/rmed an 
1 association with M. Bontkmps, tyne of the directors of 
I the glass-work of Cfioisy-lc-Koi, but tlio cxiyerimcnts 
which were made by them eonjointly at tliat estahlish- 
montdid not succeed. The treaty was therefore broken; 
j but M. lioNTEMPS and his co-direetor, Af, Tiiideaii- 

I i>KAU, satisfied of the correctness of tlie principle, if 

j prtyporly ajyplied, continued their expcrira(ints without 

j excluding Guinand; and ultimately, in 1828, they 

i succeeded in protlucing good optical glass in discs of 

! from twelve to fourteen inc^hes, and a large quantity of 

* smaller sizes. From that time the manufacture has 

hoeii esttiblished on a regular system. In 1848, M. 
Bontemps was induced, in conseipicnce of difiicultios 
arising from the political state of the country, to retire 
from liis position at Choisy-le-Boi, and to accept the 
invitation of Messrs. Chance, brothers, and Com- 
pany, to unite with them in attempting to improve 
the (piality of this important branch of manufacture, 
j How far they have succeeded may bo judged of from 

I the fact, ^at they have produced dma of Jiint-ghtaa 

twmty-nine inehea in diameter^ weighing two huu' 
dredweight^ ami of erown-glaaa tip to twenty inehea. 
These discs are pure in color, good in structure, and 
exempt from those defects which fend to polarization 
of light. Bontemps’ proportions for opticiU glass are 
as follow:-- 
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It will be observed that optical flint-glass is chiefly ' j 
distinguished by the large proportion of lead whicli , ; j 
enters into its composition. According to Dumas, who , ! 

approached very near to the tnith in assigning its prob- 
able composition, ife density sliould not bo lower than , | 
3*6 at least. The essential point in the manufacture, ; i 
however, consists in the constant stirring of the mehd 1 , 
during the melting and fusing. The superiority ot • ' 
Guinand’s plan is considered not to have been in the 1 
novelty of the materials or proportions, but in carefully , i 
agitating the liquid glass wliile at the highest point of ! ! ' 

fusion, then cooling down the entire cwilenta of the p>t i j , 
in a maaa^ and, when annealed and cool, separating un- j ' ' 

striated [yortioiis by cleavage. It is worthy of remaik, i | ' 

that some time before Guinand’s death, a commission ' 
of the Astronomical Society of London, composed of 
Messrs. TIerschel, Faradav, Dollond, and Bogei’, ; 
liaving been instnictcd to conduct an inquiiy into the 1 
maiiiifacUire of flint-glass for optical puqiosos, arrived j 
at the result that the necessary improvement was chiefly , j 
inccliani(‘al, not chemical, and that freedom from striw ! 
could only be obtained by a constant agiUition of the • 1 

mixture. Faraday, who took tlic lead in the inquiry, , i 
both in his own laboratory and at the glass-w orks ot , j i 
Messrs. Pellatt, changed, however, the composition, ' | 

as well as the principle of fabrication, and produced a ' 
borate of lead of remarkable purity. This substance, j 
known as Faraday’s heavy glass, which lias proved 
so important in experiments connected with the polari- i 
zation of light by magnetic action, is composed of the 
following ingredients : — i j | 


Protoxide of lead, 101 

.Silicate of lea<I, .... . . . . LM 

Dry boracic acid, ‘i."! 


i j I 

This glass required but a retLbeat for fusion, thereby, ; , | 

as Mr. Pellatt remarks, offi^ring facilities for minute ; j 
agitating operations. It was found, however, not to be > | 

durable, and therefore not calculated for application to | j 

optical purjioses or general use. Tlie common process j 
for making optical glass is described by Mr. Pellatt j j 

as follows: — A ladle, in the form of a sugar-loaf, about i | l 

live indies in diameter and seven inches deep, is dipped ; i i 
carefully into the metal, which has been prodously ; I 
skimmed ; when filled, it is taken out of the pot, and ; | j 

Buftered to get partially cool. To tlie largo end of the | j 

sugar-loaf-shaped piece of glass thus produced, a glass- 1 1 j 

blowing iron with a hollow disc is welded, and placed | ! | 

to the opening or mouth of the pot for reheating; when ' ! 

sufficiently soft, it is blown into a muff; the end furthest , ^ i 

from the blowing-iron is cut off, the cylinder is flattened ; i 

into pieces or plates of fourteen inches long, ton inches 1 1 

wide, and about half an inch thick, and annealed ; iu 1 1 
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j which state the plates are sold to tlie optician for 
I cutting and grinding into discs. 

^inc Optical Glasa . — Allusion has already been 
made to a new kind of glass which was sent to the 
Great Exhibition of 1851 by M. Maks of France, and 
was honored with a Council medal, as an instance of 
! i novelty of chemical application in the manufacture of 

I j optical and other descriptions of glass. The basis of 

: ! this vitreous compound was oxide of zinc — a certain 
quantity of borax or boracic acid being added, to 
! give the glossy character for which the boracic com- 
pounds, no less than the silica, arc so eminently remark- 
able, combined with an easier fusibility. Its extreme 
limpidity, and total freedom from color, veins, and strine, 
appeared to the council jury eminently to fit it for tele- 
scopes, prisms, and other optical apparatus — as a substi- 
tute, however, not for the Hint-glass, but for the crown, 

! in achromatic telescopes. The low dispersive power 
of the zinc compounds points to the use of glass of zinc 
for this purpose. Its refractive index is 3-285, and its 
dispersive ratio, as compared with a flint-glass of spe- 
cific gravity 3-55, is as 0*6502 to unity. Witb reference 
to this peculiar glass, the following passage occurs in 
the Keport of the Council Jury on Optical Glasses: — 
j Suppose it should be found practicable — and the expo- 
[ rimeut is rccommend(jd to the attention of artists, as 
i one in which, when tried on a very small scale, some 
I success has actually been obtained — to form colorless 
I and uniform glasses, in which fluorine enters as a 
distinguishing ingredient, in combination with silica, 
alumina, or other materials ; the combination of such 
i glass, as a convex lens, with this new material of M. 

, Maks, or with ordinary crown-glass as a concave, 
j might be expected to produce achromatic object-glasses 
I of a very perfect description. 3’ho colored dispersion 
I to bo removed being much less than that of crown- 
I glass, owing to the peculiarity of tlio fluoric compounds 
I which beset the manufacture of flint-glass, arising from 
I the intense solvent power of the oxide of lead on tlio 
I crucibles, and give rise to struc and veins, would be 
I evaded. M. Maes, besides two pi isms of his new j 
i glass, of the most limpid purity, and jierfect freedom i 
i : from veins or stria?, exhibited two discs of four and a 
] half and seven inches in diameter, prepared for optic al 
I , use. In an examination, through faces cut on their 
' edges, no veins or strife were detected, and, conse- 
I qucntly, should there arise no objection to this mato- 
; rial, either in point of durability or facility of workiij-g, 
it will probably prove very vai liable lor the use of tin* 
optician. 

VI. Strass and Coi.drkd Gi.ASS. — The inaiinfMc- 
1 tiire of glasses tinged, colored, or stained, by difieient 
I , processes, has now bciromc a business of great and grow- 
I ing importance. The taste for stained-glass windows, 
which formed so distinguished a feature in the history 
; of a former period, lias revived, and is now displayed 
I in the decoration, not only of splendid palatial and 
i occlpsiastical structures, but even of many private 
dwellings ; the skill of the Venetians of a former day, 
in producing colored vases and other ornamental articles 
of glass of every variety of hue, is equalled if not sur- 
passed in modern times ; and artificial gems, or pastes, 
which are true glasses, are now formed, that omiikte, 


if they do not eclipse, in sparkling lustre and pure trans- 
parency, tlie rarest and most beautiful natural produc- 
tions of the mineral kingdom. 

Although all the varieties of glass can be colored at 
pleasure by virtue of the property possessed by the 
greater number of the heavy metallic oxides of produc- 
ing colored compounds with silica, yet in individual 
cases it depends upon the object in view, and even oji 
the nature of the color, whether a glass void of lead, or 
a lead-glass with its higher refractive power, is em- 
ployed as the basis for the coloring material. In 
general, however, the basis of the color, or that with 
which the coloring matter is actually mixed, is a lead- 
glass, and this, when real ghss-pnintimj is the object, 
is aj>plied either as a pigment or in a melted state on 
common glass or some other finished article ; in other 
cases, the colored lead-glass is itself formed, cut, or 
moulded into the finished artiele. When the latter is 
an artifieial gem or paste, a peculiar glass is eTnplo 5 ^ed, 
termed strai^a, wliich it may bo proper to describe in 
this place, before proceeding to give a short account of 
the (liflerent coloring materials, and the different methods 
of their lipplicalion in particular cases, 

Strussy so called from the name of its inventor, 
constitutes the only true glass not yet described, and 
forms, as above stated, the basis of artificial imi- 
tations of precious stones. For tJiis i)urpose a glass 
is required, possessing the highest degree of purity 
and transparency, combined with the greatest possible 
Inhtrc. Th(‘se requirements are found Jn a com- 
position analogous to that of flint-glass, hut contain- 
ing a much larger jiroportion of oxide of load and a 
lillle boracic acid. Lonai^lt-Wieland rocommcndeil, 
b}" way of example, cither of the three following mix- 
tures : — 


Gr.'>uncl lock-cryptal,. . . 

No ’. 

. ... 100 

No, 2. 

N.) 3. 

loo 

Sand, 

, . — 

100 


rnu' iiiiiiiiiiJi, 

... i 

— 

r.4 

Wln‘(e-k ad 

. — 

171 

— 

Punlii'd rauslic poLa'^su, .. 

. . Tj l 

32 

r,{j 

JJoiaru acid, 

... 7 

9 

0 

Aibonioua acid,. . 

.3 

‘3 

•10 


Timn these proportions, and from the analysis of a 
strass manufactured by Don A ui.T-Wi ELAND, which 
was given at page 192, it will he seen, that not only 
<loes the oxide of lead greatly exceed in amount that 
whicli is containtul in crystal or common flint-glass, 
but that it is present in larger proportion than even in 
optical flint-jjdass. This will be observed by glancing 
at the same table in the j)ago above -referred to, where 
flint-glass from Gitinand, or, in other words, optical 
glass, is placed in juxtajiosition with strass and enamel. 
The very large proportion of oxide constitutes, in fact, 
the distingiiishing peculiarity of the former, while tlie 
latter is further distinguished by containing oxide of 
tin, or is in reality a strass witli a mixture of oxide of 
tin or stannic acid. 

Strass, when well prepared, possesses as nearly as 
possible the high refractive power and all the other 
properties of the diamond, except its hardness. When 
cut into shape, tKereforo, without the addition of any 
coloring matter to its composition, it answers for imi- 
tating tlie diamond. On the contrary, when tinged by 
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silicates with metallic bases, it furnishes imitations of 
all the colored stones. For this purpose its perfect 
purity and high lustre arc essential requisites. It is 
necessary, therefore, to exercise great care in the choice 
of the •materials. The rock-crystal, quartz, or sand 
employed, must be of the purest description. Tlie last 
two always contain ^ little iron, which colors the glass 
yellow, and should therefore be washed with hydro- 
chloric acid after being carefully pulverized. The 
})Otassa must not be mixed with any other salts. Don- 
AULT-WiELANi) preferred the finest caustic potassa; 
hut Dumas remaiks that the use of the nitrate might 
he preferable on account of the constant purity of that 
salt. The borax of cornnierec — that of Holland, for 
example — would produce a brown glass ; crystallized 
horacic acid is therefore preferred. The oxide of lead 
employed is very pure minium. 

Dumas remarks that the choice of the crucibles is 
very important, and that the Hessian ones are better than 
those of porc(5laiu. The crucibles soimdiines color the 
metal yellow or brown, when particles of iron arc de- 
tached from the iiitcnial surface. This inconvenience 
is not to he apprehended with crucibles of hard poree- 
lain, hut these often break or run out, and are too 
permeable. A i)otlery or porcelain fiiniaco is used to 
melt the material, and the erueibles remain in the 
fire about twenty-four hours. The more tranquil and 
prolonged the fusion, the greater liardness and beauty 
docs the strass acquire. If the erncihlcs arc of excel- 
lent quality, a porcelain fiirnaeo may bo used ; but when 
the loss •occurring is too great, one niULst he contented 
with a common pottcjr’s furnace. 

Coi.ouiNCi Matekials. — It has been stated that 
colorless strass is the basis of artificial genrs, most of 
whicli are fonned by mixing wdth the strass certain 
coloring materials. In the article Enamei.s, many of 
the substances enrployed for this ]>ur[»oso Jravc been 
(Uiumcrated ; hut further details may now be given in 
connection with the general subject of colored r/lass^ 
before proceeding to the special jiro]M)itions employed 
for imitating certain prec'ious stones. 

Yellow is produced either by charcoal, antimony, 
silver, or oxide of uranium. The charcoal, incorporated 
with the glass in a very fine state of division, produces 
a dirty yellow, which, as tlic quantity increases, passes 
into a dark brown ^\ilhout lustre ; it is, therefore, little 
used as n pigment. A luneh superior yellow is obtained 
by roasting sulphide of antimony to the state of antimo- 
nions acid, and melting it with from 3 to 5 per cent, of 
undecomposed sulphide of antimony. An orange yel- 
low is prepared with glass of antimony, minium, and a 
little oxide of iron. In these eases, the suhstances so 
prepared are mixed with the mateiials of the glass. 
When silver is employed, the process is quite difi'creiit ; 
in this case a mixture of powdered clay and chloride of 
silver is applied to the surface of the ready -made 
ailicles, and on reheating these in a muflle, the silver 
penetrates to a certain depth into the glass even before 
the latter softens ; the article is then allowed to cool, 
and the coating which was applied is scraped off, when 
n yellow color of great purity and brilliancy appears on 
the glass. It is remarkable that this cfiect can only be 
produced on glass containing alumina, which shows 


that the aotion is chemical, and not purely mechanical. 

Oxide of uranium produces a beautifully delicate yellow 
of a slightly greenish hue, which is attributed to the 
traces of iron usually found in the commercial oxide ; 
hut this pigment is too costly for common use. 

Red^ of different shades, is communicated by oxide 
of iron, suhuxide of copper, or different preparations 
of gold, mixed with other materials. The oxide of iron 
— Fg Ojj — is en]i>l()ycd eitlier as pure oxide, prepared 
by heating the nitrate, or in the state of bloodstone or 
ochre. This substance, added to the glass mixture, 
produces a cheap and very common brownish red. The 
peculiar action of suboxide of copper has already been 
explained under Enamels, vol. i. page 821. This sub- 
stance was much employed by the artists of the fifteenth 
and sixteenth centuries, for producing the brilliant red 
colors of window panes, and in later times the glass so 
colored was supposed to be indebted to gold for its 
beaiitifid rich hue. So intense is the coloring power 
of this oxide, that even a ver}^ small quantity reddens I 
the glass so muc h as to render it opaque, and hence i 
is almost impossible to command any desired tint in | 
apiflying it. Even a common window pane is scarcely I 
jiermeable to the* light when coloured wdth a small por- 
tion of fliis substance ; and hence in crystal vessels, j 
whicli are necessarily of much greater thickness, cs}»e- | j 
eially wlicn intended for grinding, the effect becomes | 
evcc'hsive — the glass is rendered quite opaque. To | i 
obviate this cliffieulty, recourse is had to the process of 1 1 
flanh^ng or coating white with colored glass, as will be | 
explained afterwards — a process so successful tliat it , | 
was sul)HCquently extended to other colors. i | j 

The application of gold to jiroducc a brilliant red i 
color, which, according to circiimslances, can be made j ! j 
to assume a scarlet, canniuo, rose, or ruby tint, was 1 j I 
tiist introduced by Kunkel, who used for the purpose ' > | 

the brownish-red precipitate produced in a solution of j ' 
chloride of gold by a salt of the sesquioxide of tin. | 

Tin's substance, known as the puride of CASSius, was i 

long believed to he the only j)r(q)aratiou of gold which | 

could he cnj})l()ycd for this purpose, till Fuss demon- j 

strated that ruby- colored glass may he obtained when | 
the j)Owdered ingredients for the glass are mixed, pre- 
vious to ftisiojj, with oxide of tin and the solution 
of gold; the mixture tluui appears like moist grey 
sand. Experience has further shown that the simjdo 
addition of a solution of gold to the flux, without any 
oxide of tin, is capable of pio«liieiiig losc and carmine- 
eolorcd glass. 

Bhtc is produced by oxide of cobalt, a jiigment which 
is equally applicable to load-glass and to glass contain- 
ing no lead, but in the latter the color is more intense. 

The coloring i)OW^or of the oxide of cobalt is so intense, 
that pure white glass is rendered sensibly blue by the 
addition of one-thousandth part of the oxide. Ample 
information as to the methods of preparing blue cobalt 
glass, w'hieh is produced in a pulverized state as a fig- 
ment, under the name of smalt or zaffre^ has been given 1 
in the article CoiULT. | 

Green may be produced either by protoxide of iron, 
protoxide of copper — Cu 0 — or oxide of chromium — 

Cr^j Ojj. T)je tint produced by the first of these sub- 
stances has little brilliaucy. The oxide of copper yields 



240 


GLASS Strass and Colored Glass. 



A beautiful emerald. For tbia purpose the glass is 
mixed with the product obtained by heating copper to 
redness with access of air, or with powdered verdigns, 
which is then decomposed in the fire, and converted 
into oxide by oxidizing agents. Care must be taken 
to prevent the protoxide of iron from being converted 
into sesquioxidc, and the oxide of copper from being 
I'cduccd to suboxide. The oxide of chromium, which 
occurs as a pigment in commerce, yields the purest and 
most brilliant grass-green hue, but is too costly for 
common use. 

Artificial Gems. — The preceding cases may be 
sufficient to illustrate tlie general character of tlie sub- 
stances employed to tinge glass, whether in the fabri- 
cation of artiticial gems, or in the more important 
art of enriching with color articles of common use or 
ornament. Before proceeding to this latter subjoct, 
which embraces different methods of applying the 
coloring material, the following may be given as the 
most approved recipes for imitating those precious 
stones that are deemed of highest value : — 

]'>iamond . — Colorless strass, without any addition. 

T>2>az, — Donault recommends the following mix- 
ture : — 


Very H’hilc strass, 1000 

(’Icar ycUovvj.sh oraiigc-rcd plaas of antimony,. . 40 

Turple of Cas.sina, 1 

A very good imiUition of topaz is obtained from — 

Strass, 1000 

Oxide of iron, 30 

Topaz, when obtained by the first of those two com- 


]u)sition8 is very subject to vary in tint during tlie 
fusion, according to the temperature and the time it is 
exposed to Uie fire. It passes Irom the colorless strass- 
white to a sulphur-yellow, violet, and reddish jiurple, 
according to circumstances, which are not well under- 
stood. This substance may be compared to the ruhin- 
glass of the Germans and Italians. The glass of anti- 
mony must bo selected of the greatest transparency, 
and of a clear orange-red yellow. 

Iiuhy. — Tin’s is the rarest and most highly prized of 
artiticial stones. I'hc preparation of topaz furnishes 
a means of obtaining constantly and at pleasure very 
line rubies. The mixture for to]>az often gives an 
opaque mass translucid at the edges, and presenting in 
its thin plates a color red by transparency. One part 
of this opaque topaz-matter, and eight parts of strass 
melted in a Hessian crucible, when left thirty hours in 
the fire of a potter’s furnace, give a fine yellowish 
crj'stal similar to strass. Ilemelted with the blowpipe, 
this produces rubies of the finest water. 

A ruby not so fine, and of a different tint, may be 
made by employbg the following proportions : — 


Colorless strasR, 1000 

Oxide of manganese, 25 


nmeraM , — The emerald is very easy to imitate. 
That which succeeds best results from the mixture of 
the oxide of copper with colorless strass. If oxido 
of cobalt be added, the green Obtained presents blue 
j reflexions. The composition which gives the best imi- 
tation of natural emerald is as follows : — 


Colorless strass, 1000 

I*iire oxide of copper, 8 

Oxide of chromium, O’S 


By increasing the proportion of chromium or oxide of 
copper, and adding oxide of iron to tlie mixture, one 
may vary the green shade, end imitnto pendot or dark 
emerald. 

Sapphire. — I’o produce a fine oriental blue color, one 
must employ very white strass, and very pure oxide of 
cobalt. This composition, put into a luted Hessian 
crucible, sliould remain thirty hours in tho fire. The 
proportions are as follow : — 


Colorless strass, 1000 

Oxide of colialt, 13 


Amethyst . — The color of this stone must bo fine and 
velvety, to be of any value. Tho fonnula which suc- 
ceeds best is the following 

Colorless strass, 1000 

Oxide of mnii|jraiicso, 8 

Oxide of colmlt, 6 

I’urple of cashius, 0*2 

Aqua-numna is a gem in little request — even the 
real stone. As generally met with, it is of a palo eme- 
rald tint, but the most valuable kind is colorless like 
Iho diamond. The colored kind is obtained by mixing — 


Colorlcs strass, 1000 

Ola^ss of aiitiuiony, . . . .... 7 

Oxide ol cobalt, 0*4 


Syrian Garnet.— T\\\9, stone, which was anciently 
tr*rmcd carlmnelcy has a lively color, for which it is 
much esteemed. It is especially employed for small 
jewels. Tho artificial garnet is a kind of dark ruby, and 
is made after the following formula : — 

('olorless strass, 1000 

Class of aiitiirioDV, . . . . 500 

rinf)lo of cassins, . . . . . . 4 

Oxide ol riiaiiganose, 4 

In the fabrication of artiliciiil stones, there aro many 
precautions to he taken, many points to bo observed, 
which can only be acquired by exi)OTicnce. The mate- 
rials must be pulverizctl with great care. The mixtures 
can only be well made by repeated siffing. Tho 
same sieve must not bo used for sifting difl'oront 
compositions, whatever care ho taken to clean it after 
each operation. Lastly, to obtain masses well melted, 
quite homogeneous, without striai or bubbles, it is neces- 
sary to employ substances very pure, and mixed in a 
state of extreme division ; to obtain tho best crucibles, 
to molt witli a graduated heat, in a furnace which is 
quite equal in its maximum temperature ; to leave the 
metal in the furnace during twenty-four to thirty hours, 
and to cool tho crucibles very slowly, that their con- 
tents may undergo a kind of annealing. 

Colored Flint-Glass. — Assuming as the compo- 
sition of the glass to be colored tho common ingre- 
dients and proportions quoted at page 230, and remem- 
bering that those materials, when mixed together, are 
technically termed hatch, and, when fused with the 
usual precautions, produce a highly pellucid flint- 
glass, this may be regarded as the basis of the fol- 
lowing colored glasses, given on Mr. I^Llatt’s 
authority ; — 

Sift While Enamel * — To six hundredweight of batch 
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add twenty-four pounds of arsenic, six pounds of anti- 
mony. 

Hard White Enamel, — To six hundred weiglit of 
batch add two hundred pounds of putty prepared from 
tin and lead. 

Blue 'Transjmrent Glass, — Six hundredweight of 
batch colored with two pounds of oxide of cobalt. 

Azure Blue. — Six hundredweight of batch with 
about six pounds of oxide of copper. 

Ruby Red. — Six hundredweight of batch with about 
four ounces of oxide of gold. 

Amethyst or Purple. — Six hundredweight of batch 
with about twenty pounds of oxide of manganese. 

Common Orange, — To six hundredweight of batch 
add twelve pounds of iron ore and four pounds of man- 
ganese. 

Emerald Green. — To six hundredweight of batch 
add twelve pounds of copper scales and twelve pounds 
of iron ore. 

Gold Topaz Color, — Six hundredweight of batch 
with three pounds of oxide of uranium. 

Flashing and Casing. — In speaking of the sub- 
oxide of copi>cr, it«4ias been stated that the coloring 
power of this substance is so intense that even a very 
small quantity of it renders the glass opaque; and 
allusion was made on tliat occasion to the process of 
flashingy by which the difQculty is ov(Tcomo, and which, 
on account of the facilities it affords for regulating the 
intensity of the tint, has been extended to LiiC manu- 
facture of articles of every variety of hue. This pro- 
cess consists in coating a layer of colorless, with one of 
colored glass, which can then be reduced, by grinding, 

I to the proper tint. For this ])urpoBe the glass-blower 
collects the proper quantity of colorless glass on the 
end of his pipe, rolls it upon the marver, and then dips 
it for a moment into a jiot of melted colored glass, 
and blows out the two together into a cylinder or globe, 
which is Hatted or flashed out in the usual way. In 
this manner panes for the glass-painter arc formed, 
which consist of two layers of glass, erne colored, the 
other colorless; and the former can be ground down 
to any required tint or degree of transparency. An 
ingenious application of tliis process is made to vessels 
of flint-glass, which are tinged on the ouliiide in a , 
similar manner, and colorless edges or facets are then 
produced by cutting through the outer layer of colored 
glass, into the substratum of pure white glass. 

Flint-crystal glass is usually colored by a -eomewliat 
similar process termed casing^ and thus described by 
Mr. Pellatt. Presuming that any two or more 
glasses intended for casing have been mixed of the 
same specific gravity, to give them the capability of 
harmonizing— that is, of contracting and expanding 
equally — the hlower has to gather a ball of solid glass, 
intended for the interior layer, in the usual manner, as 
A, Fig. 194, which, in tliis instance, may be considered 
to bo of white crj^stal glass. About the same time his 
assistant prepares a casing of colored glass, b, knocking 
off the knob at C, to open and shape it, as d, somewhat 
like the bowl of a wine-glass, or the broad end of a 
largo egg-shell ; this is set into a metal stand, e, on the 
floor, merely to steady Uie case or shell, d'; while tlie 
blower takes tlio lump of flint or white glass, a, and 
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gently blows it into the colored case or shell, to 
which it immediately adheres ; and when submitted to 


Fig. 194. 



the flame of a pot-hole, it is found to weld perfectly, as 
F. If various coverings are needed, as many colored 
shells must be prepared as required, and each time 
molted in by fresh warming, until the entire number 
are obtained and cased. The whole are afterwards re- 
warmed, expanded, and shaped into vases, lazzas, or 
such other articles as the manufacturer requires, by 
blowing, and the usual appliances of moulds, tools, 
rotatory motion, d cetera. When cut through to Hie 
crystal in various figures, the edges of the different 
colors on enamel arc seen. 

In connection with flashing and casing ^ may be 
mentioned a variety of methods of producing colored 
or variegated or oriiaincntal glass, some of which are 
very ingenious, and are chiefly derived from the Vene- 
tians. • 

Yriietian filigree work is produced in the following 
manner: — Pieces of cane, or solid rods of glass, of 
different colors, having been drawn out in tlie same 
manner as tubes, and wbetted off to the required 
lengths, arc arranged in the flutes or internal grooves 
of a cylindrical mould, A, Fig. 195. The blower then 
inserts a solid ball of transparent flint-glass, B, Fig. 196, 
and the whole is exposed to a welding heat, tiU the 
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canes adhere to the ball. Both are then withdrawn 
with it from the mould, when the piece presents the 
appearance represented in Fig. 197. When again 
heated, drawn, and twisted, the streaks of color pro- 
duced by tlie adhering canes hocoine spiral, and 
ornament the surface. If well softened and marvered 
before the drawing and twisting, the streaks spread till 
they meet ; or if, before being drawn, the mass bo ro- 
dipped into the pot of crystal glass, and then twisted, 
the spiral lines of color or enamel become internal. 
By the repetition of this process, spirals can bo formed 
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viUiin spirals ; and by plaoing the filigree canes side 
by side, and welding them together, very curious and 
intricate patterns are obtained. 

The Venetian ball is simply a number of pieces of 
waste filigree glass collected together without regular 
design ; they are then introduced into a globe of trans- 
parent glass, which is made to collapse upon the filigree 
fragments within by suction; that is to say, by tlie 
blower drawing in his breath. The round heavy paper- 
weights, which generally contain regular devices, are 
formed in the same manner, and the lens-like shape of 
the crystal enhances the effect by magnifying the in- 
crusted ornament. 

The miUe-fiore or star- work of the Venetians is 
formed by placmg lozenges of glass, cut from the ends 
of colored filigree canes in the interval between two 
transparent cones, as shown in Fig. 198, and then, 
after reheating the whole, exhausting or sucking out 
the air by means of a blowing- 
Fig. 108 . iron attached to the neck, A. 

The piece being then rewarmed 
becomes one Jiomogeneoiis mass, 
which can be shaped into any 
required form, for tazzas, paper- 

A weights, et cetera. In forming 
such incrustfitions, it often liaj)- 
pens iHat, from the unequal con- 
traction between the object and 
\ the crystal by which it is sur- 
I rounded, there is much difficulty 
in the annealing, and, to avoid the 
risk of fracture, the contained object must be made of 
materials expanding and contracting like the glass or 
crystal itself. 

Glass-mosaic^ which is often confounded with mille- 
fiorcy is produced by threads or small canes of variously 
colored opaque or transparent glass, of uniform lengtlis, 
ranged vertically side by side, in single threads or 
masses, so that the ends shall form grounds agreeably 
to Bomo prefigured design. When submitted to heat 
sufficient to fuse the whole, the four sides at the same 
time being pressed together so as to exclude the air 
from the intervals between the threads, the result will 
l)(‘. a thick slab of variegated glass — Fig. 199 — exhibit- 
ing, for all parallel sections, the same figure or pattern. 


Fig. m 



Hence, when cut into veneers, either in the direction 
shown by the dotted lines, or obliquely or longitudi- 
nally, it will yield a number of slabs or layers of the 
same uniform design. The thin rods of glass employed 
for this purpose are composed of very easily fusible 
glass of all possible colors and shades, and are prepared 
in manufactories erected expressly for this purpose. 


In tiiese manufactories, masses of colored glass are 
prepared, from which a kind of cake is formed, and 
this is converted, with the aid of a sharp hammer and on 
anvil, first into slabs, and then into the thin rods above- 
montionod. In this form the material is supplied to 
the artist, who softens it in the fiame of a lamp, draws 
out each rod into a thick thread, and breaks off a 
piece of the thickness of the intended picture. These 
pieces are then arranged one after the other, accord- 
ing to the design, on a slab of copper covered with 
a layer of cement, which serves to fix the picture. 
When the whole slab is covered, tlie surface, which 
is necessarily uneven and irregular on account of tho 
unequal lengths of the rods or threads, is ground and 
polished. It is unnecessary to observe, that a large 
mosaic painting formed in this manner is often a work 
of years. 

Venetian frosted glass is obtained by immersing tho 
gathering of hot metal in cold water, quickly withdraw- 
ing it, reheating and expanding it by blowing, before it 
becomes so liot as to melt and wold together the nu- 
merous suporlicial cracks produced by the momentary 
immersion in cold water. These dfacks only penetrate 
so fur as the metal has been cooled by the water, and 
remain as depressions until the article is finished, wlicn 
it presents the appearance represented in Fig, 200. 



The art of making tliia glass was kept secret by tho 
Venetians, but was rediscovered by Mr. Pellatt a 
few years ago. 

Mr. Pellatt has also invented a method of orna- 
menting glass with delicate wliite argentine incrusta- 
tions of dry porcelain clay, cemented into tho solid 
glass. For this puiq^ose the hot prepared cameo, which 
may be a small baa-rolicf or (sast, is placed upon the 
red-hot manufactured vessel or other article ; a small 
piece of liquid glass is then dropped on it, and becomes 
welded; and if rubbed while hot, the upper coat of 
fused glass will be spread as thinly as possible upon 
and around tho cameo, behind which are driven any 
air-bubbles that may he entrapped; thus completely 
isolating the device between the two glasses, Tho 
polishing of tho exterior layer gives tho white figure a 
silvciy appearance ; but, of course, tlie incrustation may 
be colored before being applied to the glass. These 
incrustations require very careful annealing. 

Venetian vitro-di-trino is a sort of lace- work, formed 
by intersecting lines of white enamel, or transparent 
lines of white or colored enamel or transparent glass, 
tho centre of each mesh or diamond inclosing an air- 
bnbble. It is formed by blowing a gathering in the 
mould with suitable canes arranged in the interior 
fluting, as shown in Fig. 126, page 241. It is then 
reheated, further blown and twisted, as for spiral fili- 
gree, the cones being left projecting from tho outside, 
like ribs. By the usual manipulation, a cup or conical 
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vessel is formed, marked by oblique lines or spiral pro- 
jections, as shown in Fig. 201. Another similar piece 
is then made and turned inside out; the projecting 
canes on this piece are inside, and the spiral lines 
reversed. The one piece is then placed under the 
other, as shown in Fig. 202, and the two are welded 

Fig. 201. Fig. 203. Fig. 202. 



together. The ribs or flutes projecting from the two 
surfaces in contact inclose, during the welding, a por- 
tion of air in each diamond, which air gradually 
assumes the bubble-shape. The vessel is tlien finished 
in the ordinary manner, and tbo lines exhibit tlie most 
beautiful regularity, as shown in Fig. 203. 

Aventurim Glass is an easily fusible brown, or, in 
thin layers, yellow glass, interspersed with numerous 
fine yellow laminaj or spangles with a metallic lustre, 
which give it a peculiar shining appearance. The 
method of manufacture was long kept secret by the 
Venetians. It was commonly supposed that aventurino 
glass was produced by melting scales of metal or mica 
with the glass; but this opinion was thouglit to be 
overthrown when Gaun ob.served that, under the 
microscope, these scales appeared as regular tlirce or 
six-sided tables, perfectly crystalline in structure. He 
discovered, in fact, that the spangles consisted of me- 
tallic copper, crystallized in the form of flat segments 
of a regular octahedron. Fjiemy and Clemandot 
succeeded, however, in preparing this glass by fusing 
together, for twelve hours, the following mixture : — 


Pounded glass, 300 parts, 

Copper scales, 40 ,, 

Iron scales, 80 ,, 


and afterwards cooling slowly. The glass obtained 
was somewhat deficient in lustre, but, like the true 
nveiiturine, it contained copper diflTusod through it in 
octahedral cr}’’stal8. 

Glabs-Painting. — Painting on glass is performed 
by means of a vitreous mixture termed llio flux, com- 
bined with a pigment prepared from some metallic 
oxide. The flux and oxide are simply tliat combina- 
tion of ingredients which is necessary to produce a 
highly fusible colored glass of the required hue ; this 
mixture is reduced to a state of fine powder, rubbed 
up in oil of turpentine, boiled oil, or sometimes simply 
with water, and laid upon the glass to be painted, by 
means of a brush. The glass thus painted or stained 
with the intended design is then exposed to a heat 


sufficient to vitrify the mixture of color and flux, with- 
out melting tho glass ; in other words, the painting is 
said to be burnt in ; the ingredients of which it is com- 
posed are converted into a colored glass or transparent 
picture, while the pane or other article on which it is 
laid, is only sufficiently softened to cause the complete 
adherence of the colored glass to its surfaoe. 

It is evident, therefore, that the fusing-point of the 
l)igment must bo much lower than that of Hie glass to 
be painted. Indeed, it is necessary that the former 
should vitrify at a temperature at which the latter does 
not sensibly soften ; for any considerable softening or 
yielding of the glass would distort the design. Hence 
the manifest inapplicability of crystal or lead-glass for 
painted articles, on account of its great fusibility. On 
the other hand, common window-glass, or even plate- 
glass, may ho successfully used, and, best of all, the 
hard Bohemian glass, which contains potassa for a 
base. 

When the coloring oxides employed are such that 
they are not injuriously aflected by the oxides of lead 
and of bismuth, the flux is usually composed of the 
following ingredients : — 

Pni’to 


Quartz in powder, 100 

Oxide of lead, 12.’) 

Oxide of bismuth, 50 


But if these oxides exert an injurious action on tho 
coloring matter, and tend to change its shade* Hie sub- 
joined composition is used ; — 


PurtB 

Quartz in yiowdor, 100 

Fused borax, 75 

Nitrate of potassa, 12*5 

Carbonate of lime, free from iron, 12*5 


To either of these mixtures or fluxes the proper 
coloring matter is added, and the composition so formed 
is introduced into a crucible, and melted into a colored 
glass. The latter is tlien reduced to a fine powder, 
mixed, as has been stated, with oil of turpentine, and 
used as a common pigment for painting on the loss 
fusible glass. In ibis operation, a cartoon, or drawing 
upon paper, is placed below tho glass, and tho colors 
are applied on the corresponding lines. In preparing 
painted sheets or panes of glass, brown or black out- 
lines arc generally traced on the one side of the sheet, 
whilst the colors are laid on the other side ; but in 
painting vessels or other articles, this is not the practice. 

One great difficulty of the glass-paiutcr cousists in 
this, that the colors which he lays «n have not the same 
appearance as they are intended to assume in tho 
finished work. The difficulties of tlie artist on glass, 
says Mr. Tomlinson, are of a much more formidable 
character than those of the artist on canvas; he must 
be as good an artist as the latter, but he must also have 
the faculty of seeing hi‘i effects as they will appear 
after tlic firing, and not as he lays them on ; for the 
coloring oxides whi< 3 )i ho employs, especially when 
mixed up in their fluid vehicles, are dark, dusty, and 
disagreeable in color, and have nothing in common 
with the bright and beautiful effects we admire in a 
stained-glass window. When the same figure or pat- 
tern is to bo repeated many times, it is, in some cases. 





printed on the glass with a gentle pressure from an 
engraved metallic plate, or wooden block, boiled oil 
being used as the vehicle for the coloring oxide. The 
j)aiie, having been prepared either by painting or print- 
ing, is exposed in an oven or muffle to a temperature 
sufficient to fuse the vitreous flux and dissolve the 
coloring material. The glass scloctcd for the purpose 
of the Stainer should bo clear and colorless, in order to 
bring out the colors well ; and difficult of fusion, so that 
the flux and metallic oxide may form a colored glass 
upon its surface before it shows any tendency itself to 
fuse. A glass containing a small proportion of alkali, 
such as crown-glass, is fit for the purpose. 

Spun Glass. — There is no one who has not heard 
statements relative to the discovery of a malleable 
glass, one memorable instance of which is mentioned 
in the Historical Notice, page 1 86. If, by malleable 
glass, be understood a glass capable of being spread out 
into thin plates under the action of tlie hammer at the 
ordinary temperature, everything leads to the belief that 
this marvel never was, and will not for a long time be 
realised. If, on the contrary, it means only the ductility 
of incandescent glass, there remains in this resj)ect little 
to be accomplished. It is, in fact, on this property that 
the whole art of the glass-maker depends. But whilst, 
in the ordinary operations of glass-making, the ductility 
of the glass is never pushed to its utmost limits, these | 
limits are almost reached in the curious art of spinning I 
glass into thread. 

The art of spinning glass consists in drawing it out i 
into threads when Softened, by means of a wheel on 
which the thread is wound. By this means the art 
lias been attained of spinning glass with astouishing 
rapidity. The drawn out end of a glass rod has only 
to be attached to a revolving drum, whilst the rod 
whence the thread proceeds is held in the glass- 
blower’s lamp, in order to obtain in a few minut(!S 
several ells of spun glass. Tlic thread possesses, of 
course, the color of the glass; but its tenuity is so great 
that the color is scarcely ])erceptible, unless very deep 
shades have been employed. 

It has already been stated that wlien a piece of hol- 
low glass is drawn out, tl»c hole is always j)rcscrvod, 
however fine be the thread. M. Dhuciiak took a 
piece of thermometer tube, the interior diameter of 
which was very small, and drew it out into threads. 
The drum which ho used was three feet in circum- 
ference, and as it made five hundred turns per minute, 
he obtained thirty- two thousand ells of thread per hour; 
so that the thread was of extreme fineness, and its in- 
terior diameter was scarcely calculable. This thread 
was, however, hollow ; for being cut into pieces of an 
inch and a half iu length, and placed on the receiver 
of an air-pump, one end inside and the other out, it 
allowed tlie mercury to pass through in small shining 
filaments when a vacuum was made in the receiver. 

The thread obtained from a small piece of window- 
glass, cut with a diamond, presents a very brilliant 
lustre; seen with the miscroscope, it exhibits a flattened 
form, with four very distinct tight angles. It is very 
probable that it owes to this particular form tlio supe- 
riority of its lustre, for the threads obtained from round 
pieces of glass had always a dull appearance. 


When glass of different colors is fhsed or welded 
together in one tube, the thread obtained from it pre- 
serves all the original colors without any mixture 
taking place, or any interruption being observable; 
but most of the colors become tarnished by the opera- 
tion, particularly the yellow, which disappears; tlie 
black even sometimes passes to brown ; the purple 
and green are a little altered, but the blue stands 
well. 

The samples of spun glass arc as pliable as silk, and 
may easily be wound in the manner of common thread, 
and employed as ornaments. To the touch they feel 
like hair, and like it may be curled in a permanent 
manner by rolling them on a hot iron. Threads from 
black glass have so much resemblance to black hair, 
tliat they are oft(in confounded. It is well known that 
in the last century jairukes were manufactured of glass 
thread, which is sometimes still used to make very 
lirilliaiit head-dresses. Its glossy appearance, its great 
durability when not exposed to rougli usage, as ’well as 
the low price of glass, naturally suggested to manufac- 
turers the advatitage of making it a material for spun 
fabrics. It has even been woven into stuffs, but 
bilherto this curious maimfacturo does not appear to 
have been attended with rntich success. It has been 
alleged, ind(i(‘d, not witliout reason, that articles of 
clothing made of glass might bo attended with some 
danger from the filaments becoming detached, and 
being drawn into the lungs by respiration. Knapp 
stales, however, that this branch of manufacture has 
lately been revived with success by Olivi, Dttuus- 
Bonnel, and Bouillon ; and that Duuufl, in particu- 
lar, is said to have succeeded in producing glass thread 
that can be knotted, and woven on Jacquard’s loom 
into fabrics which are equal in every respect to the 
most beautiful g(»ld and silver brocade. He adds that 
tlie particulars of this mannfactiire have not yet been 
made public, and tlio Editor f-annot help thinking that 
its success has been greatly exaggerated. 

VI [. SoLiTULE (jlass. — S oluble glass is a compound, 
the knowledge of which would have spared the glass- 
makers many faults. It is, as has been stated, a simple 
silicate of potassa or soda, or a double silicate of these 
two bases. What is remarkable, tliis body is soluble in 
boiling water without a residue, tlioiil^li scarcely affected 
by contact with cold water. Nevertlielcss, it is very 
e\ident that sucli a glass must be strongly hygromet- 
rical, and, among the numerous examples which might 
be cited, the Editor limits himself to the following, 
to show the inconveniences which arise from this. In 
1780, Bohemian glasses, the process for which was 
then a recent imj>ortation, were made simultaneously in 
France by the two following receipts : — 

llfiyol At Klitibao 

111 Chonifiai^e. tn !» VoHgos. 

Rilicft, JOO 100 

PotasBfi, 100 100 

Lime, none 100 

Now, while the Vosges glass was unalterable by the 
air, that of Champagne was wanting in cleamesa, bril- 
liancy, and solidity, and attracted the moisture of the 
atmosphere to such an extent, that the hollow feet of 
drinking-glasses became filled in the warehouses with 
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a saturated solution of carbonate of potassa. To this 
fact, one might add many others s^hich would prove 
the indispensable necessity of lime or of oxide of lead, 
for the making of glasses to bo capable of resisting tlie 
action of water or of moist air. 

Soluble silicatcd alkali or water-glass may be pre- 
pared by various processes. If sand bo used, fifteen 
parts of fine sand, thoroughly incorporated with eight 
parts of carbonate of soda, or with ton of carbonate 
of potassa, and one of charcoal, fused in a furnace, 
will produce a silicatcd alkali which is soluble in boiling 
water. Messrs. Ransome obtained this silicatcd alkali 
by dissolving broken flints in a solution of caustic 
alkali at a temperature of 300°. 

This water-glass has been applied to several impor- 
tant purposes, three of which arc epocially noticed. 

'To protect Building -stoims from decay . — Tlic stone 
surfaces of buildings, by b(ung exposed to the action of 
the atmosphere, become liable to disintegration from 
various causes. Moisture is absorbed into their pores. 
The tendency of their particles to separato in conse- 
quence of expansion and contraction, produced by 
alternation of temperature, is thus increased. Sulphur- 
ous acid is always present in the atmosphere of coal- 
burning cities, and cannot but corrode the calcareous 
and magnesian ingredieuts of oolites and dolomites. It 
is true that good stone resists those sources of injury 
for an indefinite lime, but such a material is rarely 
obtained. As a prevcntiN'c of destruction, whether 
arising from physical or chemical causes, it has been 
proposed to saturate the surface of the stones 'with a 
solution of water-glass. 

It is well known that the ufiinity of silica for alkali 
is so feeble, that it may bo separated from this base by 
the weakest acids, even by carbonic acid. According 
to the expectation of those who recommend the silifica- 
tioii of stone, the carbonic acid of the atmosphere will 
set tlie silica free from the water-glass, and the silica 
thus separated will bo deposited within the pores and 
around the iiavticles of the stone. Tlie points of contact 
of tliese particles will thus be enlarged, and a sort of 
glazing of insoluble silica will be formed, suflicient to 
protect the stone from the elVects of moisture, et cetera. 
This cause of protection apjdies chielly to sandstones. 
But wherever carbonate of lime or caiboiiatc of mag- 
nesia enters notably into the composition of the build- 
ing stone, then an additional chemical action, also 
sholtoring the stone, is expected to take place between 
tlicao carbonates and the water-glass. An insoluble 
salt of lime may bo looked for, whenever a solution of 
water-glass is made to act on the carbonates of lime or 
raagnosia existing in oolitic or dolomitic building stones. 

This expectation, however, has not been altogether 
realized by experiment. Mr. Charles A. Smith, a 
gentleman eminently conversant with building mate- 
rials, immersed a piece of Caen-slone in a solution of 
silicate of potassa iti the month of January, 1849. This 
fragment, together with a portion of the block from 
which it had been detached, was placed on the roof of 
a building in order that it might be fully exposed to 
the action of atmosphere and climate. After five years 
the silicatcd and the unsilicated specimens were found 
to be both in tlio same condition, Iho two being equally 


corroded. But whatever ultimate results may ensue 
from this process, the immediate efieots on the stone 
are remarkable. Two portions of Caen-stone were ex- 
hibited, one of which had been soaked in a solution of 
water-glass two months before. The surface of the 
unsilicated specimen was soft, readily abraded when 
brushed with water, and its calcareous ingredients dis- 
solved in a weak solution of sulphurous acid. The 
silicatcd surface, on the other hand, was perceptibly 
hard, and resisted the action of water and of dilute 
acid when similarly applied. 

Another proposed use of the water-glass is that of 
hardening ceinentSy mortar^ et cetera^ so as to roiidor 
them impermeable by water. 

Fourteen years since, Anthon of Prague proposed 
several applications of the water-glass. Amongst others 
he suggested the rendering mortars waterproof. lie 
also suggests that this substance might be beneficially 
employed as a substitute for size in whitewashing and 
staining walls. It was demonstrated by several expe- 
riments that carbonate of lime, mixed up witli a weak 
solution of water-glass, and applied as a whitewash to 
surfaces, was not washed off by sponging with water, 
and that common whitewash, laid on in the usual man- 
! ner witli size, was rendered equally adhesive when 
washed over with water-glass. 

TheSlercochroTneqfYvjCli ^. — The formation of an 
insoluble cement by means of the water-glass, when- 
ever the carbonic acid of the atmosphere acts on tliis 
sul)stuiice, or whciKJver it is brought in contact with a 
lime- salt, has been aj)plicd by FuClis to a most im- 
portant puiposc. Tiic stcreochrome is essentially the 
piocess of fresco-sicco invested with the capability of 
receiving and perpetuating works of the highest artistic 
eliaracter, and which may be executed on a vast scale. 
This chemist’s method is as follows : — 

Clean and washed quartz-sand is mixed with the 
smallest quantity of lime, which will enable the plasterer 
to placo it on the wall. 3'Iic surface is then taken oft' 
with an iron scraper, in order to remove the layer 
formed in contact witli the atmosjihcrc ; the vrall being 
still moist during this ojierat.ion. The wall is tlien 
allowed to dry ; after drying it is just in the sUite in 
which it could he rubbed oft' by the fiiigor. The wall 
has now to be fixed, id cst moistened with water-glass 
composed as follows : — 

Ccntoslmally. 


Bilieic acid, 23 - 2 ] 

Sndii, 8-90 

PotasBii, 2*52 

Water, 65*37 


100-00 

The specific gravity of the solution is to be 3'81. 
Tliis operation is usually performed with a brush. 
The wall must be left in such a condition as to be cap- 
able of receiving colons when afterwards painted on. 
If, as frequently happens, the wall has been too strongly 
fixed, the surface has to be removed with pumice, and 
to be fixed again. Repaired in tliis manner, the wall 
is Buffered to dry. Before the painter begins, he mois- 
tens the part on which he purposes to work witli dis- 
tilled water, squirted on by a syringe. He then limns ; 
if he wishes to repaint any part, he moisteriB again. 
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As soon as Uie picture is finished, it is aspersed over 
with water-glass. After the wall is dry, the syringing 
is continued os long as a wot sponge can remove any of 
the tint. An efflorescence of soda sometimes appeara 
on tlio picture soon after its completion. This may 
either be removed by syringing with water, or may be 
left to the action of the atmosphere. Not to dwell on 
the obvious advantages possessed by the steroochrorac 
over tlie real fresco — such as its admitting of being 
retouched and its dispensing with joinings — it aj^pears 
that damp and atmospheric influences, notoriously 
destructive of real fresco, do not injure pictures exe- 
cuted by this process. 

Tlie following crucial experiment was made on one 
of the pictures. It was suspended for twelve monllis 
in the open air, under the principal chimney of the New 
Museum at Berlin ; during that time it w^as exposed to 
sunshine, mist, snow, and rain, and nevertheless retained 
its full brilliancy of color. 

The stercoclirome has been adopted on a grand scale 
by Kaulbacii, in adorning the interior of the great 
national edifice at Berlin, already alluded to. These 
decorations W^sist of historical pictures— the dimen- 
sions of which are twenty-one feet in height, and 
twenty-four and three-quarters in width — single colos- 
sal figures, friezes, arabesques, et cetera. On the eflect 
of the three finished pictures, it has been remarked by 
one whose opinion is entitled to respect, that they have 
aU the brilliancy and vigor of oil paintings, while there 
is the absence of that dazzling confusion which new 
oil paintings arc apt to present, unless they arc viewed 
in one direction, which the spectator has to seek for. 

Mr. A. Church has suggested that, if the surface of 
oolitic btonoa — such as Caen-stone — is found to be pro- 
tected by the process already described, it might he 
used, as a natural intonaco^ to receive colored designs, 
et cetera^ for exterior emhcllishings ; the painting would 
then be cemented to the stone by the action of the 
water-glass. 

Mr. Church has also executed designs of leaves on 
a sort of terra-cottii, prepared from a variety of Way's 
silica rock, consisting of seventy-five parts clay, and 
twenty-five of soluble silica. This surface, after being 
hardened by heat, is very well adapted for receiving 
colors in the first instance, and retaining them after 
silicatioii. — Timhs, 

Kuhlmann remarks that the contact of lime with 
silicate of potassa, always determines the decomposi- 
tion of this salt and its transformation into silicate of 
lime, which retains tlio coloring matter, and even car- 
bonic acid, as lately supposed by M. Fuciis ; but when 
the colors are applied on bodies wliicli do not react on 
the soluble silicate — such as wood, iron, glass, et cetera 
— it becomes necessary to sock for conditions of insolu- 
bility in the reaction of the coloring matter on this 
silicate. On wood the difficulty may be removed by 
the application, before the silicious painting, of a suffi- 
ciently thick covering of chalk, which may bo applied 
with zinc, or fixed with a very litUc silicate. 

Even when the decompositions of the alkaline salt 
are determined by the coloring matter itself, tliore still 
remains one serious inconvenience : this is the exuda- 
tion, during damp weather, of carbonate of potassa to 


the complete expulsion of the salt This chemist for 
a long time sought for a remedy for this serious injury 
to silicious pointingB ; he often conferred on tins sub- 
ject with those members of the Academy best ac- 
quainted with vitrification, and Laving been aided by 
their advice, Kuhlmann sought in various chemical 
changes for a remedy, and ascertained that washing 
-the jiaintirig with a weak solution of chloride of am- 
monium, enables one to attain absolute insolubility of 
the color, but chloride of potassium remains, which 
spoils its brilliancy until its complete expulsion by re- 
peated affusion with water. As the number is but 
small of chemical reagents, which have the property’' 
of consolidating potassa by foiining with it insoluble 
compounds in the color itself, but without eliminating 
it, perchloric acid and hydrofluosilic acid arc the clie- 
inical agents which first ofl'er tlicmselvcs to tlie mind. 

In a theoretic point of view, there only remained to 
choose between them ; hut, in an industrial sense, 
hydiofluosilie acid was the only one on which his mind 
fixed itself. Ue ascertained so frequently that careful 
washing with hydrofluosilic acid much augmented the 
stability of these colors, and determined their complete 
insolubility, that he did not hesitate to point out Ihe 
utility of this agent in every kind of siliciouB limning, 
but es))ccially in painting on glass, provided that it is 
UB{‘d in very weak solution ; for in the concentrated 
state it has the remarkable property of dissolving most 
of tlic oxides, which property will be very valuable for 
iudusti'ial purposes, when tliis acid can be sold at a 
moderate jirieo. 

The silicious colors on glass have a certain semi- 
transparenoy which it is iin[)ortant to preserve, but 
which gradually diminishes by the action of water 
Glass painted with silicates has been subjected to 
boiling in water witliout the colors being detached ; 
these tints have oven appeared brighter when seen by 
reflected light ; but if, after tins apparent improvement, 
the elToct is examined by trans])arency, the hues arc 
found to liavc become duller, w}ii<^h is to bo attributed 
to the oi>acity which they Ijad acquired, resulting from 
the solution of a portion of silicious cement, which acts 
on these colors as oil does on paper. The careful cm- 
])loymcut of hydrofluosilic acid gives a complete insolu- 
bilily to paintings on glass ; but, like chloride of am- 
iiioiiiuin, it slightly diminishes the tran6[)arency. One 
might perhaps apply, at long intervals, a sliglit varnish 
of pure silicate of potassa to paintings on glass which 
are exposed to rain. Long experience can alone deter- 
mine this point. This varnish would advantageously 
rcidace the essences now used in the application of 
certain colors on glass and porcelain; it would not, 
like the CRsenccs, be subject to the drawback of spoil- 
ing cerUiin colors by the reduction of the oxides or of 
the coloring salts. 

Statistics. — Considering the vast importance of 
glass, and the peculiar facilities possessed by Great 
Britain in her ample stores of coal, and the possession 
of nearly all the materials for the manufacture, it 
might have been imagined that this country would not 
only have fully supplied her own wants, but would long 
ago have furnish^ a large portion of the world with 
glass, as with many other exports. It might be sujc 
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posed, also, that the various necessary, convenient, and 
ornamental purposes to which glass is applied, would 
have been held as a sufficient reason for exempting it 
from taxation, or at least for reducing the duties to 
the lowest possible limit. But so far was this from 
being the case, that the most exorbitant duties were 
imposed, and were exacted in the most oppressive 
manner ; which not only limited the demand for glasSj' 
by directly increasing the price, but operated indirectly 
with most injurious effect, by fettering the operations of 
the manufacturers, and preventing them from making 
experiments, and introducing new processes and im- 
provements. 

As illustrative of the amount of the duties, which are 
exhibited more at large in tlie appended tables, it will 
be seen that in 3813 they were raised to not less 
than four pounds eighteen shillings a hundrcdwc'ight on 
plate and flint glass, and three pounds thirteen shillings 
and sixpence on crown. With such enormous duties 
on one of the modern necessaries of life, the result of 
ignorant legislation, it was impossible for this country 
to enter into fair competition with other nations, or 
even to keep pace with a rapidly increasing popula- 
tion. On the contrary, despite the increase in popu- 
lation, and the still greater increase in wealth in the 
interim, the consuinptjon of flint and plate glass in 
1813, and many subsequerit years, was less than it 
had been in 1794, when tlie duty on these glasses was 
only one pound two shillings and twopence farthing a 
hundredweight. Again, it is stated by the late Mr. 
PORTKK, that in 1801, with a population of only sixtcoii 
millions, the quantity of glass uB(',d was three hundred 
and twenty-five thousand five hundred and twenty-nine 
hundredweight; and in 1833, with a population of 
twenty-five millions, the quantity was no more than 
three hundred and sixty-three thousand four hundred 
and sixty-eight hundred weiglit — an increase of one- 
eighth, while tim population had increased in tlie pro- 
portion of one-half. 

By the imposition of the income-tax, the late Sir 
Robkrt Peel was enabled to abolish, along with many 
otlier injurious indirect taxes, the (ixcise duties on glass, 
which were repealed from the Stli April, 1845; and 
Macculloch justly remarks, that the beneficial in- 
fluence of this liberal and most judicious measure is 
obvious in the improved quality, the increased cheap- 
ness, and greater variety of dcscrq>tion8 of glass in the 
market. At tlie meeting of the Society of Arts, in 
185G, to which reference has already been made in the 
course of this article, Mr. W. A. Swinburne, of the 
colehratod glass-making house of that name, alluded to 
the different price of glass in former times, as compared 
with the present; speaking of three shillings and sixpence 
or four shillings a foot os having been paid to glaziers 
now living for glazing ordinary-sized crown glass in 
BoshcB, for which now, perhaps, only as many pence 
could be obtained. In the case of plate-glass, he held 
in bis hand a tarift used by their house, dated 1771, 
two years before the establisliment of the British Plate- 
Glass Company, wherein the price of a chimney mirror 
fifty inches long by forty inches wide, a very usual size, 
and now in common demand, was quoted at sixty-one 
pounds three shillings ! The price of this plate before 


the repeal of the duty in 1845, was nine pounds nine 
shillings to ten pounds ; after the repeal of the duty, 
about eight pounds ; in 1854, four pounds ton shillings ; 
and in 185^6, about four pounds four shillings. So 
much had the public benefited by the reduction of the 
price of glass. 

But, as may be supposed, this reduction in price, as 
well as the great improvement in quality, did not 
solely arise from the mere repeal of the duties. It 
arose also, in great measure, from the removal of those 
intolerable fetters which wore previously imposed on 
the manufacturer by the excise regulations. During 
the excise reign, says Mr. Pellatt, in his Curiosities 
of Glms-rnalciruj, no pot could be moved from the spot 
where it was dried, to bo placed in the annealing arch, 
without a notice in writing to the supervisor ; a second 
notice was required for gauging ; a tliird for setting it in 
the furnace; again, for filling the pot; and another for 
lading it out ; ivhilst the maker was forced to comply 
strictly with the act of parliament, by giving the officer 
six hours’ notice for each of these intricate and vexa- 
tipus requiroraeiits. 

Again, wiili reference to the snbjec||pf annealing, 
the same able wrikT remarks : — When the excise upon 
glass existed, the Icar was secured by fastenings and 
locks — supplied by the Government officer at tho 
expense of the trader, and safely secured every Friday 
or Saturday, and not re-opened till the Monday fol- 
lowing. During the whole of the week, tho officer bad 
U.e surveillance of the lear, but especially of the sort- 
ing-room, at the delivery end of tho lear, which was only 
entered at the stipulated act of parliament periods. It 
a link forming part of tho endless chain running under 
the lear, connected with tho machinery drawing down 
the pans, accidentally broke in the night, and the officer 
should happen to be absent — which was rather the 
rule than the exception — either tho whole works must 
be stopped, or some mode adopted for the Icarman to 
repair tlie mischief not strictly in keeping with tho act; 
BO that wliilc the principal was quietly reposing in his bed 
in imaginary security, his servant, unknown to him, had 
almost necessarily incurred ruinous excise penalties. The 
excise ofiicer gauged the liquid glass in the pots, which 
he liad the option of charging by weight, at a specific 
gravity of 32*00 ; and should the manufactured annealed 
goods ultimately not amount to two-fifths of that estimate, 
he had to pay the diflercnce. The lear charge was always 
considered to ho the chief security, as indeed it really 
was; still, with the utmost excise vigilance, the trader 
occasionally defrauded ; but owing to the great heat of 
the arch, and the usual excise securities, tlio revenue 
was, on the whole, well secured at the lears. Had the 
lears or kiln been the only departments of the works 
under excise survey, the manufacturer would not have 
been so much inconvenienced. The surveillance of 
the pots was his chief annoyance, since it required end- 
less trouble, and subjected the manufacturer to danger 
of exchequer prosecutions. To throAv into tlio pots 
over so small a piece of metal, during tho working, 
incurred a penalty of fifty pounds for every offence. 
Neither plate-glass nor bottle-glass manufactarers were 
subject to the surveillance of the pots : this made it 
exclusively injurious to the fiiot-glass maker, and was 
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almost a proliibition of alteration of tint, or experiments, 
and consequent improvements. It is matter of astonish- ^ 
ment how flint-glass works existed at all, under such a 
concentration of commercial and manufacturing hinder- 
nnccs as wore imposed by the excise regulations ; hap- 
pily, the incubus exists only in reminiscence. 

While the greatest stimulus was given to the crown 
and sheet glass manufacture by the abolition of the 
duty in 1845, that abolition has produced a somewhat 
paradoxical result, which is thus stated by Mr. Henuy 
Chance: — While the quantity of glass made has in- 
creased in the proportion of tlii’eo to one, the number 
of manufacturing firms has diminished in the proportion 
of one to two. In 1844 there were fourteen companit's 
engaged in the manufacture. In 1846 and 1847, fol- 
lowing the roj^cal of the duty, the number had inc^easc^l 
to twenty-four. The glass trade, after the removal of 
the heavy burden imposed upon it, scorned to offer a 
fair opening for money seeking investment. The de- 
mand for glass was so great that the manufacturers 
were in despair. Glass- houses sprung up like mush- 
rooms. Joint-stock companies were cstiiblishcd to 
satisfy the uiujprsal craving for window panes. And 
what was thSresult? Of the four-and-twenty com- 
panies existing in the year 1847, there were left, in 
1854, but ten. At this time there are but seven in the 
whole United Kingdom. Two, estahlishoJ in Ireland, 
have ceased to exist. In Scotland, the Dumbarton 
works, once famous, were closed in 1831, by the death 
of the partners, afterwards re-opened, ainl again closed. 
The seven now existing are all English. 


While thus diminished in number, the unmenee 
extent and resources of the principal great glass-houses 
now existing may be inferred from the fact already 
alluded to, damely, that the firm of Chance and 
Company executed the large order in sheet-glass for 
the Groat Exhibition structure of 1861 without mate- 
rially affecting tlieir power of executing their general 
orders. In such immense establishments, experiments, 
now untratnelleJ by the meddling officiousness of an 
absurd legislation, can be executed on a large scale, 
and vast improvements have been cflbcted. Minute, 
and apparently unimportant changes, perceptible only 
to those near at hand, have in silence done their 
work. 

j Still, as one of the eminent members of the firm 
above referred to remarks, the development both of 
the processes and applications of the glass manufacture 
is incomplete. Sir Joskph Paxton’s glass arcade, 
stretching over the streets of London, and Dr. Sleigh’s 
city of glass, in which invalids will inhale the gentle 
air of Madeira, — these are faint foreshadowings of the 
destiny of this wonderful substance. And, perhaps, the 
day may come when some future chronicler of glass 
shall smile at the barbarians of the nineteenth century, 
who could not make window-glass without defects, and 
shall exhibit those defects as the curiosities of a by- 
gone age. 

The annexed table, from Macculloch, shows the 
state of the manufacture, quantity exported, and 
amount of duties, a few years previous to their 
repeal : — 


De«crij>tiou 01 01n«« 


(iunnlily 

inaiiuliiutimMl 

(.junntWy 

rxpoitud 

liato of 

(JlOfW 

Aiiioiiiil <.if 
liuty. 

Uni^vbaok oq 
ox|,H)rtc(L 

Nctl Amount of 
Ihitj 

aft T (ieducthiM; 
iiriiwbuuk niuT 
otbur Icffftl nllow- 
CIUCOK 

Flint-Glass 

1840 

Cu'ls. 

104,880 

Cwts. 

10,913 

(To 15th May, 1810, 18s. 8d. f 
])CT cwl. ; Binoe, 18s. 8d. l>er - 
(cwt. and 5 per cent. ) 

£ 

101,029 

£ 

21,190 

£ 

79,8,30 

Ditto, 

1841 

07,'VJ4 

20,510 

05,. 505 

22,005 

72,960 

Ditto, 

1842 

83,053 

1 3,090 

81,073 

15,008 

66,875 

riate-glass, 

1840 

33,023 

S(]. 

52,879 

fTo 15th Mav, 1840, £3 perl 

104,117 

7,412 

96,705 

Ditto, 

1841 

27,030 

121,113 

rvvt. ; since, X3 per cwt. and 
( 5 per cent. ) 

87,001 

17,483 

69,578 

Ditto, 

1812 

21,528 

08,318 

07,812 

0,80G 

57,940 

Crown-glass, 

1810 

120,978 

Cwts. 

1,5,318 

(To 15lh May, 1840. £3 13s.fi.l. ) 
])er gwd, ; since, £3 13s. OJ. v 
(ficr cwt. and ,5 per cent. ) 

492,902 

73, .530 

417,497 

Ditto, 

18U 

110,805 

19,118 

451,004 

92,070 

357.337 

Ditto, 

1842 

07,495 

12*309 

370,205 

60,891 

313,323 

Gorman 

1840 

10,859 

8,219 

( To 151 h May, 1840, £3 Ids.Od. 4 

03,980 

33,604 

30,382 



1841 

20,855 

8,781 

per cwt. ; since, £3 13tt. Ojl. ^ 

80,473 

36,876 

43„597 

Ditto 

1842 

25,500 

7,701 

j per cwt. and 5 j)cr cent. } 

08,307 

32,348 

66,049 

Broad riiect-ghiss, . . 

1840 

9,051 

14 

.To 15th May, 1840, IT 10s. 

J ]K‘r cwi. 

13,915 
cwt. and 6 

2 

13,913 

Ditto, 

1841 


1 To 15th Ang. 1810, £I lOs. jier 

jier cent. ; 


Ditto, 

Common bottle-glass. 

1842 

,1840 

( 

525,574 

292,887 

£3 1 D. Gd. ])er cwt. and 
(To ISth May, 1810, 7s. perl 
-■ cwt. ; since, 7.s. per cwt. and > 
(5 per cent. j 

5 per cent. 
180,883 

103,926 

85,957 

Ditto, 

1841 

.501,177 

310,037 

184,174 

114,109 

1 70,065 

Ditto, 

18-12 

300,482 

225,633 

143,490 

82,916 

1 60,681 


Total iiott revenue collected during the throe years ending v 

rith 1842,. . 


£1,902,595 


Annual average nett revenue of the three years ending with 1842, 


.£ 634,198 


I. Account exhibiting the Qni\ntiii<‘s of the clilfV'rent (lc«icriptionw of Glass Tnamifaclurcd during each of tlio Three YeaTB ending 
with 1812, with the t^uaiititics dx}>orted, the Uatfs and Produce of llic Duties, et cetera. 


All kinds of glass may now bo imported free of duty, weight. The residuary customs’ duty of one shilling 
except flint cut glass, Hint colored glass, and fancy and sixpence a hundredweight on shades and cylinders, 
ornamental glass of every description, on which there and any kind of window-glass, white, or stained of ouo 
remains a customs’ duty of ten shillings tlio hundred- color only, expired on the 5th April, 1867, 
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n* A Toturn of tlie Hates of Duty on Glass In 1813, with the Quantities of each Kind of Glass retained for Homo Use, and the 
ag^egate Kett Bevenue in each Year, from 1813 to 1842, both included, noting the Periods when any Alteration of the Duty 
took place, and the Amount of such Alterations. ^ 


Bata ofduty ' 
In IBIS, 
Per cwt 


Flint 

Plato. 

Crown. 

German 

ShOHt. 

Brood, 

Common 

bottle. 

88t 

BS>. 

73a, 6d. 

73fl.(>d. 

SOs. 1 

8n tU 

QuiintitltM of gloas rotninod iur home uee. 


Cwts. Cwtrt. Cwts. Cwts. 

23,370 9,398 84,441 

24,227 6,778 84,251 

24,911 419 77,485 

20,011 .. 66,151 

22,117 1,739 76,561 

26,978 6,391 88,893 

28,809 6,473 90,726 

24,745 8,735 74,183 

21,927 9,718 86,384 

21,400 9,562 95,510 

21,829 11,607 101,392 
24,951 13,543 123,815 


34,184 15,082 140,298 

47,090 12,527 115,731 
46,688 14,209 114,381 

54,255 17,096 121,158 


50,869 13,925 02,252 

40,353 12,677 80,026 

49,608 14,373 88,688 


j 51,586 11,554 86,007 170 


51,818 13,803 105.134 

52,890 16,306 106,389 

43,936 16,911 111,051 4,248 

86,866 10,903 117,011 

78,121 21,640 101,300 707 

81,504 23,002 il3,7,5i; 2,2(52 

82,300 26,465 113,340 5,170 


82,486 31,200 111,316 7,914 


74,444 22,088 93,033 11,208 
68,098 18,396 81,715 17,117 



Period Olid amonat of Alterotion ofduty. 


fFrom 5th July, 1819, the duty onl 
c l»late-glasH reduced from £4 18a. to j 
( £3 per cw t. J 


From 6th July, 1825, the duty of £4*1 
18s. on flint-glass repealed, and a 
new duty of £12 lOs. for every i 
one thousand pounda of fluxed ma- 
terials for flint-glass imposed. J 
# 

From Sill July, 1828, the duty on com-*) 
mon bottle-glass reduced in Great 
Britain from 8 b, 2d. to 7s. jier cwt., 
and the duty on every description 
of glass assimilated throughout the 
United Kingdom. 


From 10th October, 1832, the duty 
on fluxed materials for flint-glass 
reduced from £12 lOs. iier one thou- 
sand pounds to 20s. for every one 
hundred pounds. 


fFrom lOlh October, 1835, the duty 
J on fluxed materials for flint-glass re* 
j duct'd from 20 b. to Cs. 8d. per one 
L hundred pounds. 


Yriin 1.51 b May, 1810, the duty on 
every description of glass increased 
5 per cent. ; and from 15th August, 
1840, tlio duty on broad glass in- 
creased from £1 10s. to £3 13s. Gd. 
per cwt. 


663,162 

608,993 

667,998 

691,467 


The following tabular statement, exhibiting the 1855, and the exports of glass, of foreign and colonial 
amount of the imports of the different kimls of glass 7uamifacturCy during the same period, is extracted from 
enumerated, for tbo throo years ending 31st December, tlie Trade and Navigation Eotiirns : — 


White Fliut-glttsa Goods— except bottles — not 
cut, engraved, or otherwise ornamented, .... 
All Flint Out Glass, Flint Colored Glass, and 


18.53. 

Cwts, 27,577 
Lbs. 221,304 

IMPORTS. 

18.54. 

31,6.39 

794,194 

1855. 

25,420 . . . 

749,151 . . . 

1853. 

. . . 5,485 

. . . 16,415 

rXPORTS. 

1864. 

3,012 

14,175 

1855. 

1,126 

21,747 

Lbs. 106,621 

358,472 

378,065 . . . 

. . . 15,980 

4,584 

3,039 

Cwts, 6,893 

10,692 

9,402 , . . 

... 1,143 

840 

585 


The a>>ove exports refer to glass of foreign and colo- able to the war with Russia ; but this effect Boafccly 
Trial manufacture. The groat falling of in these exports appears in the following statement of the exports and 
during the years 1854 and 1855, is obviously attribute declared value of glass of British manufatiurc : — 

VOL. n. ' 2 1 
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lIUDdredvrelgUtfl Exported. Declared val«i* 


FHnt-Glass 

Window-GlnsB, 

Bottle^ 

Plate-GlasB — value only, 

• '1853. 

457,787 

1854. 

63,072 

34,522 

481,262 

1855. 

39,283 . . 
21,473 . . 
613,128 . . 

1853. 
.... £162,849 
. . . . 58,503 

. . . . 248,458 
. . . . 48,730 

1854. 

180,806 

67,761 

274,832 

35,755 

1855. 

141,831 

33,821 

279,620 

52,283 





£518,540 

£519,214 

£507,555 


i I It is worthy of remark, that in the year 1844, the 
I year before the excise duties were repealed, and with all 
tlie advantage of a drawback, the total exports of glass, 
of British manufacture, were only of the declared value 
of twenty-six thousand six hundred and ninety-four 
pounds ; whereas, it will bo seen from the preceding 
table, that in 1855, or ten years after the repeal of the 
duties, they amounted in value to upwards of half a 
million sterling. 

GLYGEBIN. — The basic principle of the several sub- 
stances contained in the fats of animals, as also of 
I several compounds of vegetal origin, has been called 
I glycerin* Scheele, its first discovenjr, named it the 
j sweet principle of fat ; but since then, the several inves- 

I tigators who have worked upon the subject have 
I modified" this title to tliat above given, from the Greek 
j word, signifying meet. As already noticed — see vol. 

I page 406 — ^tliis body has not as yet been fully inves- 

tigated, and considerable diversity of opinion exists 
regarding its origin and nature. It is generally acknow- 
ledged to be an oxide of a compound radical, which, 
upon the decomposition of the stearin, raargarin, or 
j olein of the fats, assimilates water, and acquires the 
I composition which analysis has assigned to glycerin. 

llespecting the nature of tliis radical, much speculatiYe 
j reasoning has been indulged in. Berzelius designated 
it lypyly and contended that the defiiiite bodies in the 
natural fats were salts of the fatty acids, with the oxide 
of this radical. Ldwia, on the contrary, with whom 
I many concur, terms it ylydl; all, however, seem to 
j have attributed to it the composition IT^, and agree 
j that, by the assimilation of oxygen and the elements of 
j j water, it becomes C„ Hg 0^ = 2 (Cg 11^,) + -f* 4 HO. 

I Preparation anj> Properties. — Originally, gly- 
I cerin was prepared by a rather troublesome process, and 
! I necessarily in small quantity. Olive oil, or any of the na- 
i tural fats, was boiled with litharge — oxide of lead — and 
i water, till saponification was effected ; the fluid matter 
j remaining was decanted, and submitted to the action of 
I sulphide of hydrogen — HS~by which the portion *of the 

metallic base held in solution was precipitated in theform 
of sulphide. After filtration, the liquid was exposed to 
careful evaporation under 212'’, till all the water was 
removed, and a viscous fluid remained. This was the 
glycerin. Prepared so, it is a faintly yellowish fluid, 
with an agreeable sweet taste ; it is soluble in water, 
which it attracts from the air, and likewise in alcohol, 
but not in etlier. The alkalies, and several metallic 
oxides and salts, more especially those which ore known 
to deliqucsco in the iiir, are dissolved by it to such an 
extent that it ranks next to water in solvent power. 
Witli acids it invarial)Iy yields acid salts. It is a very 
stable compound, being persistent in air ; it suffers par- 
tial decomposition when slowly distilled, and passes 
over unchanged when a temperature of from 500'’ to 


600'’ is applied ; but, when subjected to a heat beyond 
this, it is entirely transformed into another definite 
body, known as acrohiny acetic acid, and inflammable 
gases. Thrown upon live coals, or heated in contact 
with air, it bums with a blue flame ; heated with phos- 
phorus in a closed lube, it yields acrolein. 

When largely diluted with water and mixed with 
yeast, after long standing at a temperature between 68'’ 
and 85'’, it yields, according to Bedtenracher, a 
small quantity of gas and metacctonic or propionic acid 
— Cg Hg Og = Cg Ilg Og, minus three equivalents of 
water. 

Dobeueiner found that, by tho action of spongy 
plaliiium, it was converted into an acid. Concentrated 
nitric acid transforms it into water, carbonic, and oxalic 
acids ; and, by operating upon it with hydrochloric acid 
and binoxidc of manganese, formic acid is produced 
by cautiously treating it with dilute sulphuric acid. 
Vogel states that it may be converted into glucose, 
which requires confirmation, for the tendency is for 
both to unite and form an acid salt. Pelouzb found 
this to be tho case ; for on mixing one part of cou- 
centrated sulphuric acid with half a part of glycerin, 
much boat was devclo])ed, and glycoro-sulphuric acid 
resulted, the formula of which was ascertained to he 
Cg II, Og SOg, 110 SOg. 

Glycerin is heavier than water, being at 59® of the 
density 1 *28 ; its composition, deduced from the ana- 
lyses of itself and its salts by Pelouze, is : — 




Conteslmally 

0 E(jr. of Carkou, 

36 

39*1 

7 of IlydJDpen,. . . 

7 

7*600 

5 Eqs. of Oxyiijeii, 


43*478 

1 Eq. of Water, 


9*783 


92 

100*000 

Foriuiila : — C q 

n, Oj, no = 0 . 

IIu Ofl. 

Until the late investigations of Berthollet it was 
believed that glycerin was incapable of forming ncuti*al 


compounds with acids ; but from these researches it is 
evident tliat such a supposition can no longer be enter- 
tained, since synthetically the ahovo-namod eminent 
chemist produced coini)oundB in every respect identical 
with tho natural fats both of animal and vegetal origin, 
by the union of the respective acids of such bodies with 
glycerin. He found that this base is capable of uniting 
with one, two, or three equivalents of tho acids respec- 
tively, the triacid body being similar in all its proper- 
ties to the natural -fat of which such acid may bo a 
component. Tho several compounds aro prepared by 
heating the acid and glycerin together, during Ihroo 
or four days, in close vessels, at 212® ; or for as many 
hours, at a temperature varying from 360® to about 
500®, employing an o;s;cess of one or otlier of tho con- 
stituents, according as the mono-di- or tri-acid com- 
pound is to be produced. By treating the mixture of 
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fatty acid and glycerin with hydrochloric, sulphuric, lents of acid which combines with the ^glycerin, though 
phosphoric, or tartaric acid, in a close vessel, for some the analogous compounds of each of the fatty acids 
hours, at the boiling point of water, the same results correspond in tills respect* This disposition of the 
are obtained. These several formations ore attended bodies will bo better understood by collating the sym- 
with tlie separation of the elements of water, whioh, how- hols of the several fats and their constituents^ as in the 
ever, does not take place in proportion to tho equiva- following : — 


Monostearhi, 

Bintcarin, 

Tri or Ter-Btcann, 

Monotnar|;ariu,. . . 

Bimarparin, 

Trimargarin, 

Mon olein 

Biolein, 

Triolein, 


C42 

H42 

0, 


Stuuilu nt-ld. 

Cgg Hon (J4 

t 

ClycorJn 

Og Hg (^8 — 

2 HO. 

078 

S’® 

0|. 

=. 

2(038 IT30O4) 

+ 

08 By Og •“ 

2 HO. 

Oiu 

HlW 

o„ 


siOaoHaaO*) 

+ 

OcHbOo - 

6 110. 

C40 

B40 

0 . 

= 

UarrArio acid 

Oa 4 II34 O4 

+ 

Cq Hg 08 — 

2 HO. 

G108 

H ,04 

Oi, 

== 

3 (084 H 84 O4 

+ 

Ce Hg Oa •— 

6 no. 

C42 

II40 

Gg 

— 

Oleic acid. 

Oae O4 

+ 

OoIIftOa - 

2IT0. 

^78 

B74 

012 


2 (O3G IJ34 Oh) 

+ 

Oc By C)y 

2 BO. 

Cu 4 

II104 

, Gia 


3 (O30 II34 0 ^) 


CoBgOe — 

OHO. 


Until within tho last few years, glycerin was invested 
only with scieutific interest, and its production was of 
rare occurrence ; now, however, it has acquired consi- 
derablo repute, and is manufactured in large quantities. 
Ill medicine it is calculated to render very great ser- 
vices as a vehicle for exhibiting the various remedies, 
besides being itself a specific for many ailments. 
Under certain circumstances, it acts as a valuable anti- 
septic, and a solvent in the cure of many kinds of 
urinary calculi. In perfumer}' and cosmetics its use is 
daily extending, being, on account of its emollient 
qualities and freedom from groasincss, an admirable 
ingredient for soaps, pomade, hair tonic, d cetera* 
Photographers likewise have latterly employed it witli 
success. In these and several other appliances it is 
likely that in a short time its consumption will bo 
much greater than at present, although it has already 
been manufactured extensively. 

Several modified processes arc jimsued to obtain it, 
some of which may bo briefly noticed. As already stated, 
it was procured as a secondary product in tlio manu- 
facture of lead plaster. Equal parts of powdered 
litharge and olive oil we^’e mixed with water, and 
tlie mixture boiled till a plombiferous soap resulted 
from tlio combination of the oleic and other fatty 
acids and inetiillic oxide. During the ebullition, the 
contents of tho vessel wore kept stirred, and water 
supplied from time to time, to make up the loss by 
evaporation. When tho yellow color of the litliargc 
disappeared, and tho mass looked white and homo- 
geneous, tho fire was removed, and tho liquid por- 
tion decanted, and afterwards treated with sulphide 
of hydrogen, as long as any precipitation occurred. A 
succeeding filti’ation removed the metallic sulpliido, 
and after this the liquid was evaporated at a wator- 
batli heat, and fincdly in an exhausted receiver over 
sulphuric acid. When the evaporation is performed 
in contact with tlie air, the fluid acquires a brownish 
tinge. Jaun’s process is similar to the foregoing, 
only tliat the proportion of the substances is varied. 
Instead of equal quantities, he takes five parts of 
litharge and nine of cJivo oil, and proceeds with them 
08 described, and boils the soap with water three 
successive times, decanting and mixing the tlnee solu- 
tions together. The tinge is removed by filtration 
through animal charcoal, or by digesting tho weak 


liquor with a mixture of animal and freshly-prepared 
wood or peat charcoal, filtering and concentrating in 
the usual way. By this course, he obtained about 
seven ounces of glycerin from tho above quantity of 
materials. Glycerin can be obtained from tho mother 
liquor of the soap factories, by adding, to it a slight 
excess of sulphuric acid, heating the solution with 
carbonate of baryta, filtering, and, after tho filtrate has 
been concentrated by evaporation, extracting tlio gly- 
cerin with alcohol. On distilling off the spirit, the 
glycerin remains. It may likewise be readily prepared 
by dissolving castor oil in absolute alcohol, and passing 
hydrochloric acid gas through the fluid. The fatty 
ethers are washed away by water, and tho residuary 
fluid affords the glycerin in a state of purity on evapo- 
ration. %Tiy adhering fatly matter is separated by 
digesting the liquid in ether, and decanting the latter. 

Cap’s process for tho preparation of glycerin from 
the mother waters of tho saponification of stearin with 
liino in the manufacture of stearic acid candles, is as 
follows : — The liquid drawn off* from tlie lime-soap is 
reduced by evaporatiou in steam kettles over a naked 
fire ; and, after ascertaining how much lime is present, 
by prceipitutiijg a certain bulk with oxalate of ammonia, 
cofleet ing tlio precipitate, drying, burning, and weighing 
it, witli the requisite precautions, the necessary quantity 
of Bulpliuric acid to combine with the lime is added, 
w^hen sulphate of lime falls. 

After its subsidence, the clear liquid is decauted into 
another recejitacle, in which it is boiled out of contact 
with tlie air, and stirred at the same time by some 
mechanical an-angement. This ebullition expels all 
the volatile fatty impurities which may be present, and, 
conse(]ucntly, the liquid loses both color and odor. As 
soon as the solution arrives at a density of 14® Twad- 
doll, it is allowed to cool, wlicn tho precipitation of a 
further portion of sulphate of lime occurs. Should an 
excess of acid be present, as may be known by its 
action on tincture of litmus, some chalk or powdered 
limestone must be added fractionally till the liquid is 
neutral. After this Uie boiling is continued as before 
out of contact with air, during which time the contents 
of the vessel must be actively stirred, till the solution 
marks 37*5° Twaddell. Tho sulphate and carbonate of 
lime are now collected on a filter, and the filtrate reduced 
by evaporation, till, upon cooling, it marks 49®, care 
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being taken to keep it well agitated during the time. If 
any further quantity of sulphate of lime falls, a repetition 
of the filtration is necessary. To remove the tinge, 
the fluid is passed through washed animal charcoal or 
bone black, when a pure colorless solution of glycerin 
is obtained, marking 45° ; and, by carefully concentrat- 
ing it further, a fourth of its weight of water may be 
removed, when the residuary sirnpy fluid iudicates 
51*2° Twaddell. According to Wilson, the product 
thus obtained, though superior to tliat manufactured 
l)y the old process, is not absolutely pure, no matter 
how much care is taken in conducting the operations. 

A much more economical mctliod is that introduced 
by Txlghmann in 1854. By this process the fatty 
bodies are broken up into acid and basic substances, 
through the agency of heat, pressure, and steam, as 
described at page 433, vol. i., and form separate layers 
in the recipient, into which the products flow from the 
condenser. The glyccnn, which is the heavier of the 
two, forms the lower stratum, and the fatty acids the 
upper ; the latter can be readily separated mo(ihanically, 
and the former left devoid of any other impurity ex- 
cepting water. By careful concentration, the aqueous 
matter may be expelled, and the product obtained of a 
specific gravity of 1 *24, and coiitainiiig only four per 
cent of moisture ; but, by prolonging the operation, 
two per cent, more of water may be removed, and the 
pure glycerin is left of a density = 1*200. Wilson, 
by injecting superheated steam into a hot solution 
of fat, succeeded in effecting the decomposition of the 
latter, and at the same time the fatty acid and glycerin 
are carried over into the receiver, where they form two 
layers, as in Uio preceding instance, and capable of 
being readily separated. 

Analysis. — Tlio analysis of glycerin demands all 
the expertness of tlie practical chemist. It may be 
accomplished by submitting it, or some one of its 
haore definite and permanent salts, to combustion with 
oxido of copper or chromate of lead. If a salt of this 
base with baryta or lime bo the sulyect, it may bo 
mixed with the powdered oxidizing agent, introduced 
into the combustion tube, and burned in the usual 
way; but when glycerin per se is to be analysed, it 
must be inserted into small glass bulbs, the aper- 
tures of wliich arc drawn out to a fine point, and two 
or three of the latter introduced into the combustion 
tube, placing throe or four indies of the oxidizing 
.agent between them. From five to ton grains will be 
sufficient for the analysis. Attention should be paid 
to inserting the bulbs, so that the aperture of eadi may 
open towards the sealed end of the tube, in order that 
the fluid may have to traverse through a longer portion, 
and come in contact with more of the oxidizing agent 
than if the bulb part was dropped in first. By this 
means, a more tliorough oxidation of the elements is 
insured. Tlic water and carbonic acid produced during 
the burning are severally arrested by chloride of cal- 
cium and hydrate of potassa in the usual way, and 
their quantity determined. When operating upon 
liquid substances generally, the combustion tube should 
bo longer than when required for solid bodies, to pre- 
sent a greater oxidizing surface to the vapor as it 
passes off. 


Glycerin cannot be readily detected in animal fluids, 
unless it bo present in such quantity as will permit its 
being extracted and subjected to an elementary analysis ; 
but as it is exceedingly difficult, or nearly impossible, 
to isolate it pure when associated with other animal 
matters, this metliod can rarely be successful. A 
characteristic test remains, however, whereby the pre- 
sence of glycerin may be ascertained, in Uio peculiar 
bodies to which it resolves itself on being decomposed 
by heat. The most remarkable of these is acrolein — a 
Bubstanco possessing such an intense and marked odor 
as to render it unniistakoable. When, therefore, the 
substance suspected as glycerin, after being deprived 
as far as possible of all impurities, is rapidly heated 
cither per se or with a little anhydrous phosphoric acid, 
an acrid pungent odor, somewhat analogous to that of 
the wick of an extinguished candle, is evolved, and 
this is sufficient proof of the presence of glycerin. 

0 0 LB. — Or, French; Gold, German; Aurum, 
Latin. — This most precious of the metals, so highly 
esteemed on account of its rarity, beauty, high 
specific gi*avity, non-liability to tarnisli or oxidize, and 
consequent admirable adaptation, both as a medium of 
exchange, and for articles of ornament, has been known 
and prized from tlio most remote antic piity. In its 
pure state, it is of a rich yellow color, high metallic 
lustre, but nearly as soft as load, so that it cannot bo 
used in a state of absolute purity eillier for jewellery or 
coinage. It is the most malleable of metals, and witli 
tlio single cxcoptiou of platinum, it is the heaviest body 
in nature, being nearly twenty times the weight of its 
bulk iu water. Gold is almost always found in the 
metallic state, and in this form is largely diffused over 
the earth ; but in many localities it occurs in such 
minute and widely-scattered fragments, that it will not 
jiay for working expenses. It is found iu many forms — 
in masses, lumps, fragments or rniggots, dendritical 
threads, scales, dust, and infiiiitesimally mixed with 
the auriferous quartz ; but almost always mechanically 
mixed, and not chemically, as with other metallic 
ores. Htaicc, the operations for extracting it from its 
deposits differ from those required by almost every 
otiior metal, in being for tlic most part purely mechani- 
cal . They chiefly consist in pulverization and washing 
— the high specific gravity of the mental greatly facilitat- 
ing the latter process. But thoroughly to extract the 
gold, amalgamation is often resorted to— a quantity of 
mercury being mixed with the ore, which forms an amal- 
gam with the gold, and is afterwards expelled by distil- 
lation. If copper aiul silver be present, which is 
generally the case, the fonnor is removed by cupcllatiou, 
and the latter by a process termed parting. These 
operations will bo fully described under their proper 
beads. They have merely been referred to at present 
to explain the incidental allusions to the metallurgical 
department of the subject, which cannot be entirely 
avoided in detailing the history of the metal, and of 
modern gold discoveries. 

Historical Notice.— From the circumstance that 
gold occurs in the metallic state, often mixed with the 
superficial soil and sands of rivers, it was probably tho 
first of tho metals known to man. Accordingly, one 
learns from the sacred record, that gold existed iu that 
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part of the earth’s surface which was first prepared as 
the dwolliug of the human race. Moses states, that 
tlie land of Havilah, encompassed by one of the four 
rivers which watered the garden of Eden, not only pos- 
sessed gold, but gold of a superior quality ; and Jon, 
who is supposed to have written about 1800 years 
before the Christian era, alludes to the earth having 
dtfM of gold. With reference to the remark of Moses, 
that the gold of the land of Havilah was good, Mr. 
Napier of Glasgow, in a recent publication on tlie 
Ancient Workers and Artificers of Metals, justly re- 
gards it as warranting two inferences ; first, that gold 
liad been found in other localities than the one referred 
to; and, second, that different qualities of gold were 
known in the time of Moseb. But as this, like the 
other metals, is an elementary substance, and not a 
compound, it follows that all gold, when pure, must bo 
of the same quality. Hence the further inference, that 
the workers in metul in the time of Moseb, with all the 
acknowledged skill of the ancients in metallurgy, were not 
acquainted with the method of reducing gold to a state of 
absolute purity. That they were acquainted with the 
refining of the precious metals to a certain extent, plainly 
appears from diflerent passages in the Old Testament, 
in which familiar allusion is made to this operation; 
and made, too, in terms which seem to imply that the 
methods then adopted weVc in many resi)cct8 similar 
to those now employed. Silver and gold are purified 
or soparated from foreign ingredients by much the same 
processes ; a knowledge of the one implies a knowledge 
of the otlier ; and Job says, surely there is a mine for 
silver, and a place for gold, which men refine ; while 
David compares the words of the Loud to silver tried 
in a furnace of earthy purified many times. Malachi 
is still more particular when, in comparing tlie diulgo 
of all the earth to a refiner’s fire, ho says : he shall sit 
as a refimir and purifier of silver^ and he shali purify 
the sons of Levi^ and cleanse them as gold and silver. 
Here there is an evident allusion to tho last operation 
ro<piired in the refining of silver — that of cupcllation — 
<luring which the refiner must place liimself at the fur- 
nace, and watch till tJio metal emits a bright flash, 
which indicates that the process is finished. Gold, as 
will be afterwards explained, is submitted to tho same 
operation ; but it requires a furihor treatment to free it 
from the silver with which it is invariably mixed to a 
greater or less extent; and this operation, known as 
parting ^ is the only process, essential to tho perfect 
Iiurification of gold, which does not seem to have been 
known to tlie ancients. There is, at least, no evidence 
that they were acquainted with this process ; but ratlier 
tho contrary, from the words of Moses, which indicate 
that gold from a variety of sources was then believed to 
possess essentially different qualities; although, it is 
true, that the sacred historian may refer to the different 
states of purity in which the metal was found. 

The small per oentage of silver which is frequently 
found in gold in tlie native state, detracts but little | 
from its beauty or value ; and as tho ancients appear to j 
have been well acquainted with the methods of separ 
rating it from other ingredients, there is little doubt 
tliat a large proportion of their gold approached to a 
state of purity. On the other hand, it is frequently 


found combined, or mechanically mixed, with a very 
considerable amount of silver; and hence it may be 
presumed, that much of the gold in circulation among 
the ancients, was merely an allo}^ of these two metals 
in those proportions in which they are found in nature. 
This view of the subject is not only rendered probable 
by the frequent allusions to fine gold^ and to gold of 
different qualities obtained from certain specified sources, 
such as the gold of Ophir, gold of Parvaim, gold from 
the north, et cetera ; but it is confirmed by the fact, 
that the ancients had a special name for the alloy pro- 
duced by the mixture. This alloy they termed elect- 
rum^ which Pliny states to have been made artificially 
by mixing four parts of gold and one of silver. Now, 
it is worthy of notice, that this is about the mean propor- 
tion in which tho admixture is found native in many 
auriferous localities ; and hence it may he prcRurned, 
that the alloy termed elcctrum, for which the moderns 
have no distinguishing name, was formed by the an- 
cients artificially to imitate a large proportion of tho 
gold which was tlicn in circulation, separated from all 
its native impurities, except the silver. Beckmann, 
who* states positively that the ancients were not acquaint- 
ed with the art of separating gold and silver, affirms 
that they used the oloctrurn as a peculiar metal ; and 
Napier is at the pains to argue, that since they made it 
artificially, it could not have been considered by them 
a distinct metal. But Beckmann evidently means that 
they regarded the mixture in the same light as brass, 
brom^, German silver, and otlicr useful alloys are 
viewed in tho present day. 

Oil the whole, there is strong ground for believing 
that tho ancients were unacquainted with the method 
of parting these noble metals — tho difficulty arising 
from tho fact, that both of them refuse to be oxidized 
ill tlie furnace ; and j^et, there is a shade of doubt on 
the subject, which renders it peculiarly interesting to 
the archaiologist. Nitric acid is said to have been un- 
known until it was discovered by the alchemists in tho 
thirteenth century; and yet, Mr. Uerapatu, of Bristol, 
lias lately discovered tJiat tho markings on a ]»iecc of 
mummy cloth were made with a solution of silver, 
which he coneludes to have been the nitrate, or common 
marking ink. Indeed, there is some ground for believ- 
ing that the ancient Egyptians wore acquainted with 
both nitric and sulphuric acids, with either of which tho 
operation of parting is performed; and in that case, 
they could not bo ignorant of the fact that nitric acid 
dissolves silver, and that it is without oJlbct upon gold. 
On the other hand, it is difficult to suppose, that if these 
things were known to the Egyptians, they should not 
have been known to other nations, and more espe- 
cially to the Hebrews. 

But whatever doubt may rest on this point, it is cer- 
tain tliat the ancients, in luter times at least, were 
acquainted with the method of extracting gold and 
silver from tJio ores or earths by amalgamation^ for this 
process is mentioned both by Vitruvius and Pliny, 
writers who lived about the beginning of the Chris- 
tian era; and, indeed, it is described by Pliny in 
terms which show that it was practised nearly in the 
same manner as at the present day. The mercury 
employed in this operation, meixily combines with tho 


254 


GOLD — -Historical Notice. 


i 


I 

! 


I 


metals in the earths with which it is mixed, and these 
must afterwards bo separated by other processes. 

Both gold and silver, more or less pure, were used 
by the ancients for articles of ornament and utility, as 
well as for money. Many of the vessels, and much of 
the sacred furniture of Solomon’s magnificent temple, 
were made of gold. It is stated also, that in forming 
the tabernacle in the wilderness, gold was beat into 
thin plates, and cut into wires or threads to work it in 
the fine linen, from which it appears that the Israelites 
bad learned from their masters, the Egyptians, the art 
of gold-beating — an art in which, Wilkins states, in 
his Aficient Efjypt^ the latter were well skilled. 

Gold was also in great demand among the heathens, 
for tlie statues of their gods or idols ; and some of these 
are mentioned by Herodotus and other historians as 
of immense magnitude. In connection with this sub- 
ject, the golden calf which was made by Aaron in 
the wilderness, has furnished a curious subject of 
controversy to modern commentators. With reference 
to this object of idolatrous worship, it is recorded 
that Moses took the calf, and hiirned it with fire, and 
ground it to powder, and strewed it upon the water, 
and made the children of Israel drink of it. In 
another passage it is stated, that he stamped it, and 
ground it very small, even until it was as small as dust. 
Now, the difficulty connected with this passage, which 
has so much perplexed well-meaning commentators, is 
the fact, that gold, however strongly heated, is incap- 
able of being reduced to powder by mere stamping or 
grinding. It is, as already stated, the most malleable 
of the metals, and is only fiaticned by stamping, licnee 
it has been affirmed by Dr. Kitto, on the autliorily of 
Goguet, and reiterated by other commentators as a 
groat discovery, that Moses was acipuiiutod with the 
wonderful powers of mdroii as a solviiiit of gold, and 
that the golden calf was either burned with natron, or 
•was heated in the fire to accelerate the action of tfiat 
solvent. Unfortunately, how'ever, it so happens that 
nati’on or carbonate of soda has no such action n[K)n 
gold as tliiit which is ignorantly attributed to it by these 
writers; moreover, there is no mention of any solvent 
being used, or of any intention on the part (;f Mosrs to 
communicate to the water with which the gold was 
mixed a nauseous taste, though this appears to be the 
principal object of tJie commcntat(»rs. In fact, as 
Napier justly remarks, the whole chemical or metal- 
lurgical difficulty, if any such exists, may bo got over, 
by merely assuming that ]Mo8ES fused the gold in the 
fire to cast it into ingots, which were afterwards heat 
out into iliin i)lates or loaves, and then would readily 
admit of being reduced to powder — a process which is 
practised at the present day to procure an impal]>able 
gold dust em])l()yed for various purposes. 

Although it c^u scarcely be supposed tJiat the total 
amount of gold in circulation in ancient times wa.s so 
^p-eat as at present, yet, from the practice of hoarding 
the precious metals which tlien prevailed, and from 
the limited commercial intercourse which then existed, 
it seems to have accumuUted in some countries, and 
in particular circumstances, to an incredible extent. 
Conquerors were accustomed to carry off all the gold 
they could collect or extort from the subdued nations ; 


and thus, after a series of successes, the coffers of the 
victorious monarch and his subjects became replenished 
with treasure. Hence the vast amount of the precious 
metals which j)oured into Rome from the provinces, 
when she ruled the world. Hence also the enormous 
accumulation of gold and silver which King David 
is recorded to have collected during his lifetime for 
building tlie temple — an amount which has been esti- 
mated at not less than nine hundred million pounds 
sterling, being more tlian all that has been raised in 
all the mines in the known world during the last fifty 
ycai-s. It is scarcely possible to avoid the suspicion 
that some error has crept into the calculations by 
whicli this astounding result is arrived at ; hut still it 
is quite certain tliat immense quantities both of gold 
and silver wore often accumulated in ancient times; 
and to this day no inconsiderable mystery hangs over 
the sources from which these treasures were derived. 
Any little knowledge that is possessed on this subject 
will bo mentioned in enumerating the auriferous or 
guld-i)rodueing localities known at the present day. 

It is piobable that with the decline of the Roman 
Empire, the art of extracting and refining the precious 
metals, like other arts, became to a great extent lost 
in the darkness of medi.'eval barbarism. It Avas then, 
however, that a now ai’t began to appear, which aimed 
at a still liiglier object, and which, however chimcricoi 
in its jjmsuits, struck out many important incidental 
discoveries, and contributed largely to prepare the way 
for the triumphs of modern chemistry. Any account 
ot the history of gold Avould ho incomplete which did 
not make some allusion to Alchemy — the chemistry of 
the middle ages — by which was elaborated, not gold 
indeed, but much of the ai)paratu8 and many of tli(‘ 
principles of a scienc(5 which is infinitely more impor- 
tant to the human race than gold itself. The object 
of alchemy was not the refining of thti precious metals, 
hut their multiplication, by the transmutation of the 
baser metals into gold and silver. Tins [fiirsuit, Avhich 
may be termed sordid, when viewed in the light of the 
motives by which it was animated, continued through 
long centuries of darkness to lead the i)hiloflO])hical 
world on aji ignis fedum chase, terminaLing in disap- 
pointment aiivi miseuy. IIekmes Tkismpigistus, who 
is said to have lived in the year of the W’orld 207 (>, has 
generally been quoted as the oldest of the alchemists ; 
blit there can bo little doubt that the writings attri- 
buted to him are entirely spurious. The next great 
name in the history of alchemy Avas Geber the Ara- 
bian, Avho is suppostMl to have lived not later than the 
seventh century of the Christian era. A work on 
alchemy, in three hooks, hearing the name of lliis 
philosopher, was published at Strasburg in 1520 , and 
shoAvs a considerable knowledge of the chemical pro- 
perties of gold. ThLs metal was termed by tho alche- 
mists jSo/, the sun —and silver, Ltana, the moon. Medi- 
cal preparations of gold wore termed solar^ and those 
of silver, lunar medicines. One of the chaptei’S of the 
Avork attributed to Geber is devoted to The AleJiemie 
of Sol ; and after descanting upon differont means of 
refining and dissolving gold, the author describes several 
solar mediciues, which are all solutions of gold in nitro- 
hydrochlorio acid, with tho addition of quicksilver or 
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morcary, common salt or chloride of sodium, and some 
other saline matters. If the work he geiniino, there- 
fore — a point, however, on which considerable doubt 
roste — intro-hydrochloric acid was known as the solvent 
of gold in the seventh century. It was certainly known 
as such not later than the fifteenth, and was termed by 
the alchemifita aqua regia^ or the royal solvent, from 
the circumstance that gold was regarded by them as 
the king of metals. They esteemed it, indeed, the only 
pure metal, and beljcvod that all the otlicrs were 
merely adulterations or diseased forms of the same 
substance, which might bo purified or revived by 
j)rop 0 r processes. Mercury and aqua regia were the 
principal agents which they employed. Not a few of 
them protended to have discovered the secret; and 
some were even so disinterested as to publish the pro- 
cess, but in language understood only by tlio adepts, 
and which, it may bo safely pnisumed, was rarely intelli- 
gible to IhomsclvoB. In all cases, the student was 
directed to prcj>aro his mind by siiitablo acts of piety 
and charity ; and much religious and cabalistic jargon 
was mixed with their pretended recipes. From the 
fact that, in the present slate of chemical science, the 
bther metals, as well as gold, are believed to bo ele- 
mentary substances, the Kditor deems it unnecessary 
to Bay that tlio doctrine of transmulation was founded 
on ignorance ; but at a time when the elomontary 
nature of the metals was unknown, the belief in tlieir 
possible transmutation was natural ; hence it was 
eberished by not a few persons of acknowledged emi- 
nence, The celebrated Kocier Bacon, who nourished 
in the thirteenth century, was a believer in alchemy, 
and published a work on the subject. Van IIelmont ‘ 
acknowledges bis l>elief in the making of gold and 
silver, though he does not degrade himself, like too 
many of his contemporaries, by professing to have dis- 
covered the secret. Bekqman, in summing up the 
evidence for and against the possibility and jjrobubiJity 
of transmutation, arrives at the conclusion that, unless 
all historical evidence bo rejected, some of the accounts 
given are entitled to confidence. Fven the great Lord 
Bacon has been arraigned as a believer in alchemy, 
though he rather urges the possibility than the proba- 
bility of transmutation — a view of the subject so far 
from meriting ridicule that, in the state of chemical 
science in his day, it would have been unphilosophical 
to hold a different opinion. That Boyle was a sceptic 
on tlie subject is well known ; but it is less generally 
known, and in fact it has only lately come to light, 
that in the ranks of the alchemists must now be 
enrolled the illustrious name of Sir Isaac Newton. 
This startling fact is a recent discovery, published 
for Iho first time in the last edilion of Sir David 
Brewster's life of that philosopher. It is now known 
that ho was absorbed in this pursuit for years; and 
that the intense eagerness witli which he prosecuted 
this object accounts, to a great extent, for the apparent 
indifference which he showed in so long delaying te 
pul>fish some of his greatest discoveries. Associated 
with such an array of great names, and more especially 
with the last, the alchemists are not to be contemned 
or derided as mere dreamers and visionaries ; the pur- j 
suit of the object which tlicy bad in view was ns | 


natural as their belief in the possibility of its attainment 
was warranted by the knowledge of the composition of 
matter then existing; but that which excites a just 
indignation, which constitutes a fair subject for ridicule, 
and stamps with infamy many of the professors of the 
art, is the mixture of fraud, pretension, and hypocrisy, 
which appears in their writings. It is these unworthy 
profesBom that have brought contempt on a pursuit 
that was prosecuted by many good and great men ; 
and which, however fruitless as regaras the immediate 
object in view, elicited many important facts of which 
science at the present day reaps the full benefit. The 
history of alchemy — so replete with empiricism and 
pretension — teaches also the gratifying fact, that not 
only has the philosophical world advanced in know- 
ledge, but in candor, in honesty, and in moral dignity. 

The further history of gold, which has assumed a 
profound interest in modern times, and demands there- 
fore a larger space than is usually devoted to historical 
notices in tliis work, will be given in connection with 
tlie sources or localities from which it is chiefly derived. 

Sources. — With the single exception of iron, gold is 
more generally distributed than any other metal ; but 
fur the most part it occurs in such minute quantities, 
as either to escape notice, or, as already remarked, 
not to repay the cost of extraction. On the other 
hand, many localities in dillcrent quarters of the 
globe, and especially, of late years, portions of Cali- 
fornia and Australia, have ju-oved splendid exceptions. 
The principal matrix of gold is quartz rock, and 
this rouk is commonly a vein of greater or less 
thickness, intersecting beds of granite. The chief 
sources, however, from which gold is obtained, are the 
various alluvial deposits, consisting of sand and gravel, 
produced by the disintegration of silicious, granitic, and 
other igneous and mctamorpliic rocks, and which have 
been transported by the agency of water from the 
mountainous distiicts. In these beds it is invariably 
found in tlio metallic state, but is never quite pure ; 
it usually contains a certain proportion of silver, and 
not unfrequently iron, cojiper, and small quantities of 
several other meUls, 

It is difficult, if not impossible, to ascertain the pre- 
cise localities from which Avere procured the very con- 
siderable quantities of goffl that indisputably existed in 
the earlier ages of the world. Tliere is no doubt 
that many regions, now cxliausted, would formerly yield 
large siqqilies of this precious metal. The name of the 
place which figures most prominently in the Old Testa- 
ment writings, and which has reappeared as llie desig- 
nation of certain auriferous localities, in modem times, 
is the land of Ojiliir. This name occurs in tlie ancient 
book of Jon, and is frequently alluded to afterwids in 
the Jewish history. It seems to have been the great 
source of gold in those days — the California or Austra- 
lia of the ancient world ; but in what country, or even 
in wliat quarter of the globo it was situated, is a prob- 
lem not yet 8 o1v(|mL It is certain that the Ilobrows 
traded with it fronr!?te time of David to that of Jbho- 
SAFiiAT, and some have placed it in an island in the 
Bed Sea; bnt this is inconsistent with the recorded 
fact, that Solomon’s fleet took up' three years in their 
voyage to Ophir, and brought home not only gold, but 
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apes, peacocks, spices, ivory, obouy, and almug-treos. 
Accordingly, others have removed it to Zangucbar, on 
the South-east coast of Africa; others have placed it 
about Guinea ; some at Carthage ; some have removed 
it to tlie East Indies ; and otliers, still more fancifully, 
to Teru, or some other place in America. The only 
conclusion which may be safely drawn from tliis im- 
mense variety of conflicting conjectures is, that the 
question remains involved in uncertainty, although the 
most general and best supported opinion is that which 
identifies the ancient Ophir with the region of the 
modern Zangucbar. 

Herodotus states tliat the people living near Uio 
source of the Indus, obtained a large quantity of gold 
from the eastern border of the great Bactriana, and 
the desert steppes of Cubi ; and he also refei-s to pro- 
ductive mines in the North, the remains of which, on 
the South-eastern borders of the Ural mountains, are 
described by Pallas in his Travels, and were likewise 
visited by Leteciiin and Gmeltn. These ruined mines, 
which have JiU tlie marks of a very remote antiquity, 
are supposed to have been the work of a nomadic 
people, in all probability the Scythians. It is evident 
tliat much gold was produced in ancient times from 
the mines of Nubia and Ethiopia, which, like those of 
the Uralian chain, produced a copper-yielding gold. 
Belzom discovered that a very extensive tract had 
been worked in the Sahara mountains, and from those 
sources the Puaraohs arc supposed to have derived 
tlieir wealth, Mr. Jacob, from a very close examina- 
tion of the subject, is led to infer that not less than six 
million pounds sterling of the precious metal must 
have been produced annually from these mines. 

There were rich silver mines in Attica; gold mines 
in Thrace, and in the island of Thasus. Thessaly pro- 
duced ores which were rich in gold ; and Kpinis, rich 
silver mines. From these sources the Athenians drew 
their wealth. 

The Romans obtained their treasures from various 
sources, besides tJie conquered provinces — from Ujqjer 
Italy, the province of Aosta, the Noric Alps, Illyria. 
From this district, at one period, gold was abundantly 
obtained — partly in large grains on the surface, and partly 
in mines, so pure that an eiglith part only was lost in 
the processes of smelting and refining. Its great quan- 
tity caused a decrease of one-third in the price through 
all Italy, and induced the proprietors to employ fewer 
workmen in order to raise the value. The Tarbclli, a 
people at tlio foot of the Pyrenees, also streamed ex- 
tensively for gold. 

It is stated on the authority of tradition, that when 
the Phoenicians visited Spain, they found silver in siicli 
abundance, that they not only loaded their sliips to the 
water’s edge, but made their common utensils, and 
even anchors, of this metal — a statement which har- 
monizes witli the representations given by the Spanish 
discoverers of Peru. But whether this account be ex- 
aggerated or not, it is certain that the Phoenicians lost 
no time in taking possession of the country, and form- 
ing colonies in the present Andalusia. Now, it is 
known that Spain anciently possessed mines of gold in 
regular veins, especially in the province of Asturias. 
The Tagus and some other streams of that country wore 


said to roll over golden sands ; and there is little doubt) 
that when colonized by an active commercial people 
like the Phoenicians, its mineral wealth would bo deve- 
loped, and would contribute laigely to the supply of the 
precious metals in the ancient world. 

It is affirmed, that the Romans extracted gold from 
the quartz lodes in Transylvania, and also at the 
Ofogau in Caermartlienshire in this island, during their 
occupation under Trajan. It is probable, however, that 
but little would bo obtained from these sources ; and not 
much further is known of the ancient gold workings. 

The principal workings known at the present day are 
tliose of Australia, in the Southern hemisphere; of 
California, Mexico, and the Appalachian mountains, 
in North America ; Brazil, Peru, and Chili, in South 
America; Koidofan and Sofala in Africa; tlio Ural 
mountains in Siberia; and Hungary in Emope. Gold 
is found, however, in smaller quantities in various other 
places; and the Editor will now briclly indicate the 
various localities in which it is known to exist, begin- 
ning with Europe, and concluding witli the latest dis- 
coveries in Australia. 

Europe . — There are probably few countries without 
traditions of gold, and tliese have not been wanting in 
I the British Islands, which have furnislicd from time to 
time small quantities, altliough seldom in sufficient 
amount to bo equivalent to the cost of procuring it. 
Specimens are occasionally found in Wales, in tljc Cor- 
nish stream-works, and in difibrent parts of Devonshire ; 
where mining operations were recently undertaken, but 
not with remunerative success. In Scotland, it occurs 
at Lcadliills and Curnhorhead in Lanarkshire, and Glen 
'TuiTit ii> Perthshire, but only in very small quantities ; 
although in tlio time of Queen Elizabeth, extensive 
washings for gold wore carried on in the alluvial soil of 
Tjoadhills. In the county of Wicklow, in Ireland, a 
considerable quantity of native gold was discovered to- 
wards the close of the last century, disseminated in a 
quartzose and ferruginous sand. This gold was chiefly 
found in pepitaa or solid pieces, one of which weiglicd 
twenty-two ounces; and so promising was the supply, 
that the peasantry ui the neighborhood of Ballinavalley 
river actually gathered in the course of two months an 
amount of gold, for which ten thousand pounds ster- 
ling wore paid. The extraction was then undertaken 
by Government ; but the supply was soon exhausted, 
for during the two years tliat tljc mines were in opera- 
tion, only nine hundred and forty-five ounces were 
obtained, which did not pay the necessary expenses, 
and the works were abandoned. 

In France, the Rhone, and other rivers, present auri- 
ferous sands, but there are no workable mines in that 
country. It is probable that the deposits have been 
exhausted, like those of Spain, which were anciently 
rich and valuable, but are now neglected. So with 
the sands of the Danube, and many other European 
rivers, which still possess gold in small quantities, but 
rarely worth the expense of washing. In the valley 
of the Rhine, between Basle and Mannheim, for ex- 
ample, gold occurs in flakes mixed with titaniferous 
iron; but so minute are the spangles, that it takes 
from cloven hundred to fourteen hundred of them to 
weigh a gtain, troy. There are also auriferons sands 



In sotne rivers in Bwitzerland, such ae the Renas and 
the Aar. « 

In Sweden^ there is a mine at Edefors in Smoland) 
where the gold occurs nativOi and also in auriferons 
pyrites. In Germany, no mine of gold has been 
worked, except in the territory of Salzburg, amid the 
chain of mountains which separates the Tyrol and 
Carinlhia. In Piedmont, there are veins of aurifer- 
ous pyrites in the gneiss rocks at the foot of Monte 
Rosa; and these, although they do not contain ten 
or eleven grains in a hundredweight of the ore, are 
stated to have long defrayed the expense of working 
them. ' 

But the only gold mines of any importance in Europe, 
are those of Hungary and Transylvania ; and these are 
not less remarkable for their position, than for the pecu- 
liar metals with which the gold is associated. The 
principal mines are those of Hungary, in which the 
operations are carried on in four distinct localities; 
first, at Kcinigsberg, where the native gold is dissemi- 
nated in ores of sulphide of silver, which occur in veins 
and small masses in a decomposing felspar rock, con- 
stituting a portion of the trachytic formation ; second, 
at Boman, Schemniiz; and third, at Felsobanya, in both 
of which the ores likewise consist of auriferous sulphide 
of silver; occurring, however, in veins of sienite and 
greenstone porphyry; fourth, and lastly, at Telke- 
hanya, to the south of Kaschaie, where the gold is 
extracted from a deposit of auriferous pyrites, amid 
trap-rocks of the most recent formation. The Hun- 
garian gold mines do not appear to have been worked 
before the eighth century. In Transylvania, the gold 
occurs at diiferent places in veins of carious quartz, 
ferriferous limestone, heavy spar, fluor spar, and sul- 
phide of silver. These veins are often of great magni- 
tude, averaging from six to ten, and sometimes extend- 
ing to forty yards in thickness. In the mine of Kapnik, 
the gold is associated with orpimehi in granite, and in 
those of Oflfonbanya, Nagy-Ag, and Zalatna with tellu- 
rium, in a sienitic rock. The annual produce of Hun- 
gary is stated at two thousand eight liundred and ten 
pounds’ weight, and valued at one hundred and seventy- 
six thousand pounds sterling. 

It may be added, that the mines of Reicheiisteiri, in 
Silesia, which had been abandoned for more than Jfive 
centuries, have been recently opened with advantage, 
in consequence of the application, on a large scale, of 
a method invented by Professor Plattner, for sepa- 
rating gold from the waste of arsenical pyrites, which 
will be described afterwards. 

Ada . — The gold mines of Russia, which are the 
most considerable in the old world, must come under 
tljio head of Asia, as they are situaiod partly on the 
eastern flank of the Ural mountains, and parily in the 
districts of Tomsk and Yeniseik in central Siberia. 
The Ural mines, including those of Berozovsk, near 
Ekaterinburg, extend through five or six degrees of 
latitude. Here there are deposits of partially decom- 
posed auriferous pyrites dissetninated in veins of quartz ; 
and from these veins the valuable material is extracted 
by vertical shafts and lateral galleries. Generally, how- 
ever, the gold is found associated with oUier metals, as 
platinum and palladium, in fragments or debris of 
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auriferous rocks, mhed or disseminated at some yards' 
1 depth in an argillaoeous loam. 

In the dkys of Pallas, the gold alluvia of Russia were 
supposed to exi^t only near Ekaterinburg ; but, in the 
reigns of Paul and Alexander, they were found to extend 
through several degrees to the North and South of that 
locality. It was only in the reign of Nicholas that por- 
tions of the great eastern regions of Siberia were found 
to be highly auriferous.'* In these districts the ground 
rises into low ridges, similarly constructed to those of 
the Ural, and like them trending from north to south. 
They are offsets from great east and west chain of 
the Altai, which separates Siberia from, China. The 
amount of gold which is now extracted from these 
remote deposits far exceeds that obtained from the Ural, 
although, in the latter, sands of superior richness were 
discovered in 1842. This discovery was made by the 
removal of certain old buildings in which the washing 
operations had been carried on. Utider the comer of 
one of the buildings, at the depth of three yards, a mass 
of gold was dug up weighing about eighty pounds 
English. This mass was placed in the collection of tlie 
Corps des Mines at St. Petersburg. The discovery of the 
rich sands was made at the same time ; but in the Ural 
districts, the gold is not usually found in large lumps. 
It is commonly obtained in very small fragments, which 
arc separated by washing ; and the yield seldom exceeds 
thirty-six grains of gold per ton-w^eight of soil. In the 
Alltii auriferous district, which is represented to be as 
large as France, not only is the gold found mixed with 
sand and gravel on the surface, but considerable quantities 
are extracted by pulverizing the rocks. It is a remark- 
able fact that, not many years ago, the gold obtained 
from this distant region did not amount to a third part 
of that which the Ural district produced, whereas, in 
1843, the Eastern tract yielded considerably upwards 
of two millions and a quarter sterling, and the Ural 
little more than half a million, raising the total pro- 
duce of the Russian empire to near three millions 
sterling. It now amounts to about four millions. In 
the centur 3 ’^ previous to 1841, tlie mines of Berezovsk 
yielded about twenty-four thousand five hundred pounds 
avoirdupois of the precious metals. 

Little or no gold comes into Europe from other parts 
of Asia, because, as Dr. Ure justly remarks, its servile 
inhabitants place their fortune in treasure, and Jove to 
hoard up that precious mctjil. It is evident, how- 
ever, from the quantities existing in the East, that it 
must bo extracted in considerable amount from various 
sources. It is iound in tlie rivers of Syria and oUier 
parts of ^sia Minor. The Pactolus, a small river of 
Lydia, is said to have rolled over golden sands, which 
were supposed to have constituted the origin of the 
proverbial wealth of Croesus. Numerous gold mines 
are known to exist on the Cailas mountains in the 
Oundes, a province of Little Thibet, where the gold 
is found in quartz veins, which traverse a very crum- 
bling reddish granite. It is met with also in the penin- 
sula of Hindostan, and in the islands of the Eastern 
Archipelago ; |ind it cannot be doubted that consider- 
able quantities are found in Japan and China. 

4/Hca, — It is now the general opinion that the land 
of Ophir, BO frequently mentioned in tlie Old Testa- 
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monty was in Africay which still presents ia one part a 
territory knowa as the Gold Coast, implying by its very 
name the existence of the precious motal in this quarter 
of the globe. The territory so called, from which large 
quantities of this motal were formerly exported, lies on 
the west coast ; but the land of Ophir is supposed to 
havo been on tho East coast, opposite Madagascar, where 
a certain amount of gold is still collected. But the prin* 
cipal BuppUes of this metal are now found at Kordofan, 
between Darfur and Abyssiuia, known to the ancients as 
I Ethiopia, and the western region extending south from 
the river Senegal to the Cape of Palms, near the Gold 
Coast. In these districts tlie gold occurs in spangles, 
cliiefly near the surface of the earth, in the beds of 
rivers and rivulets, and always in a ferruginous earth. 
The gold which is brought from Africa is* always in 
dust, showing that the metal is obtained by washing 
the alluvial soils. Although this division of tho globe 
is supposed to have been the source of tho greater por- 
tion of the gold possessed by the ancients, yet the whole 
supply now obtained from that continent is not esti- 
mated at more than five thousand pounds annually. 

South America . — Brazil furnishes the greatest part 
of the gold which is brought into the market from South 
America, and was once the principal gold region of 
the new world ; bu^ its mines and auriferous sands seem 
to bo nearly exhausted. The greatest quantity of gold 
was obtahied from Brazil between the years 1763 and 
1763, and since tliat time it has always been on the 
decreaso. It was in the valley of the Mandi, a branch 
of the Rio Dolce, at Catapreta, that the auriferous fer- 
ruginous sands were first discovered in 1682 ; but they 
have since been found widely extended at the loot of 
the great mountain chain which runs parallel with the 
coast from the fifth to the thirtieth degree of south 
latitude. The precious motal is found in nearly all the 
rivers which form the upper branches of the Francisco, 
Araguay, Tocaiitius, and Guapor^ ; but tho largest 
proportion is found in the affluents of tho Francisco. 
The rock in these localities consists of j)rimitive granite, 
inclining to gneiss ; and the soil, which is of a red, 
ferruginous character, often extends to a considerable 
depth. It is from this soil that tlie gold is extracted 
by wasliiug. Indeed the veins containing the metal 
are seldom worked. The most numerous washings are 
established near Villa Rica, in the environs of Cociles, 
where ftie gold occurs either mingled with tho sands of 
tho river, or in the alluvial valley deposits. The pepK ^ 
i tas occur in various forms, often adhering to micaceous 
specular iron. In the province of Minas Goriies, the 
gold is extracted both by the excavation of veins and 
by tho washing of alluvial deposits. * 

This metal is likewise found in many other parts of 
Soutli America, on both sides of the great chain of 
mountains which runs parallel with the Western coast. 
Peru is richer in silver than in gold ores, but in some 
parts gold is mined in veins of greiisy quartz, variegated 
j witli red ferruginous spots, which traverse primitive 

I rocks. All the gold furnished by (Jolumbia, compre- 

; bending New Grenada and Venezuela, is the product of 
washings establislied in alluvial grounds. But Brazil 
is the principal gold region of the South American 
continent. 




North Awmea.— More gold is now produced in the 
vast continent of NorJ*h America than in any other 
part of the world. In this respect it has now taken 
tlie place which formerly belonged to South America, 
while the latter has sunk into comparative unproduo* 
tiveuess, less perhaps from the absolute exhaustion of 
the auriferous soils, than from the want of the capital 
and enterprise to work them successfully. North 
America was a gold-producing continent long before 
the discovery of the Californian treasures; but for 
many years, the only source of this preOious metal in 
that quarter of the globe was the argentiferous veins 
of Mexico, from which it was extracted along with the 
silver, as in the Peru mines of South America. At a 
later period, however, an extensive gold region was 
discovered in the United States, extending along tlie 
Eastern slope of the Appalachian mountains, from the 
river Rappahannock in Virginia Southwards to the river 
Coosa, an affluent to the Alabama, which flows into tho 
Gulf of Mexico. The metal is found in less quantity 
Northward along the same mountainous range to the 
State of Maine, and even extending into Canada, where 
a search for profitable workings has lately been prose- 
cuted with some vigor. The existence of spangles and 
pepitas of gold, in several rivers of tho East of Canada, 
has been fully established; and at the Great b]xhibitiou 
honorable mention was made of the Chaudi^ro Mining 
Company, who exhibited pepitas of native gold, col- 
lected in the washing of those streams. But the States 
of Virginia, Nortli and South Carolina, and Georgia, 
afford the most productive deposits. In. Uiese, as ia 
those of Brazil and Columbia, the auriferous ores are 
chiefly pyritical; much of the gold is extracted by 
amalgamation, after stamping under water. 

But all preceding gold discoveries in America, or 
in any other part of the world, were eclipsed by those 
that have been made within the last few years in 
California and Australia. These recent discoveries 
havo produced quite a revolution in the annual pro- 
duction of gold, the effects of which, though already 
powerfully felt in tho new impulse given to emigration 
and commerce, are only beginning to be developed, 
and must produce the most important results in tho 
I future history of the world. This may be inferred from 
the fact, th:ic the gatherings of the precious metal, 
rocicoiiing the average produce of all parts of tlie new 
and old world for a series of years previous to 1847, 
did not amount to tho annual value of five millions 
sterling, whereas tho amount now exceeds thirty mil- 
lions per annum. 

The first of these recent discoveries was made in 
1847, when California, a hitheilo-neglectcd and little- 
known region, lying at the most romrite South-western 
limit of North America, rose into sudden importance, as 
the El Dorado of the new world. The gold region, pro- 
perly so called; occupies the Northern part of California, 
commencing near the mouth of the f^cramento river, 
in lat. 39° north, and long. 122^^ west, to the north- 
east of the bay and town of San Francisco, from which 
it extends south and north. At this point two rivers 
unite and discharge themselves into the sea— the Sacra- 
mento flowing from the North, along a valley formed 
by manntain ranges^ and tho San Joaquizn, flowing^irom 




GOLD Its Sources— jOalipokhia am&'Aubtraua. 


29d 




the South, along a similar vdlloy, enclosed on one side 

of which they are composed differ considerably in 



by the Bocky Mountains, and on the other by the 

various localities, although there ate many points of 



mountainous ridge which protects the Western coast. 

resemblance through the whole serifes. in lowei 



It was on the property of an intelligent Swiss emigrant, 

valleys and flats, between the ranges of the lower hills, 



, Captain Suter, who had become a wealthy settler on 

they appear to consist of beds of gravel/ containing 



the banl^B of the Sacramento, that the first traces of 

occasional boulders of quartz and the harder rocks. 



gold were discovered in September, 1847. This hap- 

On the elevated flats, higher up in the mountains, the 



pened in the course of the erection of saw-mills on the 

surface of these deposits is generally covered by a 



estate, when Mr. Marshall, the contractor for the build- 

reddish loam, mixed with small gravel ; whilst, reposing 



ing of these, observed glittering particles in the sand of 

on the bed rock, and a few inches above it, is found a 



the mill-race, which were ascertained to be gold; and on 

stratum containing large boulders and gravel, the 



making further researches, it was found that the pre- 

boulders being principally quartz. At other points, the 



cious metal was very extensively diffused in the bed of 

whole series consists of conglomerates and soft friable 



the stream. The disooveiy soon became known to 

sandstone. Where the deposits are found extending 



the work-people, by whom the intelligence was con- 

over a large surface on the elevated flats, gold is always 



voyod to San Francisco, and in no long time, the whole 

met with, generally diffused through the gravel imme- 



population of the little town, and the scattered and 

diately above the rock on which they rest, which yields 



scanty settlers in the neighborhood, abandoned their 

from fifteen to forty cents to the hundred pounds of 



dwellings and occupations to engage in the exciting 

earth. There are parts where acres of these deposits 



search, «Tho supply exceeded the most exaggerated 

have been turned up, in which the gravel never con- 



accounts tliat had been given ; now and richer locali- 

tains less than fifteen cents to the hundred pounds, 



ties were discovered ; tlie gold was found in the beds 

and generally more. In the valleys in the lower hills, 



of various streams flowing into the Sacramento; in 

and even on the plains to the west of them, where they 



the mud of the river itself; in the channels of old 

are extended over vast tracts of country, these deposits 



water-courses, and along the sides of the hills. The 

are still auriferous, the gold being very generally 



intelligence rapidly spread to tlic neighboring conn- 

diffused, and found in greater quantities the deeper 



tries — to Mexico, to South America, to the United 

they are worked ; but sometimes they will not pay for 



States, and thence to Europe. Pcoi)le began to flock 

working, owing to the distance from water. In one 



from all quarters to the once neglected, but now coveted 

place, whore water could be readily obtained, a portion 


1 

region ; it became, in a few short months, the scene of 

of these deposits, situated to the west of the lower 



a considerable population, instead of a few scattered 

hills, was found to yield from five to thirty cents to 



tribes of Indians; miners or diggers in parties spread 

one hundred pounds of earth, through an extent of 



themselves over the face of the country ; and San 

one hundred and fifty acres, the soil being found richer 



P’rancisco, ftom a mere village, grew up into a place 

the deeper it was worked. 



of wealth, importance, and stirring activity. It was 

At a spot which was appropriate!}’^ named Mount 



at first very generally thought that the supply would 

Ophir, the auriferous soil was described as soft clay 



soon fail, but this anticipation has proved to be un- 

and slate, saturated wiili gold in small particles and 



founded ; and while, on the one hand, the amount of 

large lumps. This treasure was found from ten to 



the precious metal disseminated in the rocks and soil ^ 

thirty feet below the surface, and seven Mexicans, w3jo 


* 

appears to be almost inexhaustible — on the other hand, 

made the discovery, and kept their secret eight days, 



the constant increase in the number of miners, com- 

made in that short time tw^o hundred and seventeen 



bined with tlm improved apparatus and methods of 

thousand dollars. Other searchers, from a shaft twenty 



working, seems to have hitherto resulted in a steadily 

feet deep, obtained the soft clayey slate in buckets, and 



incrcasuig annual i)roduce, until within the last few 

found from eight to twelve dollars’ worth of gold in 



years, when it seems to have been nearly stationary. 

each bucket. In many cases considerable nuggets are 



Professor Blake, who minutely examined the auri- 

met with, but no accounts speak of very large masses 



ferous regions of California, states that, with the excep- 

of gold having been found in California. Tfie total 



tion of the diluvial strata, the whole geological foimation 

produce from this region, down to the end of 1855, was 



of tlie Sierra range, through which flow the principal 

estimated at sixty-four million pounds sterling ; and, 



rivers, consists of igneous and metamorphic rocks. 

latterly, it has averaged about fourteen million pounds 



The former are* mostly porphyritic in the lower hills. 

per annum. 



whilst higher up trachytio rocks are more frequently 

Auatrmia , — The world-vride excitement created by 



mot with. The metamorphic rocks consist of mica- 

the gold discoveries in California had scarcely subsided, 



ceous schists, slates both talcose and micaceous, meta- 

when another auriferous region was developed in the 



morphic sandstones and limestones, witli occasional 

British dominions at the antipodes, which promises to 



bods of conglomerate. In that part of the countiy 

prove not less productive. The Californian treasures 



which he examined, the extent of the diluvial deposits 

were discovered in September, 1847 ; and in the spring 



was commensurate, or nearly so, with that of the gold- 

of 1851 the long-concealed wealth of Eastern Australia 



bearing region. They are fdUnd in a belt of land from 

was first announced to the world. It is remarkable that 

1 

i 


thirty to sixty miles broad, and running parallel with 

this second discovery was not made sooner ; for so 

1 


the axis of the range. These diluvial deposits are met 

early as in 1841, the Rev. W. B. ClakkB) in examin- 

i 


with towards the lower hills of the Sierra, extending 

ing the geological stnictore of the Blue Mountains of 



.frequently some miles into the plain. The elements 

Eastern Australia, was attracted by the plutonic and 




J 




2S0 GOW Sources— Austeai-ia. 


iQotamotphie character of the axis of the range, and 
by the presence of gold in the quartzites^ and in th^ 
d^trital accumulations derived from the axial forma- 
tions* This gentleman, a native geologist, had found 
evidence of the existence of gold within sixty and 
eighty miles of Sydney, and had affirmed his belief 
that the Blue Mountains would at some time prove 
to be auriferous. Again, in 1845, Sir Boderigk 
Murchison expressed the same conviction, when he 
compared the Eastern chain of Australian mountains 
with the Ural ; and in 1846 ho even recommended the 
unemployed Cornish tin miners to emigrate to New 
South Wales, and dig for gold in the debris and drift 
of the Australian cordilleras. His writings and re- 
marks on this subject were not entirely without eficct, 
for in 1847 he received letters from speculators in 
Sydney and Adelaide, accompanied with specimens of 
gold, which tlicy haTl sought and obtained, in conse- 
quence of his suggestions ; and shortly afterwards he 
even wrote to Earl Grey, informing him that his anti- 
C)^>ations were about to be realized in a manner which 
might operate a great change in the colony. 

The discovery was at length made through tlie 
instrumentality of a gentleman named Hargraves, 
who had recently returned from Califonua, and had 
then occupied himself for two months in exploring a 
considerable extent of country in Australia. On the 
third of April, 1851, this gentleman addressed a letter 
to the Colonial Secretary, stating that he had prose- 
cuted bis speculation to a successful issue, and offering, 
for the sum of five hundred pounds, to point out to the 
officers of Government the localities in which he had 
discovered gold. To this proposal the Secretary replied 
that he was not authorized to make a blind bargain, 
but that if Mr. Uaugraves tliouglit proper to trust to 
the liberality of the Government, be might rely on being 
rewarded in proportion to tlie value of the discovery. 
Accordingly, on the thirtieth April, Mr. Hauguavks 
addressed another letter to the Colonial Secretary, 
expressing his willingness to leave the remuneration of 
Lis discovery to the liberal consideration of the Govern- 
ment, and naming the localities from which he had 
obtained specimens of the precious metal. These were 
at Summer Hill Creek, and other places near Bathurst, 
which is situated about a hundred and fifty miles west , 
of Sydney, New South Wales. 

Scarcely had this communication been made to Go- 
vernment, when the discovery became generally known, 
through some persons who had been employed under 
the directions of Mr, Hargraves. I'he fact was 
divulged that on the eighth of May these persons had 
obtained several ounces of gold at Summer IlHl Creek ; 
and on the thirteenth of the same month great excite- 
ment was created by the report that a solid piece, 
weighing thirteen ounces, had been found. This, on 
inquiry, proved to be correct, and hundreds of persons 
immediately left their accustomed avocations, and 
started for the diggings^ as they wore now called. Tho 
excitement rapidly extended, and on the nineteenth of 
May four hunchred persons were congregated at Summer 
Hill Creek; on the twenty -ninth, one thousand; and 
on the fifth June their numbers had increased to 
fifteen hundred. 


The Government now lost no time in adopting the I 
necessary measures for maintaining order. A procla** 
mation was issued,, dated twenty-second May, 1851, 
declaring that, from and after the first of June, all | 
persons digging for gold without a license would be 
proceeded against ; and authorising tlie crown commis- 
sioners to grant such licenses for a fee of Uiirty shillings 
per month. A force was appointed for the purpose of 
collecting the foes, and strong detaclunents of police 
wore stationed along tlie principal roads leading to the 
gold fields. At the same time, Mr. Hargraves, and . 
the Government geological surveyor, Mr, Stutchbury , 
with whom Mr, Clarke was afterwarrls associated, 
were ordered to make an immediate survey of the 
various localities in which it appeared probable that 
gold would be found. 

But the spirit of enterprise was now awakened in 
the diggers themselves, and soon conducted tlicm to 
new and richer deposits of the precipus metal. From 
Summer Hill Creek, to which the name of O^hir had 
been gfven, a great emigration took place to the Turon 
River — anotlier of the localities first pointed* out by 
Mr. Hargraves, and lying a little to the Northward 
of Summer Hill ; and in the month of December the 
number of diggers on the Turon amounted to six 
thousand- Subsequently, gold was discovered at j 
various other places in Bathurst, as well as in the 
adjoining counties of Wellington, Roxburgh, Georgians, 
and Ashburuam. Latterly it was fouml so far South 
as St Vincent, and ultimately over the entire moun- 
tainous range of New South Wales, extending from 
'‘IV to ?i,T of south latitude ; but more abundantly in 
the StMitboni portion of the province. 

But the progress of discovery did not confine itself 
to New South Wales. It still advanced to the South; 
and in a despatch, dated twenty-fifth August, 1851, 
Lieutenant-Governor Latrode communicated to Earl 
Grey, that large dej)osit8 had been found in tlie 
colony of Victoria. The tijiee localities first named 
were : Chine’s Diggings, aboui forty miles from Mel- 
bourne, where the gold was found in an alluvial deposit, 
consisting chiefly of quartz gravel ; at Bnninyong, near 
Ballarat, about eighty miles from Melbourne or fifty 
from Geelong, where the gold was sometimes imbedded 
in compact quartz ; and Deep Creek, only niiietec/i 
miles from Melbourne, where the precious metal was 
found to exist in connection with slate rock. Xtwas 
afterwards discovered almost in the neighborhood of 
Geelong, and likewise at a place called Mount Disap- 
pointment, about thirty miles to the North-east of 
Melbourne ; and, finally, the people of Hiat town began 
to break up the streets, which had been macadamized 
with quartz pebbles obtained from the geld districts. 

Tho excitement created in the colony of Victoria by 
these discoveries surpassed even that which ha^ taken 
place at Syduej. The whole neighboring population 
were moving towards the gold regions; Melbourne and 
Geelong were almost emptied of their inhabitants ; and 
it was found impossible tP retain the services of the 
Government employes, without an addition to their 
salaries of— first, twenty-five, and, subsequently, fifty per 
cant. Even the superior class of farmers and trades- 
men were drawn into the voi-tox, partly from shoring 
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in the general mania, ‘and partly because, when de- 
prived of their laborers and assistants, they had no 
alternative but the diggings. For some time BaUarat 
was the great source of attraction, and the stories told 
of its productiveness were almost incredible. Eight feet 
square of that auriferous soil was deemed a fortune. 
One man had found fifteen hundred pounds’ worth of 
gold in* one week — ^another man a thousand. A party 
of tliree men had met with twenty pounds’ weight in 
one day ! 

But even Ballarat was shortly surpassed by a fresh 
gold-field discovered in the Mount Alexander range, 
still further to the north, about ninety miles from Mel- 
bourne. This was found to exceed in richness all the 
diggings previously discovered. So great were the 
attractions of this new field, that the number of diggers 
at Ballarat, which had risen to six thousand, was 
quickly reduced to one thousand six hundred, while 
the number at Mount Alexander rose to twenty 
thousand. This was the climax of the excitement 
created by the gold discoveries. The whole structure 
I of Australian society became for a period completely 
I disorganized. Subsequently the precious metal was 
I discovered at various other localities, and the supply 
I was so fixr increased tliat gold arrived at the seaports 
I at the rate of two tons per week. The excitement has I 
i now subsided ; and no no\y localities have been reported, 

1 yielding the same fabulous treasures as Ballarat and 
I , Mount Alexander, when first discovered ; but various 
j new sources have been opened up, and a map of tbo 
I , country, exhibiting the gold regions, scoms to indicate 
j I the precious melal as disseminated in greater or less 
j : abundance over the whole of the mounUinotis range 
1 which extends through New South Wales and Victoria. 

; i The field of operations, therefore, continues to extend : 
i i improved machinery is brought into action ; and the 
I j consequence is, that, while less excitement exists, there 
j i is more of steady productive labor, and the aggregate 
I 1^^® precious metal has eontiiuicd to increase 

j yearly till the present time, when it seems to have 
attained nearl}’ its maximum, at thirteen millions per 
annum. It is expected, however, that when the labors 
of the large numbers now employed in deep sinking 
and in quartz mining are brought to a profitable con- 
summation, the yield, if not greatly increased, will at 
least be permanently sustained. Further details on 
this subject, and the produce of the principal mines 
and auriferous regions throughout the world, will be 
given at the close of the present article, under the 
liead of Statistics. 

Origin and Position of the Gold Deposits — 
The matrix of the gold in Australia, as in other auriferous 
regions, is quartz. The general character of the soil 
may be inferred from the description given of the Turon 
and Summer Hill Greek districts, where the gold was 
first found, and where, according to Mr. Stcttchbury, 
the Government geologist, the whole area may be con- 
sidered as schistose, principally clay-slate, accompanied 
by nearly all tlie other varieties of slate rocks, and also 
by a large amount of quartzites in veins or lodes, 
parallel to the stroke of the schist. In this district, the 
trend of all the waterways, or creefcs, in which the gold 
is chiefiy found, Is into the Macquarrie river. The 


quartz is amorphous, very rarely ciystallized; and in the 
neighborhood of the gold-yielding localities, it is ac- 
companied by titauiferons iron, both orystallized and in 
loose grains. Many instances occur ^ which the 
quartz remains attached, and interlaced by the gold, as 
also the iron. It is a fact worth recording, that, no 
gold has been found in Australia, without the iron 
sand— incorrectly termed emery — accompanying it. 

Gold in small quantities has been found on the 
summits and upon the flanks of the mountain ranges ; 
but, with few exceptions, it bears evidence of abrasion ; 
and the larger produce in every instance has been 
found in the lower levels. Assuming that the aurifer- 
ous deposits originated in the quartz rock, says Mr. 
Stutchbury, tliere is no difficulty in accounting for 
I its presence most abundantly in the various gullies and 
I creeks so numerous in this remarkably broken country. 
The schistose rocks, so readily acted upon by the 
atmosphere, constantly disintegrating and exposing the I 
quartzose dykes, leave them unsupported ; and gravi- I 
tating downwards, the laigest blocks are crushed and ; 
crumbled in their onward course, letting loose the | 

te^iacious gold in large or small portions, which, in 
obedience to their gravity, and the force of the impel- 
ling torrents, roll on until they are arrested for a timfi 
in hollows, or the cleavage fissures of the slaty rocks, 
or quietly deposited in the sand and mud, as the case 
may bo, by the cessation of the flood, until they are 
again removed by the repetition of similar causes ; or 
they may remain for ages undisturbed, by the torrents 
lakiiig another course, of which tliere are so many ! 
instances, leaving ancient bars of shingle debris now 
covered by accumulated soil. It therefore follows that 
gold, even if it be of the earliest geological origin, 
may and will bo accumulating in the lower valleys, 
as long as mountains waste and valleys exist for its 
reception. 

It has been asserted, however, by some writers, that 
tliG gold, instead of being torn out by the waters from 
the veins and primitive rocks which they traverse, 
actually belongs to tlic grounds washed by the waters 
as they glide along. In proof of this, it lias been urged 
that gold is almost always found among the sands of 
rivers only in a very circumscribed space, and that on 
ascending these rivers, their sands cease to afford gold, 
whereas, did this metal come from tlie rocks above, it 
should be found more abundantly near the source of 
the rivers. Thus, the late Dr. Ure remarks, that the 
Oreo contains no gold except from Pont to its junction 
with the Po. In like manner, the Ticino affords gold 
only below the Logo Maggiore, and consequently far 
from the primitive mountains, after traversing a lake 
where its course is necessarily slackened, and into 
which whatsoever it carried down from the mountains 
must have been deposited. The Rhine gives more 
gold near Sti*asburg, than near Basle, though tlie latter 
be much closer to Uie mountains ; and the sands of the 
Danube contain no gold, so long as the river nins in a 
mountainous region— that is, from the frontiers of the 
Bishoprick of Passau to Elfording— but they become 
auriferous in the plains below. The same thing is 
stated of the Ems, and other rivers; and it must be 
admitted that the opinion, to which it naturally leads. 
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rests npon Tery strong grounils, and is supported by 
some of the highest authorities. 

Though gold is frequently found at the surface, 
mixed with the sands of rivers, yet the auriferous 
stratum is often buried at considerable depths, and 
hence fho necessity of opening pits or diggings. Figs. 
204 and 205 will aflbrd some idea of the Australian 
gold-field strata. The latter represents what the dig- 
gers call a surface gullet, the gold being met with at 
about sixteen feet from the surface; the former is a 

secjtion of a deep 
Fig, 204 . Fig. 206. gullct, in which 

i the auriferous ore 
is at a depth of 
thirty -six feet. 
The corresponding 
letters, in both 
sections, indicate 
similar strata; a, 
black loam and 
quartz; 5, white 
loam, clay, and 
sand ; c, brown 
clay ; d, gold 
layer ; e, ycllow- 
ish-bubwn rock ; //, quartz in a con- 
crete mass; g^ stratum of sand; A, 
common clay. The auriferous ore 
earth is generally of a light color, or 
largely mixed with quartz pebbles, 
very tenacious and difficult to wash. 
Tt lies upon a yellowish brown rock, 
of a rotten texture, known as fixed 
slate, whilst higher up, above the 
gold, the strata present igneous features. 

Prohable nbwndnmt of Gold at grmt depths . — The 
probability that gold exists in almost unlimited amount 
at greater depths than have been yet explored for this 
metal, is thus argued by Mr. W. Bridges Adams : 
Quartz rock is the matrix of gold, and quartz rock is 
commouly a vein of greater or less thickness iiiter»eoting 
the beds of granite. In thi.s quartz the metallic gold is 
distributed, in particles of more or *less fineness, and 
sometimes it is found in lumps. If the granite be sup- 
posed to have been once in a state of fusion, and cracked 
in cooling, forcing up into the fissures the liquid quartz 
containing the gold, it seems more tlran probable that 
the greater part of the molten gold would settle to the 
bottom of the fluid mass, as the metal precipitates in 
an iron funiace, beneath the slag. The fragments that 
are found in rivers and alluvial ground have probably 
l>een thrown out by subsequent volcanic action. The 
spangle-gold, the nuggets, the gol l-dust, and other 
varieties, seem to confirm this; and probably, in depths 
of alluvion greater than have yet been penetrated, large 
golden fragments will be discovered, just as the hugest 
pieces of rock are found undermost in the beds of 
mountain torrents. If this theory be correct, it is quite 
within possibility that the gold-hunters, who have as 
yet explored but a small portion of the earth’s surface, 
may light upon larger deposits — may yet penetrate to 
some mass larger than the famed native iroii of Santiago 
del Estero; or a quartz vein gradually changing into the 


pure' metal. The lighter fra^ents washed to the 
edges by the stream have alone been gathered; they 
are but indications of tlie larger masses that He in 
deposit below; and it may be predicted that wher- 
ever gold has been superficially gathered at any 
period, it will be found in larger masses at some 
greater depth. 

If there be any truth in this ingenious conjecture, it 
will soon be brought to the test of experiment by the 
operations now in progress in Australia, with a view to 
deep sinking and quartz mining on a very extensive 
scale. 

Method of ExAMmiNG Auriferous Deposits. — 
As a general rule, the rocks in the district to be ex- 
amined for gold should be either granitic, porphyritic, 
or quartzose, although it is also found in olher for- 
mations, and particularly in clay-slate. The auriferous 
quartz is often stained of a rusty brown color, from the 
presence of peroxide of iron, and in many instances 
presents a cellular or honeycombed appearance. The 
points to be roost carefully examined are the sands 
of the rivers and streams, or old water-courses, as 
well as the particles of disintegrated rock which often 
accumulate in the eddies of ravines formed on the 
sides of hills by the action of water during great 
floods. The sections of rock exposed by this action 
must also be examined with a view to the dis- 
covery of veins of auriferous quartz, from which 
specimens are broken off and afterwards carefully 
assayed. 

The method of conducting a systematic assay of gold 
ores and alloys will be fully explained afterwards. It 
is a somewhat tedious and difficult process, requiring 
considerable experience and a regular assortment of 
apparatus. But even in the absence of these, a toler- 
ably correct estimate of the amount of gold present 
may be readily arrived at by the following simple 
method. 

The fragment of rock, siipporing the ore to be quartz, 
is first pounded very fine and sifted, a portion of the 
sand or powder thus obtained is washed in a shallow 
pan, and, as the gold sinks, the lighter portions of the 
substance are allowed to float off. The greater part of 
.the gold is thus left in the angles of the pan ; and by 
adding more of the powder, and repeating the same pro- 
cess, a further portion is obtained. When the bulk of 
powder, with which the gold is mixed, is thus reduced to 
a manageable quantity, mercury is added to Ihe mass, 
and forms with the gold an amalgam, which is after- 
wards heated in an iron retort to expel the morcuiy. 
In this way the proportion of gold contained in a 
specimen of rock may be ascertained with considerable 
exactness. The sands brought down by rivers are ex- 
amined in much the same manner, bat do not require 
the previous pounding; and a fair estimate of their 
value may be generally formed without the amalga- 
mating process. Sometimes, indeed, the gold msy be 
present in considerable quantity, although in a state of 
division so minute as not to bo readily perceived by the 
unassisted eye, and, therefore, in examining the eartliy 
residuum, a small magnifying lens will be found of 
great use. 

It is genei*any considered that the sand of any river 
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is worth working for the gold it contains, provided it 
will, yield twenty-four grains to the hundredweight ; but 
the sands of the African rivers often yield sixty grains 
in not more than five pounds weight, which is in the 
proportion of more than fifty times as much, while the 
Australian rivers have been known to yield considerably 
more. 

SubstatnCES often Mistaken for Gold.— 
Though gold, in its separate and pure state, is readily 
distinguishable from other metals aud minerals, by its 
color, softness, high specific gravity, and insolubility in 
the simple acids, yet in the mixed state in which it is 
generally found it requires an amount of chemical skill 
to apply these tests, and hence, where glittering parti- 
cles of other minerals appear, they are often mistaken 
for gold, even by persons who are not entirely ignorant 
of its characteristics. The substaiices which most 
generally lead to this mistake are iron pyrites, copper 
pyrites, and yellow mica. 

Common irmi pyrite^^ or hisuljjhuk of iron, which is 
more frequently mistaken for gold than any other sub- 
stance, occurs in small cubical crystals, in veins dissem- 
minated in tbe various slate rocks, and in the coal 
measures. It is of difierent shades of brass-yellow, and 
j often in fact contains minute traces of gold, thougli 
I seldom a sufficient amount of that metal to render its 
' extraction profitable. It may be readily distinguished 
1 from gold by the application of the magnet, as well as 
; by the following characters : first, instead of flattening 
I like gold under the hammer, it is extremely brittle, aud, 
therefore, readily broken ; second, its weight or specific 
' gravity is only about one-fourth that of gold ; and 
j lastly, when heated with nitric acid it is dissolved witli 
I evolution of copious red fumes, whilst gold, when so 
treated, remains unallected. It was only recently the 
I Editor was consulted by a gentleman who imagined he 
liad discovered a gold mine in Ireland. The sample 
I brought turned out to be a fine specimen of sulphide 
j of iron embedded in quartz. 

i . Copper pyrites, or yclLmo copper ore, the second 
mineral whicli is frequently niistaJceu for gold, is a 
ferrosulphide of copper, and ma}*^ be considered as a 
compound of two equivalents of sulpliide of iron, and 
one e(pu* valent of sulpliide of copper. This is tlic ore 
from which the largest proportion of the copper of com- 
merce is derived. It occurs in a variety of forms, its 
primitive crystal being tho regular tetrahedron. It is 
formed iu lodes or veins, which usually occur either in 
granite, grauwack^, or clay-slate, an'd has a strong 
metallic lustre, and deep brass-yellow color. It may 
readily be distinguished from gold by the circumstarice, 
that when heated on a piece of charcoal before the blow- 
pipe it loses tins yellow color, and fuses into a dull 
black globule, which, from the presence of the iron, is 
magnetic. If mixed with carbonate of soda and a little 
borax, it yields, when similarly treated, in skilful hands, 
a button of metallic copper. But an easier method to 
determine the presence of copper is to pulverize the 
ore in an iron mortar, or with a heavy hammer, dis- 
Bolving the powder thus obtained in nitric acid, and 
-evaporating the solution nearly to dryness ; water is 
then added, and afterwards ammonia in excess, when, 
if copper be present, the liquor assumes a rich pur- 


plish color, an unmistakeable sign of the presence of 
copper. 

Another method for determining the presence both of 
iron and copper, is to take some of the scoria left after 
submitting it to the blowpipe, and, putting this in a test- 
glass, to pour over it a few drops of hydrochloric acid, 
when an effervescing solution will be obtained. A 
little of this liquid is then transferred to another glass-— 
the one to be treated for iron, tho other for copper. 

Into one of the glasses introduce a few drops of f^rro- 
cyanide of potassium, and liquid ammonia into tho other. > 
If iron is present, the liquid in the glass to which the 
ferro-cyanide has been added will become blue, the iron 
combining with the ferro-cyanogen, and producing Prus- 
sian blue. If copper is present in the same gloss, but im 
iron, the liquid will become of a reddish-brown tint, ferro- 
cyanide of copper being formed. If iron and copper 
are present together, the two metallic precipitates will 
be the result, and a purple tint arises from tho mixing 
of the red and blue colors. The liquid in the glass to 
which ammonia was added will be changed to a 
brownish tint if iron is present, and to a fine blue if 
copper is there. 

Mica, the tliird substance often mistaken for gold, ( 
is one of the constituents of gneiss granite and mica j 
slate, and gives to the formci#[ts lamellar structure. 

In 1853 great excitement was produced at the Cape ot ; 
Good Hope, in consequence of tbe discovery, near j 

Simon’s Bay, of a substance said to contain a large | 

proportion of gold. A quantity of this suspected mineral 
was sent home for analysis, and was found to possess 
a glistening, yellow, semi-metallic lustre ; but when i 
submitted to tlie searching powers of the microscope, 
its metallic brilliancy disappeared, especially when | 
viewed by transmitted light. It had tlicn a darkish- j 
grey color, being in thin semi-transparent plates. It i 
was not acted upon by nitric or nitro-hydrochloric acid ; 
and hence, doubtless, arose the error in taking it to be 
gold. In reality, it was nothing but mica, highly colored j 
with the oxide of iron, and yielding, on analysis, the | 
following constituents ; — 

CeotMlmttlly/ I 


Silica, A. 46 

Aluiniim,. . . * 23 

Potiissa, 14 

Oxide of iron, 16 

Mangaueae, 1 


100 

The specific gravity of mica never exceeds 3 ’00 ; and 
this circumstance, together with its foliated structure, 
is quite sufficient to distinguish it from gold, which it 
somewhat resembles in color ; but even in this latter 
particular, the microscope will dispel the illusion. 

Chakacteks of Native Gold. — Gold, as already 
stated, almost always occurs in tho metallic state, 
generally in small grains or scales known as gold dust, 
sometimes in particles so minute as to be invisible, but 
occasionally in pieces of considerable weight, tenned 
nuggets. It appears doubtful, indeed, wliether, when 
this metal occurs in pyrites, it exists in every instance 
in minute metallic particles,^ or whether, in some cases 
at least, it may not be present in combination with sul- 
phur. The auriferous pyrites, as Oumas remarks, con^ 
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tain tiile gold disseminated through their mass in such 
tmall (Quantities, that it is almost always impossible to 
ascertain, even with the aid of the microscope, in what 
state the precious metal exists. As a preliminary 
roasting of this auriferous ore is generally useful, with a 
view to the subsequent amalgamation, a doubt may be 
eiitertained whether it is really present in the metallic 
state, though this has been generally assumed hitherto. 
But Dt 7 MAS thinks that the powerful electro-negative 
tendency of sulphide of gold affords a strong presump- 
tion in favor of the hypothesis, that this metal may 
exist partly, or even entirely, under the form of a 
double sulphide, in iron and copper pyrites, et cetera. 
Brogniakt ol>scrveB, that it is chiedy in its association 
with these sulphides, as also with galena or sulphide 
of lead, blende or sulphide of zinc, and mispickel or 
arsenical pyrites — a sulphide of arsenic and iron — 
that the gold becomes invisible to the eye, a cir- 
cumstance which is justly regarded as strongly con- 
firming the opinion expressed by Dumas. The other 
minerals with which it is found associated are grey 
cobalt, lithoidul manganese, native tellurium, mala- 
chite, sulphide of silver, red silver, and sulphide of 
antimony. 

When the gold is found in the form of nuggets, these 
generally communicare the iinpressiou of their having 
newspaper accounts, and 
letters received from the 
diggings, the gold is de- 
scribed as having been 
evidently in a state of 
fusion, and as resembling 
drops of melted metal 
poured into sand, the 
indentations being visible 
even upon the smallest 
particles of the gold 
when microscopically ex- 
amined. It is certain 
that such indentations 
may be observed in most 
I specimens, as indicated in Fig. 206, which exhibits a 
! microscojuc view of a fragment of Altetralian gold mag- 
nified seven hundred times. 

I Mr. J. B. Jukes, however, who may be regarded as 
i a competent authority, conceives that this is probably 
j a mistake, and that tlio idea may have originated from 
I the gold having been deposited in small holes, crevices, 

I and interstices of the quartz rock, and subsequently 

i rolled, so that it assumes such forms as melted 
lead is seen to do. It docs, certainly, appear remark- 
able that the particles of gold should retain inden- 
tations received in a state of fusion, after being tossed 
about, probably for a long period, among water and 
gravel. 

Fig. 206 has been given as the greatly magnified re- 
presentation of a very small grain. Fig. 207, on the 
contrary, is a much reduced delineation of a lump of 
almost pure gold, Weighing'S? lbs. 6 oz. 15 dwts, which 
was found in the diggings, at Forest Creek, Mount 
Alexander, in the Colony.^ of Victoria. Among other 
pieces ITl-ought home with it in. the same vessel, were 
several nuggets weighing upwards of a pound each, 


and one of 1 Vo. 8 oz. 6 dwts. These smaller 
lumps, however, contained quartz, whilst the larger 
one appeared a massive lump of nearly pure gold^ of 
a very fine color. Jt measured eleven inches in 


Fiff. 207. 
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length by five in breadth, at the widest part. This 
was sii{)posed to be the largest nugget which had 
been found in Australia up to the time of its discovery, 
but one or two others considerably larger have been 
since obtained. 

Gold is also occarionally, though rarely, found in a 
crystallized state; and when met with, the crystals should 
be carefully preserved as cabinet specimens, for which 
purpose their value is much greater than that wliich 
they are intrinsically worth for the gold they contain. 

The most common forms arc the cube and octahedron, 
with their various modifications. The faces are gene- 
rally dull, and in most instances the edges are slightly 
rounded. Some years ago, several interesting speci- 
nicufi of crystallized gold, from California, were described 
in SillitmrCa American Joumaly by Mr. Francis 
Alger of Boston. The collections in which the speci- 
mens were found were brought from California by 
Mr. G. Fj. Tyler of Boston, and Mr H. B. Platt 
of Now York. The crystals were distinctly octahe- 1 1 
dral, simple and modified, the surfaces being but I j 
slightly disfigured by attritiorg or the cflects of trans- j j 
ported action — a very unusual circurasfance, as gold | j 
is generally found in comparatively minute grains, 
at a distance from the rocky matrix in w'hich it is sup- 
jiosed by some to have been primarily embedded. Mr. 
Alger states in his pajier, which was read before the 
Boston Society of Natural History, that he had never 
before seen what was unquestionably a genuine crystal 
from California. He adds that an irregular crj'stalline 
plane could only occasionally be traced out in former 
specimens; but among those exhibited were examples 
of crystallization as perfect, among the small ones 
especially, os arc to be seen in magnetic iron ore or in 
spiiielle. 

Of the larger specimens in these collections, the most 
striking exam^des were three octahedrons of tlie sizes ' 
exliibited in I'igs. 208, 209, 210. Each of these crystals 
was found in an isolated state. The smallest one — 

Fig. 208 — was the most i>erfect, and waft entirely free 
from any adhering portion of the matrix. This un- 
usually perfect crystal exhibhs, as partly shown Ih the 
Figure, four pretty regular faces in the lower half, and 
three of its six solid angles are perfectly formed to a 
j)oiut Two of its faces are sunk or depressed ; tmd in 
one of them, the cavity thus formed, is very deep and 
regular, like an interior triangle; the depression extend- 
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ing not quite to ibe edges^ but so as to leave all round 
a narrow ridge or border, the interior sides of which are 
parallel with the edges of the crystal. Mr. AnOElt in- 

Fijj.m Fig. 209.* Fig. 210. 




fbrred that this depression, which is shown by a darker 
shade in the wood-out, had been formed when the crystal 
was in a liquid state, and that, soon after the outside 
had congerdcd or solidified, the inner portion, or a part 
of it, had run out, leaving the surroundiug consolidated 
edge in a perfect form, lie remarks that he has seen 
something similar to tins formed among artificial crys- 
tals, as, for instance, metallic lead — which takes the 
form of an octahedron — and lead ore partially desul- 
phurized, when the metal was allowed to flow off slowly, 
just as tlie outer crust had formed over the surface of 
the crystals. Indeed, this, parallel case is of not un- 
frequent occurrence in the crystallization of the ductile 
metals. 

In the largest—Fig. 209 — of tJio three crystals of 
which the preceding sketches are given, it will be 
observed that only one-half of the octahedron is formed, 
its base blending with the rough gold, or showing only 
the commencement of the planes of the upper pyramid. 
Three of the planes are quite smooth, except along 
their edges, which are permanently marked by the 
same projecting border or edge described on the smaller 
crystal. The doprcvSsion, however, is not so great as 
in the latter. Mr. Aluicu remarked that this peculi- 
arity was confined to the unmodified crystals. 

In some there was a double series of IJiese ridges, the 
inner one appearing to exhibit the commencement of 
another crystalline face within the cavity of tlie larger 
one. lliis phenomenon was strikingly shown in a 
or^'stal represented of the natural size in Fig. 210. 

, The two larger crystals — Figs. 209 and 210— were 
obtained from the collection of Mr. Platt, who resided 
a couple of years at San Francisco, and being in a 
situation which brought him into constant intercourse 
with persons' returning from the mines, purchased, at 
no small expense, the most interesting specimous he 
could find. Ilis collection was described by Mr. Alger 
as of singular beauty and value, comprising a great 
variety of ramified, arborescent, dendritic, and other 
imitative fdrms, all of somotimoB, fantastically 
joined together in the same specimen. In obtaining 
bis valuable collection, he had examined gold to the 
amount of more than, four millions of dollars. The re- 
markable size of the two larger crystals Uiub described, 
and the fact that some of Uie others contained portions 
of oxide of iron, induced a suspicion that the greater 
part of them were pseudomorphs of sulphide of iron ; 
but Mr: AnaBE believed that they were formed 
v;>L. n. 


under the ordinaiy droumstanc^ of ciystallizationi 
either in an open space, or while sturouhded by W 
matrix, in ench a fluid state as to allow them M free* 
dom to take their natural form. His reasonlhg on the 
subject, if not perfectly conclusive, leads to a afrong 
presumption m favor of the octahedron as the pri-^ 
mary form of gold ; and if this were more generally 
known, much disappointment and trouble might be 
saved in cases where sulphide of iron and^otlier 
ciystalline metallic forms are mistaken for the preci- 
ous ore. 

In Mr. Tyler’s collection, Mr. Alger found several 
rare modifications, some of them resembling those 
which come in their most perfect forms from Brazil. 
Fig. 211 exhibits in three positions, o, ft, o, a compound 
form produced by the union of two opposite segments 
of on emarginated octahedron. Fig. 212 is a modifl* 

Fi«. 211. 




cation of Ihe^ same form, tliou^ apparently consisting 
of irregular six-sided tables, with truncated edges. 
Some of the unmodified maclcs, as shown in difierent 
positions, in Fig. 211, were stated by Mr. Alger 
to be very distinctly formed, the edges between ec, 
uniting the two segments of the octahedron, being well 





defined. This is very strikingly shown in Fig. 213, in 
which the crj'stals are exhibited as magnified to twice 
their natural size. Fig. 214 shows tlio opposite side 
of tlie same specimen, connected with two other crys- 
tals, one a very beautiful and smooth-planed octahedron 
wiUi emarginated edges. 

Fig. 215 exhibits a made Fig.2i6. 

of gold which came from — 

Malto-Grosso in Brazil, aqjl ^ 

is in the coUectioh of the 
School of Mines, Paris. It 
is similar to that represented 
in P'ig. 211, from which 

it Only differs in exhibiriiig more of the planes of the 
octahedron and dodecahedron. Tins figure is copied 
from the volume of crystallographic illustrations accom- 
panying M. Dufr^noy’s treatise; but besides conform'^ 
ing his lettering to the notation of Phillifs, those are 
made primary pianos which are given by DtCPOilSsoy 
only as second^ies of tbe cube. 

2 i. 




266 


GOLD ^Native— Peeparation op Pure Gold. 


In all tliese the octahedral form is manifest, which 
13Qiay therefore bo assumed to be the form natural to 
gold when its particles crystallize in cooling; but as 
nearly all of these crystals show the effects of abraded 
action, it is often difficult to distinguish planes confmed 
within such narrow limits, and which are too small or 
too rough to admit of accurate admeasurement. Indeed 
the faces of the crystals are in most instances slightly 
rounded) even in specimens obtained directly from 
veins, and which, consequently, cannot have been 
exposed to attrition. 

Composition of Native Gold. — Native gold is 
Tievqr quite pure, being almost invariably alloyed witli 
silver, and containing frequently small proportions of 
copper and iron. In Siberia it is often associated with 
platinum, and in the Gongo Soco mines in Brazil, an 
alloy of gold and palladium of a pale yellow color is 
sometimes found. In Columbia a somewhat similar 


mixture is procured, in which the palladium is replaced 
by another rare metal called rhodium. In Hunga^ it 
is met with in combination with tellurium andoSier 
elements. The specific gravity of native gold varies 
from 13*3 to 18*5. 

The proportion of silver, the principal ingredient 
which is found in combination with gold, varies from 
one to fifty per cent. ; and not only differs greatly in 
specimens of native gold obtained from diverse regions, 
but even to a certain extent in specimeuB from the 
same auriferous district. In general, however, the 
composition of tlie gold of the same district is remark- 
ably constant ; so much so, that the knowledge of the 
locality whence it is derived is often sufficient to enable 
the experienced essayist to guess pretty nearly the 
quantity of pure gold which the compound contains. 
The subjoined table presents the composition of native 
gold from various parts of the world : — 


Loral It7 

Sclmbrowski, 

Honischka, 

Knthenuenburg, 

GozuBchka, 

Ui-al, 


Anamtiljoc, 

Anamaboc, 




North of Br.-u:!!, 

Gongo Soco, 

Ojas AiichtiB 

Santa Kosa Dc <3sus, 

Mannato, 

Titiribi, Goliiinbia,. . 

California, 

California, 

Canada, 


Bathurst, .... 

Transylvania, 
Wicklow, 


BIBEIUA. AND URAL. 


Autliorlty. 

Gold 

Silver. 

Coppor. Iron. 

Rose, 

98-H6 . . . 

0*16 .. 

. . . 0*35 — 

Rose, 

Rose, 

94*41 ... 

. . . 6*23 . . 

0*36 

92*80 . . . 

7*02 . . 

. . . 0*06 0*08 

Jlo’^e, 

83*85 . . . 

... 16*15 .. 


AwdtM't'w 

70*«fi . . . 

. . . 28*30 . . 

0*84 

AFRICA. 

T. H. Henry, 

98-OC . . . 

... 1*30 

0*15 

T. II.lTunry,.... 

88*25 . . . 

... 11*17 ,. 

. . . 0*10 0*36 

AMERICA. 
Rivot 

91*0 

8*7 

- ^ PrI1«* 

T. H. Heiirv,... 

83*36 . . . 

. . . 6-44 . . 

... 0*50 3*58 

BoiisHingfluit ,. . . 

84*5 . . . 

... 1.5*5 ... 

— — 

Bouaaingault,. . . 

82*4 

... 15*5 ... 

... — — 

Bousaingault,. . . 

73.45 . . . 

. . . 26*48 . . 

— — 

Rose, 

76*41 . . . 

... 23*12 .. 

. . , 0-03 — 

T. H. Henrv,. . . 

90*12 . . . 

. . . 9*01 . . 

... 0 87 

T. H. Henry,... 

86*57 . . . 

. . . 12*33 . . 

. . . 0*29 0*24 

T. H. Henry,... 

90-38 . . . 

. . . 9*53 . . . 

... — — 

AUSTRALIA. 

T. H. Henry,.. . 

95*68 . . . 

. . . 3*92 . . 

... — 0*16 

EUROPE. 

Ro.se, 

60*49 . . . 

. . . 38*74 . . 

0*77 

Mallet, 

92.32 . . . 

... G17 .. 

... — 0*78 


From this table it will be seen that the gold both 
of California and Australia contains silver, but that 
the specimen from the latter was remarkably pure ; 
and such, indeed, is the general character of Austra- 
lian gold. Neither platinum nor palladium, nor any 
trace of the metals of that class, is found in the 
newly discovered gold regions. There is, however, 
a trace of iron in the Australian specimen, and a 
small proj)ortion of both copper and iron in those from 
California. 

Pkpiparation op Pure Gold.— Like native gold, 
that which is used in the currency, as well as in the 
manufacture of jewellery, is never absolutely pure, 
being always alloyed with some other metal, such as 
copper or silver, to give it the requisite} liardness. The 
proportions of tlie metals which enter into these alloys 
will be afterwards stated. T'be methods adopted, also, 
for obtaining pure gold on the large scale, or, in other 
words, the metallurgical treatment of gold ores, with a 
view to the extraction of the precious metal in a etate 
of purity, will be fully explained. In tlie meantime, it 
may be desirable, before proceeding further, to show 


how a small portion of pure gold may be prepared in 
the laboratory. 

For this puq)08e, a piece of native gold, ft small 
quantity of gold dust, or a few coins or fragments of 
old jewellery are dissolved in nitro-hydrochloric acid 
— the (iqua regia of the alchemists— consisting of four 
parts of hydrochloric with one of nitric acid. Tliis 
will give a solution of terchloride of gold, mixed witli 
chloride of silver, if any of that metal be present. The 
solution thus obtained is evaporated with an excess of 
hydrochloric acid for the purpose of destroying tlie 
excess of nitric acid. The residue is tlien treated with 
hot water, by which it is dissolved, with the exception 
of the chloride of silver, from wliich the solution is de- 
canted or separated by filtration. 

An excess of protosulphate of iifon in solution is 
then added to the auriferous solution in the propor- 
tion of four or five parts of the orystallizod protosul- 
phate— green vitrioWto one of gold ; and the mixture 
is put in a warm place, and allowed to stand for several 
hours. In the reaction which occurs, the chlorine that 
was 9ombined with the gold unites with a portion of 
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ifie iton of Uie protosulphate, part of which is thereby 
converted into sesquisulphate, while sesquichloride of 
iron is at the same time fonned, and metallic gold is 
precipitated. This reaction is represented in the an- 
nexed equation ; — 

6 (Fe 0 | 80 q) -f- Au Cl^ ss 2 ® SO3) -|- Fcj Clg Au. 

To precipitate the gold from an acid solution of 
its chloride, Lbyol prefers to the protosulphate of 
iron an acid solution of terobloride of antimony, in 
which case the following equation exhibits the reaction 
that takes place ; — 

8 Sb Clg -f 2 Au CI3 = 8 Sb Cl^ + 2 Au. 

In this case, if chloride of silver be present, it is 
retained by tlie hydrochloric solution. 

The precipitated gold is in the form of a finely- 
divided powdor, which, when suspended in water, is 
brown by reflected and purple when viewed by trans- 
mitted light ; but under t)xe burnisher it readily assumes 
the metallic lustre and characteristic color of malleable 
gold. It also admits of being aggregated and welded 
together by percussion ; and if heated to whiteness, 
and in that state struck repeatedly with a heavy ham- 
mer, its particles become united into a solid mass, 
without having been raised to the point of fusion. 

To obtain the gold in perfectly pure state, however, 
the precipitated i^owdcr is boiled with hydrochloric 
acid of specific gravity I’l, which is then decanted, 
and the residue is boiled twice with fresh acid. The 
gold is not washed between those succ^essive treatments 
with acid, which remove the last traces of iron, and 
nearly all the chloride of silver. 

Lastly, the gold is well washed, dried, and mixed 
with its own weight of bisulphate of potassa, or a small 
quantity of borax and nitre, and fused in a Hessian 
crucible exposed to a very strong heat. By this opera- 
tion, the last portions of chloride of silver are removed, 
and a button of perfectly pure gold is obtained. 

Pkoperties of Puke Gold. — Pure gold is of a 
rich reddish -yellow color, and high metallic lustre ; in 
the pulverulent state it is brown and dull, but acquires, 
as has been stated, the metallic lustre by pressure. 
The specific gravity of fused gold is 19*2; of hammered 
gold, from 19'3 to 19-4. In this respect, therefore, it 
stands only second to platinum, of which the specific 
gravity is about 21 *5. Finely -divided gold, precipitated 
by sulphate of iron, was found to vaiy in density from 
19*55 to 20*72 ; and when precipitated by oxalic acid, 
its density was 19*49. Its equivalent is 197. In a 
pure state it is softer than silver, and nearly as soft as 
lead ; but its tenacity is so great that it may be drawn 
out into very fine wire ; and such is its malleability 
that it may be hammered out into leaves only one 
three huni*ed and seventy thousandth of an inch in 
thickness. A single grain may be extended over 56*75 
square inches of surface, or drawn out into a wire five 
hundred feet long. RiSamur, by rolling out a fine 
gilt silver wire, reduced the coating of gold to the 
twelve-millionth of an inch in thickness, and the 
surface appeared to bo perfect when viewed under the 
microscope. ^ 

Gold does not combine directly with oxygen, and, 


therefore, suffers no change by exposure to dr and 
moisture at any temperature— not even by being kept 
in a state of fusion in open vesselB, It is not attacked 
by the mineral or any of the simple acids, except selenic, 
and this by the aid of heat. The alkalies do not affect it, 
and hence a crucible of gold is a valuable instrument in 
the analysis of minerals which require fusion with the 
canstic alkalies. It is not acted on by sulphur, and, 
consequently, sulphide of hydrogen is not decomposed 
by it, as in the case of silver. Iodine has only a weak 
action upon it, but bromine and chlorine attack it easily 
at oVdi^ary temperatures; and it is dissolved by any 
substance which liberates chlorine. It is therefore dis- 
solved by hydrochloric acid, if binoxide of manganese, 
chromic acid, et cetera^ be added thereto. Its usual 
solvent is that already stated—a mixture of one part of 
nitric acid, and four parts of hydrochloric acid. T/us 
proper solvent of gold is naacent ddmincy w^hich is eli- 
minated by the. mutual action of the mixed acids. 

Gold is one of the most perfect conductors both of 
heat and of electricity. It fuses at a bright red or a 
white heat, the temperature of which has been esti- 
mated at 2016® Fahr. It is therefore leas fusible than 
silver or copper, the former fusing at 1873®, and tlio 
latter at 1996®. In fusion it exhibits a bluish-gi'cen 
color. It is not sensibly volaflle in the strongest heat 
of a blast furnace ; but in the focus of a largo convex 
lens, in the intense heat of the oxyhydrogen jet, or 
under the influence of a powerful electric discharge, a 
gold wire is dispersed in vapor; and if, in the latter 
case, the wire be placed just above the surface of a 
sheet of paper, the course of the discharge is marked by 
a broad, dark, pm pie stain, produced by the finely- 
divided gold, if, instead of the sheet of white paper, 
a ]date of polished silver be employed, it is traversed by 
a brightly-gilded line, which is firmly attached to its 
surface. When a globule of gold is placed between tlio 
terminal charcoal points of a powerful voltaic battery, 
it enters almost immediately into fusion, and gives off 
abundant metallic fumes. 

Gold contracts on cooling, and cannot be advan- 
tageously employed for castings, as it shrinks greatly at 
the moment of solidifying. Graham states that it 
cannot be obtained in crystals by cooling; but according 
to other authorities, when large quantities of gold have 
been fused, and are then allowed to cool slowly, cubes 
more or less modified on their edges and angles are 
frequently the result. It has been shown that native 
gold affords numerous well-defined crystals belonging 
to the cubic system, and that of these the gieater 
number, if not all, is affected by tlie faces of the 
regular octahedron. 

Chemical Examination of Gold Ores. — A rude 
method of ascertaining the presence of gold in crushed 
quartz, or earthy ore, by washing with the hand-basin, 
Las been descried; but gold is often present in the 
matrix in grains or particles so minute that it cannot be 
detected by tlie eye, and sometimes it is quite disguised 
by admixture with other metals or minerals* Many 
cases occur, however, in which it is of great importance 
to ascertain the presence of gold, not only as, a first 
step in the examination of suspected auriferous ores, 
but likewise in the assaying of alloys of gold with dif- 
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ferent metola. In commencing mining operation^, the 
fact of the presence of gold in the ore, in any appreoi* 
able quantity, is the first point to be determined ; and 
if this be decided in the affirmative, the next point is to 
determine the proportion or quantity of gold contained, j 
The first process is termed testing for gold^ or the qua- 
litative emmlnation of a Buspected mineral; tlie second 
is the quantitative examiTiaiionj or assaying process. 

Sulphate of iron, protochloride of tin, and oxalic acid 
are the tests or reagents pre-eminently employed in 
seeking to determine the presence of gold. 

Before any of these tests can be applied, the* sub- 
stance supposed to contain the gold must bd brought 
into a state of solution ; and this can only be done by 
means of the mixture of nitric and hydrocldoric acids 
already mentioned. If the substance consist of earthy 
or quaitzose metier, this must be reduced to powder by 
trituration in a mortar before it is subjected to the action 
of the solvent; but if the matter under examination 
be simply a metallic alloy, it can be dissolved without 
any previous preparation. An excess of acid should 
be avoided, and for this purpose some carbonate ofj 
soda should be added. When the solution is cnbcled, I 
the liquid should be evaporated to about one-eighth of 
its original bulk, and then diluted with three or four 
ounces of water. Tlii action of the reagents is as 
follows : — 

1. Sulphate of Iron or Green Vitriol — If a few 
crystals of this salt be dissolved in distilled water, and 
dropped into the suspected solution, the result is the 
precipitation of the gold, if any be present, in the form 
of a dark-brown powder, wliich is metallic gold in a 
very fiiie shite of division, as already described in con- 
nection with the laboratory process for preparing pure 
gold. If the solution has been mixed with a con- 
siderable quantity of water, the liquid, on the addition 
of the green vitriol, is colored brown by reflected, and 
blue or a dingy green, by transmitted light ; and this 
is obvious even when forty thousand parts of the mcn- 
stnium are present to one part of gold. If the liquid 
amount to eighty thousand parts, it is colored sky-blue ; 
with one hundred and sixty thousand parts, it becomes 
violet; witli three hundred and twenty thousanj^ parts 
of liquid, the violet tint is still very obvious; but with 
six hundred and forty thousand parts, it is with difficulty 
perceived. 

The deposit formed when the sulphate of iron is added 
may be coiroborativcly proved to be gold, by its being 
insoluble in nitric acid, but readily soluble in aqua 
regia. 

2. Protochloride of Tin. — If to another portion of 
the nitro* hydrochloric solution be added a small quan- 
tity of a solution of protocldoride of tin— commonly 
known as salts of tin — there will be immediately pro- 
duced, if any gold is present, a dark brownish-puride 
precipitate, known as purple of Cassius. This sub- 
stance is used in enamel and porcelain painting, and 
also for tinging glass of k fine red color, in connection* 
with which applications it will be noticed afterwards. 
Its color, though not a brilliant purple, but ratli^r a 
reddish-brown, is characteristic, and after being once 
seen is not likely to be mistaken. Its appearance, 
when tile chloride of tin is added to the liquid, afibrds 


an infallible proot of the presence of gold, for a very 
minute portion of that metal gives a manifest reaction 
when this test is employed. 

When the first test— sulphate of iron— has been ap- 
plied, and its evidence corroborated by the stduiion of 
the precipitated gold powder in aqua regia, the proto- 
chloride of tin may be employed to produce tiie purple 
of Cassius in this solution also. 

3. Oxalic Acid. — This substance, either in crystals, 
or dissolved in water, causes, when added to the nitro- 
hydrochloric solution, the precipitation of any gold that 
may be present, in the form of a brown or greenish- i 

black powder, in tlie same manner as tlie sulphate of j 

iron ; but the precipitation does not occur so rapidly. | 

Indeed, it requires not less tlian forty-eight hours for | 

the whole of the gold to bo thrown down, by the oxalic j 

acid, unless heat is applied, by which the process is ac- ! 

celerated. TJic precipitate is pulverulent gold, and may j 

be tested, as in the first case, by its insolubility in nitric 
acid, while readily dissolving in aqua regia. A crystid i 
of oxalic acid, wetted with a solution of gold, becomes j 
soon covered with a thin film of the metal, having its | 
distinctive color and lustre. I 

These are the tests most easily applied by persons j 
‘unaccustomed to chemical mauipulutiou. At the same | 
time, it may be useful to know tlie reactions of gold ‘ 
with various other substances, the most imj)ortant of 
which, including the tliree already mentioned, are sum- 
marily tabulated as follows by Dr, Lyon Tlaypair, in « 
a lecture delivered by that clicmist at the Museum of j 
Practical Geology : — 


TESTS FOR OOLT>. 

TmIj or rengnnU, BoaaUa, 

( In scid Bolution^ brown proci- 

Siilphaie of iron, -< piUiie; if Aery dilute nolu- 

( fion, only n blue coloring. 

I 111 dilute solution, a iJur]>lo-red 

Protochloride of tin, ^ coloring; when strong, al- 

( most brown precipitult*. 

( I'recipitates inctiillic gohl a? a 

Metallic zinc, ■< voluitiinous brown procipi- 

( t4ite. 

( No precipitate ; after somo 

Potassa in excess, < time a green coloring and 

( Blight precipitate. 

. , f Yellow precipiluU — fuhninat- 

j inggold. 

Car...ato of soda, or carbo f 

nate of poWska preclpiUteUke oxide of iron. 

Biwrbonatoe of eoda or po- j_ 

{« f Behaves like ammonia, carbo- 

Carbonate of ammonia | 

(Dark, greonish-black precipi- 

Oxalic acid, -< tate, more quickly produced 

( by heat. 

Tartaric acid and soda, Parle ])recipitale wlmn boiled. 

Bulphide of ammonium and ( Dark brown or black precipS- 

Bulpliide of hydrogun, \ tate. 


These reactions are so characteristio that is im- 
possible to mistake gold for any other metal. At the 
same time, it may be stated that the protochloride of 
tin is the most infallible tost, and is indeed quite con- 
clusive. It has the advantage of being more delicate 
than the others— that is to say, it will indicate the pre- 
sence of a waller quantity of gold than ttny other re* 
agent, not excepting the protosulphate of iron or the 
oxalic aejd^ * 
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Tejsts po» Metalb usuali^y Abbociatbd with 
Gold.— I n examining an ore or alloy supposed to con- 
tain gold, it is often an object of great importance to 
determine the nature of the metals with which the gold 
is associated. These may be of high value on their j 
own account, and, according to the quantities in which 
ttiey are* present, may greatly affect the value of the ore i 
or mineral in question. To enter fully into this sub* 
ject in connection with the rarer metals that are found 
associated with gold, would be of little practical use. 
The Editor will therefore confine his attention to the 
means of detecting and distinguisjiing those of most 
common occurrence — copper, diver, and platinum. 

1 . Copper » — It has been shown that copper is almost 
always associated with gold oven in quartz, and that 
copper pyrites is one of those substances frequently 
misbikon for gold. When dissolved in acids, how- : 
ever, it gives characteristic actions, whicli render its 
prosorice easily distinguishable. One of the readiest 
tests is to introduce into the solution a piece of 
clean iron, when, if copper be present, it will be de- 
posited on the iron in the metallic state. Tliis experi- 
ment, remarks Or. Lyon Playfaik, apparently show- 
ing the conversion of iron into copper, deceived the 
alchemists in their researches, ‘and gave much support 
to the idea that one mqtal may be transmuted into 
another. The action depends, however, upon a simple 
exchange, the iron going into the solution in proportion 
as the copper goes out. Again, when ammonia is 
added in excess to a solution in which copper exists, 
it communicates to the liquid a rich deep blue color. 
Ferrocyanide of potassium produces, with copper, a 
brown isli-red precii)itate, even when tlic mejal is 
})r(5sent in very small quantity. Carbonate of soda 
])rccipitate8 copper from its hot solutions in the form 
of an applo-grecii compound, which is a carbonate of 
co]q)er, known, when artificially formed, as verditerj 
and when it occurs native, as nmlachitc. Copper ore 
in the latter form exists abundantly in Australia — not,' 
imlecd, mixed with the gold, but constituting valuable 
mines, from which the ore is sent over to this country, 
with groat profit, to be smelted in Soutli Wales. 

2. SUirr . — It has been shown that gold apj)ear8 to 
bo invariably alloyed with this metal, sometimes to 
a very largo amount. In its separate state it is readily 
distinguished, not only by its white color, but also by 
its specific gravity, which is only 10‘4, or about one- 
lialf that of gold. It may be useful to state, that when 
in a very fine state of division, it is of a dark-grey color. 
Ii may be easily recognized by its chemical behavior 
to reagents, in which respect it difiers from gold by its 
solubility in nitric acid at all temperatures, and in 
boiling or heated sulphuric acid. On the contrary, 
with hydrochloric acid, it forms a wliite curdy precipi- 
tate, which ia tlie chloride of silver. If the nitric acid 
employed to dissolve it contain tlie least hydrochloric 
acid, ^ scilutJoli will become turbid by the formation 
of the chloride. Hence, when a mineral containing 
gold and silver is submitted to the action of aqua regia 
-^tro-bydroohloric acid— the ajypoarance of this white 
precipitate will immediately indicate the presence of 
the latter metal. The chloride of silver is soluble in 
ammonia, and may thus 1)0 distinguished from many 


other white precipitates; or it iDAy he ft*rther tested 
by putting the precipitate into a criictble> with carbo- 
nate of soda, and exposing the mixture to 
heat, when a button of pure silver will he obtoinod. 
By careful manipulation the amount of silver present 
may be accurately determined in tliis manner. If the 
mineral containing the silver be dissolved in oil of 
vitriol, it is readily detected by inserting a few frag- 
ments of copper, which causes the precipitation of the 
silver in a pulverulent state. 

From the fact that silver, in greater or less propor- 
tion, is uniformly associated with gold in the native 
state, it may bo useful to compare the following reac- 
tions with those given in the preceding page for the 
metal of higher value : — 

TESTS FOR SILVER, 

Te»ta or Boagenta. Besulta. 

t, . f Brown precipitate, becomes 

t black OT Veiling. 

Ammonia, jUrown preoipitale, soluble in 

* ^ excess of aminoniA. 

Carbonate of eoda or potaesa,-} 

* ’ ( flinmonia, 

n \ ^ r • f White precipitate, soluble in 

Carbonate of ammonia | 

Phosphate of soda \ 

fin Neutral solutions, white 
t precipitate. 

«« 

( Precipitates white metallic 
Zuio or copper ^ 

e , I . f . (In neutral solutions, w'hite 

Snlphateofiron | meUUlio eUvor. 

3. P/o/mwm.— I'his is another metal frequently asso- 
ciated with gold ; and as it is one of tlie noble metals,*' 
and ranks in price between silver and gold, an ore 
which contains it in any considerable quantity is of 
great value. The specific gravity of platinum is about 
21*5, and is, therefore, greater than that of gold. In 
short, platinum is tlie heaviest of all known substances. 
It is of a light steel-grey color, less ductile tliau gold 
or silver, but more tenacious, and will su{>port greater 
weights on equal tliickncsses of wire tlian any metal 
except iron or copper. It is distinguished from gold 
not only by its color, but also by its extreme difficulty 
of fusion ; it does not melt by itself in the highest heat 
of a furnace, but softens sufficiently to admit of forging 
and wielding, and in the arc of flame of tlio voltaic 
current, or befi're the oxyhydrogen blowpipe, it admits 
of being fused even in considerable masses. On the 
other hand, it resembles gold not only in its high specific 
gravity, as already stated, but also in the fact tliat it 
resists the action of all the simple acids, and is soluble 
only in aqua regia. This circumstance, together with 
its great infusibility, renders it importantly useful iu 
many of the arts, and indispensable for various pur- 
poses in the chemical laboratory. It is the metal uni- 
versally employed for apparatus which requires to be 
exposed to high temperature and powerful chemical 
agencies, without undergoing any change. It is, there- 
fore, very desirable, as Dr. Lyon Playfaie bas re- 
marked, that those who go to the gold regions should 
look well for tills precious metal, as it is likely to escape 
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the notice of the common observer from its less glitter- 
ing appearance. 

There are, however, certain chemical reactions by 
which platinum may be readily distinguished and sepa- 
rated from the gold in solution. Sulphate of iron and 
oxalic acid, which precipitate gold, do not precipitate 
platinum. When ie latter is dissolved in aqua regia, 
and the acid neutralized by carbonate of soda, it is 
deposited as a black powder, if the mixture be boiled 
with taitaric acid and soda — the ingredients of a Seid- 
litz powder. Further, the addition of chloride of am- 
monium and alcohol to a strong solution of platinum, 
causes the deposition of a yellow crystalline precipitate, 
which is characteristic of this metal. These and other 
reactions may be summarily stated as follows : — 

TESTS FOU PLATINUM. 

Teats or Bosjfenti. Boaulta. 

Yellow crystalline nrocipilate 
produced readily by the ad- 
dition of alcohol. 

( With chloride of }>latinum acts 

Potassa or ammonia, •< like the chlorides ot polas- 

( shim and ammonium. 

Carbonates of potassA and nm-J In chlond© solution yellow 

monia, ( preeijutate. 

Carbonate of sorbi, No precijiitate. 

Sulphate of iron, No precipitate, 

Oxalic acid, No precipitate. 

Protochloride of tin { 

Sulphide of hydro^^en and j Dark-brown nearly black pre- 
other Biilpliides, I cipiute. 

T«rt«ic acid and aoda 

J Slowly precipUatea motalUc 
\ platinum ab black powder. 

Application of the Jleo/jents . — Having tlius de- 
scribed the properties and characteristic reactions of 
the different metals which it is desirable to look for as 
being frequently associated with gold, let it now be 
assutned that the substance to be examined is a piece of 
auriferous quartz. This must be first reduced to pow- 
der, and then boiled for some time in an earthenware or 
glass dish with aqua regia. The solution is then diluted 
with water, passed through a filter, and allowed to 
cool. If any silver be present, it will remain in the 
filter as a white precipitate, mixed with the quartz. 

To the liquid which has passed through the filter, a 
solution of carbonate of soda is now added, until no 
more effervescence takes place. This will precipihUe 
all the other metals which may be present except gold 
and platinum. These will remain in solution. 

The liquid is again filtered, and a solution of oxalic 
acid is added until it ceases to produce effervescence, 
and has a sour taste ; then boil ; if there be any gold 
present, it will be precipitated as a black powder. The 
platinum, if any be present, will still remain in solution. 

Decant or filter the liquid from the gold precipitate, 
and add to the former protocbloride of tin, wlien a 
reddish-brown coloring will appear if platinum be pre- 
sent. Or, by boiling with tartaric acid and soda, the 
platinum will be thrown down as a black precipitate. 

It has been stated that if any silver he present, it 
will be found on the fii st filter, mixed with tlie quartz. 
Wash this with ammonia, which, if copper be present, 
will produce a deep blue tinge. To the solution which 
comes through, add hydrochloric acid until the smell 


disappears, and the silver will be thrown down as a 
white curdy precipitate. 

- It is evident that otlier methods and reagents may 
be adopted. For example, the original solution in 
aqua regia may be concentrated by evaporation, until 
it is very much reduced in quantity ; then add about 
three-fourths of its bulk of spirit of wine, and, lastly, 
a saturated solution of chloride of ammonium. By those 
reagents the platinum will be thrown down as a yellow 
crystalline precipitate, while the solution filtered from 
this, and treated with sulphate of iron or boiled with 
oxalic acid, deposit^ gold. 

By carefully weighing the gold obtained, tlie amount 
present in a given quantity of the ore or alloy may be 
exactly determined; but full details of tlie different 
methods of conducting the quantitative examination, 
including the assaying of gold ores and alloys by the 
dry process, will, to avoid repetition, be postponed to 
the close of the article. 

Gold-Digging Tools. — When the fact has been 
ascertained that a rock or soil really contains gold, and 
this in sufficient quantity to rei)ay the labor of extract- 
ing it, the first operation is that of digging the soil or re- 
ducing the rock to fra^gmcnts, with a view to its pre- 
paration for the subsequent processes. For the former 
of these purposes, the spade, the hammer, the pick-axe, 
and other common tools are crni)loycd ; but for the 
special use of the gold-digger, who canupt conveniently 
carry a complete assortment of these, an ingenious 
combination of five tools, adapted for a single handle, 
has been contrived by Mr, T. Lee of Birniirigham. 
Four of tlicso are represented in the three annexed cuts. 


Fip 216. Fig. 218. Fig. 217. 



Fig. 216 is a steel shovel, with loose handle fitted to it, 
to suit all the varieties Fig. 217 is the same shovel, 
altered for use as a pick and scraper ; this alteratkm is 
effected by withdrawing the prong of the pick fnma a 


Chloride of potagsium 
ride of aminonium 


jiuin or chlo- J 
\ 
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hollow socket made iu the handle for its reception, and 
fitting the end of the handle into the eye shown in the 
shovel Fig. 218 is the same handle fitted with an axe, 
formed with a pointed hammer, for granite-breaking. 
A fourth arrangement admits of forming the fifth tool, 
a powerful crc^-bar, by fitting a short additional bar to 
the nniversa'l handle. Armed with this combination-tool, 
as the inventor terms it, the gold-digger is independent 
of the extensive array of ordinary implements ; since, 
with the form of the apparatus represented in Fig. 217 
on his shoulder, and ^e axe-hoad and short poittt of 
the crow-bar in his hand, ho may journey freely to 
the scene of his operations ; and when he commences 
work he is ably assisted by the peculiar fitness of the 
several combinations for tbe purposes of excavation, 
i The incessant hard work of a pick rapidly wears away 
its point; but the combination-tool makes provision 
for one or more extra points to fit on the end of the 
pick. Those are of small weight, and may be carried 
in the pocket. The pick, working in conjunction with 
the steel plate of the shovel, which is in the position 
of a scraper, to remove the loosened earth, cfi'ccts a 
saving of time, while the quick change from one tool 
to another causes but little delay, in proportion to the 
convenience secured by tlie great portability of the 
arrangement. 

MBCWANICAL PlIErAUATION OF Gol.D OrES. — 
Before subjecting the ore, or tbe auriferous gangue, to 
the chemical or metallurgical processes by which the 
gold is extracted, it has certain mechanical operations 
to undergo, the number and nature of which will bo 
determined by the character of the ore itself, and its 
state of aggregation. The metal is rarely found in the 
shape of large nuggets, reejuiring only to be cast into 
ingots. It is generally either in the shape of dust, or 
spangles, or small grains intimately mixed with the 
quartz rock or the alluvial soil ; and though far the 
greatest amount of gold is obtained by the direct wash- 
ing of alluvial deposits, yet, as a considerable and 
perhaps increasing proportion is extracted from the 
solid rook, it seems to be the natural order to begin 
with those operations by which the rock is artificially 
roduciy.1 to the state of an auriferous sand or pulverized 
ore. These operations are crmliing^ stamping, and 
grinding, and are usually cori<lucted by regularly- 
established miuing companies, while individual diggers 
confine themselves to the washing of soils on which the 
same operations have already been performed by na- 
ture. 

Crushing. — To reduce the fragments of ore, as 
obtained from the mine, to the proper size for tlioir 
subsequent mechanical concentration, it is obvious that 
various arrangements may be employed, although in 
every instance the principles involved must be very 
nearly the same. For this purpose, the machine repre- 
sented in Fig. 2X9 is frequently used, and consists of 
two liprge cylinders nr crushing rollers, b, c, of cast-iron, 
moving in contrary directions in a strong iron frame- 
work, a a, secured to a solid wooden frame by means of 
screw-bolts. The bearings, d, e, of the rollers are so 
arranged as to slide in grooves, and consequently admit 
of the cylinders b^g either brought nearer to each 
other or separated to a greater distance. To admit of 


the passage of large pieces ot stone too hard to be 
broken, a certain elasticity is given to th0 machine by 
means of the lever, F G, which, by a elidi^ bar, and 


Fig. 219. 



the shoulder, k, constantly tends to keep tbe surfaces 
of the two grinding cylinders in contact, being loaded 
at its extremity with a heavy weight, H, which is ad- 
justed to the hardness of the mineral to be broken. 

After passing between the rollers, the crushed ores 
fall into the upper end of an inclined cylinder of coarse 
wire gauze, similar in construction and operation to 
that which is described in Vol. I., p. 1G9, in connection 
with the alum manufacture, and is there represented 
on thS right hand side of Fig. 97. This cjdinder re- 
ceives an oscillatory motion from the same steam or 
water power which impels the rollers, and divides the 
pulverized ore into two classes; that which passes 
through the meshes of the gauze falls on the floor ot 
the building, whilst those grains which arc too large to 
pass through the sieve are carried out at its lower end, 
and fall into the buckets of an endless chain, by wliich 
this portion is again brought to the level of the hopper 
over the rollers for the purpose of being subjected to 
another crushing. 

Skimping . — When the ore is required to be reduced 
to a finer state of division than can be readily eftected 
by means of the crushing rollers, it is usually subjected 
to tlic pounding action of large wooden pestles, armed 
with iron heads, and moved cither by steam or water 
power. The vertical wooden beams of which the 
pestles consist, are placed in a row, and are successively 
raised by cams fixed around a movable axle, so as to 
C(3rrespond with tongues attached to the pestles them- 
selves. The cams are so arranged in three spirals that 
each pestle shall give three blows during each revolu- 
tion, and as soon as the first in the series has been 
released from its cam, and begins to fall, the second 
cam of the same spiral conics in contact with the 
tongue of tbe next pestle ; and so on until each has 
successively struck a blow, when the first pestle is again 
caught by the first cam belonging to the second spiral, 
and another series of rapid blows is given. The size 
of the iron stamp-heads varies according to tlie nature 
of the mineral to be broken ; but their general weight 
Is from three hundred to four hundred pounds. 

In some of the more modern stamping-mills, both 
the axles and pestles are of iron ; and a great improve- 
ment in the method of lifting the pestles has been 
recently efiected by Mr. Walker, of London, who 
substitutes a series of endless chains for the axle, and 
thereby increases tlie height of Uic fall of tlie pestles to 
any required extent. TOs arrangement is shown in 
Fig. 220, where a a a represent throe of the pestles, 
while the top of the fourth is nearly on a level with die 
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ooUar tlirotigh which iliey pass ; and B denotes the end- 
less chains revolving on the axles, C, D. When motion 
k given to the machine, the pestles are saocessively 

Fig. 220. 



' iecting links on the chains, which are caught by tongues 
‘ on tlie pestles, and these tongues are so arranged that 
i each of them may in rotation be raised and released, 
j as in the ciiso of the si)irals already described. A 
rapid succession of blows is thus struck ; and each of 
tlie pestles when released falls on the mineral place<i 
below with its whole weight, to which much additional 
force is given by the impetus acquired in descending 
throiJgli the space, D c. 

In Mr. Walker’s arrangement, as in the older 
stamping-mills, the minerals to bo pounded are placcjd 
in a large wooden trough, in which are openings pro- 
vided with sieves, or strainers, made by punching small 
I holes in Uiin sheets of iron. . The pulverized ore is 
I carried thiough these sieves by a current of water 
j admitted into the trough, which is then conducted over 
I an inclined table, F, set in motion by tlie chain, E. 

, The heavier and richer portions accumulate on this* 
I table, whilst the lighter are washed away into a series 
i of reservoirs, in which they subside in the order of 
their specific gravity. The machine may be worked 
either by the hand or by steam or water power. 

Grinding. — If it be deemed desirable to reduce the 
ore to a still greater degree of fineness, any form of 
apparatus, commonly used for grinding, may be em- 
ployed. In Mexico the sands obtained from the stamp- 
ing-mills are afterwards gi'ound, with water, in a 
mfiyshino similar to the common mill-stone. Edge- 
stoties, resembling the apparatus represented in Vol. I., 
Fig. 97, are also employed for the same ptirpose. It 
is necessary, however, tliat the i^inding-mills be either 
of iron or granite. In the stamping-mill, the k 
already reduced to the state of sand; and, thei^fore, 
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the furtlier pulverizing, if thought necessary, is usually 
associated with the operations of washing and lhht%a- ^ 
mating. 

Washing.— I k has been stated, that the greater por- 
tion of the gold is obtained from the alluvial soils or 
sands, on which nature has already j^erformed the 
operation of crushing or pulverizing the rock. In gene- 
rM, therefore, the wasliing process is that with which 
the gold-digger commences ; and this, indeed, tbgether 
with the labor of extracting the soil from the pit, or 
from the bed of the stream or river, is the only Opera- 
tion usually resorted to for procuring the gold dtist or 
nuggets which are sent from Australia and Oailfoniia. 

At the same time, the furtlier process of amalgamation, 
when it can be conveniently employed, extracts the auri- 
ferous particles more thoroughly. These two processes 
— ^washing and amalgamation — which now remain to 
be described, are equally applicable to the pounded or 
pulverized rock, and to the auriferous soils which con- 
stitute at present the chief source oT the supply of gold. 
The absolute necessity of washing the soil, to procure 
the precious grains, even when amalgamation is subse- 
quently resorted to for more effectually extracting the 
metal and removing impurities, teaches tlie great im- 
porhince of opening the pits or diggings in a situation 
wliere an ample supply of water can bo obtained. 

Iland’-Wmhing . — The operation of hand-washing, 
which is the siniplost method of separating the gold 
I dust or grains from the soil, in a state of greater or less 
* pnrity, has been already described. T™ metliod is 
extensively practised in South America, and the instru- 
ment cniploycd is a round iron or zinc pan, Fig. 221, 
shallow at tlie 
sides, but sinking 
into a deep cavity 
in the middle, 
where the heavy 
particles of the 
gold accumulate, 
during rejieatod 
washings, which carry off the earth or stony mattere. 
The gold is still mixed with impurities, from which it is 
ultimately separated by amalgamation. 

2"he Cradle . — Next in point of simplicity to the pan 
or basin, is the cradle, or rocking machine, which is much 
used in Australia and California, and is so named from 
its resem bianco to the common article of domestic fur- 
niture. It consists, as shown in Fig. 222, of a wooden or 
tin trough, six or seven feet in length, under and acress 
the bottom of which two curved bars of wood are fixed, 
to serve as rockers. Sometimes it Is suspended by ropes 
from a cross-bar, supported at each end by two poles. 
The cradle, whether suspended or restiiig on the grotmd, 
is made to have a slight inclinarion from one end to, | 
tlio other, to allow the water to mil off. At the upper j 
end is placed a sieve, or eoaiae on wliieh the 

sand to be washed is ohatfod; Ihtoriejrof the 

bottom of the vessel is proviW tVith a few traiisvetso 
bars, to arrest the heavier particles in their descent, 
while the water and lighter matters flow off. Forfr 
men are required to work this apparattis efficiently— 
one to dig and collect the auriferous sand, another to 
carry it to the cradle, and deporit it on the gratiiig, a 




i)md to rock the trongb, and a fourth to attend to 
the supply of water, and the uniform washing of the 
material* The grating intercepts the stones and coarser 



gravel ; the earUiy matters, containing the particles of 
gold, pass through ; and the latter, with the heavy ferru- 
ginous sand, are arrested by the transverse bars, wliile 
the lighter portions are cariied down by the water to 
the lower end, which is left Qperi, or where a perforation 
is made to allow the current to escape. 

After continuing the operation, willi repeated charges 
of the auriferous sand, during a suflicient period, which ; 
will vary ac#rding to the richness of tlic material, the 
conceii tinted ore which has accumulated behind the bars 
of the cradle, is collected in a tin pan, shown in the 
same figure, and after being dried in the sun, the lighter 
impurities still remaining are removed, by blowing 
strongly on the mixture witli a pair of bellows or 
otherwise. 

Gold-Sifter . — A more refined apparatus, for washing 
and sifting the auriferous ore, wliitli was registered by 



Messrs. Lamueht and Pan by of Liverpool, is repre- 
sented in Fig* 223. It consists of an open frame, a a, 
carrying a receiver, b b, in which is a revolving liarrel, 
set with a series of pins, d, working in gear with other 
VOL. n. 


corresponding pins, which are madeihst in the receiver. 
The pin-shaft, G, which carries a fly-wheel, AH, is driven 
by the winch p. The other end of the shaft works a 
crank, i, from which a connecting-rod, J, passes down 
to a pump, K, for supplying water through the pipe, H M, 
to the working- chamber. Beneath the letter is a box, 
containing three separate sieves, N, o, P, of graduated 
fineness, and made to oscillate by a lever arm at G, 
acted on, through a rod, s, by an eccentric, B, on the 
shaft, G. At tlie foot of the frame is an incline, T, for 
running the water away into the reserjpir — strips of 
wood being set across it, to arrest any small pariiclee 
of gold which may escape through the last sieve. At 
u is a valve, beneath the receiver, B, for discharging 
the agitated mass upon the sieves. 

This is a very complete and easily- worked machine. 
By the simple turning of the winch handle, not only is 
water supplied in abundance, either from a river or 
cistern, but thB mass is well comminuted, intimately 
mixed with the water, and reduced to an impal- 
pable slime by the action of the pins, d; so that 
when accumulated in sufficient quantity to force a pas- 
sage through tlie valve, u, the great body of the mixture 
readily passes tlirough the sieves, and flows away into 
the reservoir, leaving only the grains of gold and other 
liard substances which cannot penetrate the meshes, 
while the finer particles of the precious metal, or what 
may be termed the gold dust, collect by their superior 
gravity behind the transverse bars of the incline, T. llie 
series of graduated sieves is important for assorting the 
particles of gold, and the stony or earthy matters with 
which they are mixed, into grains of different sizes — the 
product or contents collected in each sieve being nearly 
uniform. This greatly facilitates the ultimate washing ; 
for when the grains of an, auriferous mixture are of 
different sizes, the smaller surface of one fragment, in 
proportion to its weigh t>'' compensates in some measure 
for the greater density of ariotlier grain, and thus causes 
it to assume a position in the series of deposited Wers, 
to which, by its constitution, it is not entitled. This 
difficulty is found to constantly occur in practice ; and 
it is with the view of obviating it as much as possible 
that care is taken, in the best machines, to separate, by 
means of sieves, into distinct parcels, tlie fragments 
which have nearly the same size. 

Methods of Washing in Brazil . — In Brazil, the ex- 
cavations and river- washings arc entirely^3ondiicted by 
negroes, who are furnished with a large wooden bowl, 
about two feet in diameter, and nearly one foot in depth; 
ns also with a leathern bag, which is tied before them, 
for the reception of the particles of gold dust collected, 
after repeated washings, in the bottom of the bowl. 
Sometimes, however, the final washing of the aurifer- 
ous sands is conducted in long shallow troughs, the 
bottoms of which are covered with coarse baize, or with 
skins tanned with the hair on, and placed with the grain 
against the current of water. The baize, or skin, is at 
short intervals removed from its frame, and beaten over 
a shallow tank, containing water ; it is then carefully 
washed in the same vessel, until every particle of the 
gold is removed, after which it is replaced in the trough 
for receiving the auriferous sands, already partially 
washed. To obviate the inconvenience of s6 frequently 
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TetAGvmg tbe skin or cloth from Uie vessel io which the 
waiAkiHg is conducted, so endless web of the same ma- 
terial has lately been introduced, which is made to 
move by means of rollers impelled by the water-wheel 
employed for stamping the ore. The motion oommu- 
nioated in this manner is opposite to that of the stream 
of water flowing over the table ; and while the upper 
portion moves upon this table, extended between the 
two rollers, collecting, in its progress against the stream, 
the particles of gold, the lower or returning portion hangs 
down loosely, jtnd is drawn through a vessel of water, 
in which the fold is washed off and collected. 

Methode of vocmhing in Hungary and the Ural . — 
In Hungary and the Ural tlie methods of washing are 
various, but tlie principle generally adopted is that of in- 
clined troughs or tables, traversed by transverse grooves 
— principle adopted in the cradle, and almost all other 
washing-machines. On the largo scale, however, these 
inclined tables may be compared to the apparatus for 
washing coal, represented in Fig. 74, at page 95 of 
this volume. The sand to be washed is placed in the 


first groove of the series, and is there exposed to a our- 
rent of water, until the gold, mixed with a portion cf 
ferruginous sand, alone remains in the furrows* The 
concentrated ore is then removed into flat wooden 
basins, in which the impurities are gradually s^^arated 
by repeated washings, or these may be removed at once 
by amalgamation. 

Among the difierent methods adopted in the Ural 
districts, there is one by AoT^i io use at Alexan* 
drowsk, which is precisely similar in principle to that 
above described, though somewhat more complex in 
the arrangements. These m jepresented in the aU'- 
nexed engraving— Fig. 224 — where B is a conical cylin- 
der of sheet-iron, about eight feet in length; and having 
a mean diameter of al>out three feet six Inches. This 
cylinder is pierced with holes of about half an inch in 
diameter, and is fixed on a spindle commonioating by 
a train of wheels and shafts, with a water-wheel, horee 
gin, or any other prime mover, from whkh it is capable 
of receiving a rapid rotatory motion, so as to make from 
thirty to forty revolutions in a minute. A crank on 
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the shaft which communicates motion to the cylinder, 
works the double pump, c, at the back of the frame, 
which raises \yater from a well or some other conve- 
nient reservoir to the cistern, d, and from this it is con- 
ducted by pipes into each end of the cylinder, B. The ends 
of the cylinder are open, and the pipes are so airanged 
as to difiiise the water f»retty equally over its interior 
surface, " Nearly on a level with the top of the arrange- 
ment is a line of rails, on which the auriferous sands 
are brought in wagons to tlie hopper, E, from which 
they fall into the smaller end of the revolving cylinder. 
The latter by its centrifugal action ejects through its 
numerous perforations the water and finer particles of 
sand and gravel, which are received upon the inclined 
platform below, whilst the larger fragments are carried 
down to the under end df the cjdinder, and there fall 
into a box which does not appear in the engraving. 
Any gold nuggets which may he mixed with these 
fragments, being well washed and burnished in their 


gradual progress through the cylinder, are now readily 
perceived and picked out. The platform, which re- 
ceives the water and auriferous sand expelled through 
the holes inHhe cylinder, is provided like the cradle, 
the sifter, and the arrangement last mentioned, with 
numerous cross bars, for the purpose of checking the 
cuiTent, and arresting the heavier particles of the ore ; 
and after traversing ^is platform, the current descends 
to a concave table or tye, o, which is also furnished 
with a series of wooden bare, at intervals of two or tliree 
feet. The sends whicli have arrived at this part of the 
machine are kept constantly stirred or i^lfiiated by square 
frames oanying blunt iron kiiiiMS,aad mpended^^endu- 
lum-wise, by vertical bars, HH,lrom a wooden axis above 
the tye, turning on gudgeons, and placed in the direc- 
tion of its length. The frames are made to fit into the 
cavity of the tye, and a swinging alternating motion is 
given them by means of tlie rods, l l. In this way 
the sands are well stirred ; and while the heavier or 
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richer portions are retained and accnmulated behind 
the chessboards, the lights: materials are carried away 
with the current at the lower end, G, of the tye or 
huddle, from which, if not sufficiently impoverished, 
they are received on a fresh series of tables, furnished 
with similar agitating apparatus, and are finally allowed 
to pass offi This machine is able to operate on two 
^hundred tons of alluvial sand in the course of an or- 
dinary working day of ten hours, with the labor of 
twenty men and six boys, including ton men for re- 
moving the waste, if in a level country, without advan- 
tages for otherwise clearing it away. 

The partitions in the bottom of the tyes are ribs of 
two inches high and two and a half inches wide, held 
by screw-bolts and nuts, and are removed every now 
and then for the washing out of the concentrated auri- 
ferous sand. This is done the more frequently in pro- 
portion as the sands are richer in gold, 

pine Washing . — The gold obtained from all the pre- 
ceding operations, is still so much mixed with sand 
and other substances, as magnetic iron, pyrites, et cetera^ 
that it requires to be further concentrated, either by 
additional washing or by amalgamation. The powder 
collected in the bnddlos or tyes is commonly of a gi*ey 
color, and is termed grey schHch. By the cylindrical 
machine above described, the original ore or aurilerous 
sand is concentrated to about three tons of schlich for 
every two hundred tons of the crude material employed. 
For its fui ther cleaning and concentration by washing, 
it is treated on uncovered tables or frames, seven to 
ten feel long, by three or four broad, and divided into 
an upper and lower port, by a lath nailed across the 
bottom. Also, across the upper part, are fixed two 
boards, which regulate and equalize thf3 flow of water. 
The schlich to be washed is pin cod upon the upper 
division, and the workman, standing upon the frame in 
wooden shoes, mixes the sand with the water, and 
gently moves it against the current, towa^ the head 
of the arrangement, with a small wooden iSe or heath- 
broom. Tlie gold thus arranges itself chiefly near the 
head-board, and when a certain amount is collected, he 
rakes it with bis hoe or broom, just strongly enough to 
draw down the earthy particles over fJie lath to the 
lower division, without disturbing the heavier and richer 
deposit. This delicate operation requires skill and 
dexterity, and must be continued till all the coarse 
fragments are removed, after which the flow of water is 
reduced. The workman, by light brushing, raises again 
all the slime which may still remain, and as much as 
possible of the magnetic iron ore, and takes up as t)ic 
product of his manipulation tlie hlach schlich which is 
left. The upper department of the box being thus 
cleared, he now brings upward that which has settled 
in the lower part, and passes it once, twice, or thrice, 
through the same operations. This process, for winch 
the most skilful and experienced workmen are required, 
is termed fim washing. The black schlich or ore 
thus eoncentrat^ is dried, and is freed from a further 
qnandty of magnetic iron, by tlie use of an artificial 
magnet nr a piece of loadstone. 

The gold-troughs used in Hungary and Transylvania 
for ihe final washing of the powder or schlich obtained 
from the cloth-covered tables already alluded to, as well 


as the process of washing, are similar th those jnst dee* 
cribed. In these countries a broom of heather or birch 
is generally used instead of the hoe ; and In Trensyl- 
vania the troughs, which are of larger dhneiisioziSi ore 
fitted with two traps in their channels, into whioh the 
difierent qualities of schlich are swept at differentetagos 
of the process. Even after this fine washing, the 
resulting products are sometimes further concentrated 
in the bowl or washing-pan, and so reduced to a state 
fit for melting, or they are subjected to the process of 
amalgamation. 

Amalgamation of Gold Ores. — 'Ae greater part 
of the gold of commerce is imported in the riiape of 
dust, or small grains, extracted from the auriferous 
soil by the simple washings above described, and 
brought, by a frequent repetition of that process, to a 
state of sufficient purity to be immediately melted into 
ingots, more or less mixed with silver or copper. 
Sometimes, however, instead of the tedious process 
required to bring the gold by mere washing to that 
degree of concentration which is necessary for its sub- 
sequent fusion, the purification of the gold by this 
method is only carried to a certain point, and the 
operation is concluded by amalgamation, or, in other 
words, by mixing'the partially-concentrated ore with 
mercury, which seizes on the particles of gold, and thus 
completely separates and extracts the precious metal 
from the soil or gangue in which it is found. 

It may be laid down as a general rule that amalga- 
mation would be advantageously resorted to in all cases, 
as the finishing proOfess in those operations which pre- 
cede the metallurgical treatment of gold. By no other 
method can the precious metal be thoroughly extracted 
from the gangue, and so effective is its action, as com- 
pared with mere washing, that it has often been applied 
with success to extract a remunerative return from the 
refuse or waste sands ovhich have passed through the 
gold-diggcris cradle. Its profitable application, how- 
ever, will depend on tlie nature and richness of the 
auriferous soil. If the gold is abundant, and is found 
in considerable grains, as in many parts of the recently- 
discovered gold regions, the greater and most valuable 
part of it is readily separated, and easily concentrated 
sufficiently by mere washing. On the other hand, if, 
as often happens, the gold is diffused through a dense 
and heavy gangue, in particles so minute as to be 
invisible to the unassisted eye, it is evident that these 
particles will float away with the current when the 
sand or crushed ore is washed on inclined tables, and 
that their extreme minuteness will counteract the effect 
^f that difference in specific gravity by which it is so 
easy to separate the laiger grains when diffused through 
a less dense soil. On the whole, therefore, while 
amalgamation must be applied in all cases where it is 
desired to extract, practically, the whole of the gold, it 
is more especially applicable to its extraction from 
quartz rock, from heavy pyritous ores, and from other 
descriptions of gangue, through which It is diffased in 
I a state of extreme divisioxL And as the meremry 
exerts no chemical action, but may be again separated 
from the gold with little loss, the advantages afforded 
by the great efficiency of this process are net materi- 
ally restricted by economical conridemtioiia* j 
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ll>om the nature of the ore which is usually treated 
by amalgamation^ this operation is generally associated 
with the preliminary processes of stamping or giinding, 
as well as partial washing. One of the simplest and 
most primitive methods adopted is described by Mr. W. 
B. Adams as having been witnessed by himself, in the 
course of a week’s trip which he made with a South 
American cateador or gold-mine hunter, for the purpose 
of ac(juiring information. When the travellers had 
passed the extreme limit of vegetation, and entered a 
narrow ravine between lofty ridges of hills, the cateador 
began to examine careftilly the stones at his feet, which 
became more and more abundant, till nothing was seen 
but clay-slate shingle. On the second day, after turning 
up another ravine, he picked up a stone, wlticli be ex- 
amined with some attention, and then went on. About 
mid-day the travellers stopped, and the gold-hunter 
picked up a fragment of quartz from amidst a great 
variety of stones. He then placed it on a flat piece of 
rock and pounded it, and ground it to powder, which 
he placed in a horn, and poured some water on it, 
shaking it about with a peculiar motion. A second 
and a third water were added, and finally he 
fringe of fine gold on the black horn, along the 
the quartz sand. No vestige of gold could 
be observed in tlie quartz before grinding. 

Satisfied with the result, he went on tracking 
the fragments of quartz, till at last the travel- 
lers came to the vein, in granite rock. Ho 
selected a few pieces, which he put in his 
wallet, then piled up some stones* to mark 
the spot, and they set out on thfeir return 
home. In a neighboring valley, he exiiibited 
his stones to a proprietor, whose business 
it was to extract gold from quartz, and sold him his 
discovery for the sum of twenty-five dollars. 

The mode of extracting the gold was very simple, 
and is thus described. A vertical running-stone 
traversed in a circular stone trough. Quartz, broken 
to the size of walnuts, was thrown into the trough, with 
several pounds of mercury. A small stieam of water 
trickled into the trough, and flowed over at a particular 
spot, carrying with it the finer ground particles. At 
the depth of a foot it fell into a goatskin bag, with some 
quicksilver in it; thence into a second, thirdy- fourth, and 
fifth bag, as long as any fall could be obtained. After 
working several hours, the mill was stopped, and all the 
mercury collected in a long narrow linen bag. Into 
this it was forced with a stick, and then the bag was 
squeezed till all the uncombined mercury passed 
through, and only the amalgam of gold was left. Tliis*.i| 
was placed on a piece of strongly-heated iron, resting 
on a brick standing in water. An earthen cupola was 
laid over the whole, forming a water-joint at bottom, 
and the neck of the cupola descended into water. 
Thus tlxe fumes of tlxo mercury, sublimed by the hot 
iron, were condensed and collected in the water, and 
the metal saved. The spongy gold, called pine-gold, 
was left on the iron plate. 

In Piedmont, where vcAs of auriferous pyrites have 
been worked from a very remote antiquity, the extrac 
tion of the gold is effected almost entirely by amalga- 
motion. The produce is very variable in different 


localities, but averages about twenty shillings in value 
from 150 pounds avoirdupois of the auriferous ore. 
The amalgamating mills are erected in great numbers 
on the banks of the various rivulets which traverse the 
mountains. These establishments usually consist of 
small wooden buildings, each of which contains four 
amalgamating machines. They are erected at intervals 
over the whole length of tlie valley of Anzasca, Irom' 
Chanignaga to Pie di Miilera ; and in this valley there 
are more than two hundred mills procuring a remune- 
rative return from a very poor soil, by tlie process of 
amalgamation. 

The ore or mineral, when extracted from the mine, 
is first subjected to a grinding or triturating process in 
a nirachine resembling in its action and operation the 
common millstone, and driven by a water-wheel. 
When thus reduced to powder, it is carried off* by a 
stream of water to the amalgamating mills, represented 
in Fig. 225. Whilst held in suspension in the water, it 
is conducted first to the upper mill by the spout A, from 



this to the second l)y the spout n, ami so on in succes- 
sion through the whole series. Each mill consists of a 
cast-iron basin, D K G F, listened by screws to the 
top of a strong frame or table, and fitted in its centre 
with a tubmture, tiavorsod by the axis hh', moved 
by the tootlied wheel i P, and with which revolves a 
wooden muller, K K, fixed to tlie upright spindle by tlie 
iron collar |{ m'. Tliis movable part of the mill has 
externally the same form as the internal cavity of tlie 
fixed iron easting, (J, in which it revolves horizontally, 
at the distance of about half an inch from its surface ; 
at the same time it is furnished with several iron ribs, 
which come nearly in contact with the interior of the 
casting. The rotating muller is made of hard wood, 
and is hollowed out like a funnel, in which the aurife- 
rous slime accumulates, and gradually penetrates into 
the interval between its external suiface and the bottom 
or interior surface of the iron basin, from which it flows 
to the next mill by the spout B or c. 

lu the bottom of the fixed vessel is put about half a 
hundredweight of mercury, which lies to the depth of 
about half-an-inch, and when tlxe machine iB Bet in 
motion, the pounded mineral is constantly agitated and 
mixed with this fluid metal by means of the iroii ribs 
nailed to the bottom of the muller. The minute 
particles of gold are thus immediately dissolved and 
taken up by the memury, while those which escape 
combination in the first mill are arrested And retained 
by the second, thiid, or fourth of the scries. 
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Afiber working tho mills conUnuously for several 
weeks, the time required being longer or shorter ac- 
eording to richnesB- of the mineral under operation, 
and when the mercury is jtidged by the workmen to 
bo sufficiently charged with the precious metal, the 
mills are stppped, and the amalgamated mass is taken 
out. It is important not to protract the process un- 
necessarily, otherwise a serious loss of mercury is 
sustained, occasioned, perhaps, by its partial convemion 
into a sulphide, which is carried away with the current. 
The mercury, when drawn off, is washed, and then 
strained or filtered through a piece of chamois skin, 
for the purpose of obtaining the solid amalgam, which 
usually contains about one- third of its weight of pure 
. gold. This is separated from the combined quicksilver 
by distillation in an iron retort, the beak of which dips 
into a vessel containing water. The whole of the 
mercury in actual combination witli the gold is thus 
recovered, and the only loss sustained is that which 
lias been carried away by the current in the shape of 
sulphide and otherwise. Dumas states that the loss 
incurred in this manner is equal to about one-fourth of 
the quantity employe<l ; but so large a waste must 
result from careless manipulation. 

In the Salzburg Alps, the gold ore is worked in lodes 
or veins, and the precious metal is separated by tlirec 
processes — washing, roasting, and amalgamation. It 
is chiefly in actual not in what is popularly 

known as digging^ that the latter two operations are 
brought into requisition. Tlie mineral extracted from 
the lodes, in the locality above-mentioned, is divided 
into two classes or qualities — first, that which is so 
poor in the precious metal that the grains or particles 
are not visible ; and, second, that in which the golden 
grains may be detected. Both are crushed or stamped ; 
but in treating the former this operation is preceded by 
roasting, to facilitate its pulverization under tlie action 
of the stamps. This roasting, though not mactised at 
all the mining establishments, is useful, not only for 
the purpose above-mentioned, but also for converting 
the sulphides and arsenides into fine liglit oxides. 

Tlie mineral, whether roasted or not, having been 
passed under tlio stamps and well ground, is washed 
first on movable inclined tables, and then in wooden 
hand-bowls. The gold is thus obtained in a state of 
considerable concentration, and then the work is com- 
pleted by amalgamation. In the Salzburg country 
this last operation is conducted in a peculiar manner, 
and requires a machine constnicted with much care, 
somewhat resembing in its principal parts the common 
flout mill. The^iippcr mill-stone revolves horizontally 
in a hollow cylinder, and over it is placed a hopper, 
which can be depressed or elevated at pleasure. The 
object of this hopper is to spread over the mill-stone 
a uniform layer of mineral. Below are placed three j 
iron cylinders, in which the amalgamating mills revolve, 
with their axes resting on bearings which admit of being 
mised or depressed according to the nature of the 
mineral under treatment Water is admitted by a 
stopcock into the upper mill, where it is intimately 
mixed with mineral into a slime or paste, and from 
this it descends to the amalgamating mills by an in- 
clined plane terminating inthree pipes or gutters, which 


divide it equally between the three cylinders. From 
these the fluid amalgam is conducted by a second in- 
clined plane to a washing apparatus. 

The process begins witlx pounding and washing. The 
mineral, thus pulverized and partially concentrated, is 
then mixed with a certain quantity of chloride of sodium 
and thrown into the hopper, from which it descends over 
the inclined plane into the hollow cylinder containing 
the large mill-stone. When the hopper is emptied ot 
the first charge, more mineral is poured in till the upper 
cylinder is full, and then water is admitted, which carries 
the auriferous slime, so formed, over the second inclined 
plane into the three amalgamating mills below. Be- 
fore introducing the quicksilver into the cylinders con- 
taining these mills, the machine is allowed to work on 
the mineral for the space of two hours *, the mercury is 
then added, in quantities of about fifteen to eighteen 
pounds at a time. The quantity of mercury, water, 
and mineral introduced should be in the proportion of 
fifty, thirty, and one hundred ; or, in other words, for 
every hundred pounds by iv eight of the mineral^ there 
ought to be fifty pounds of quicksilver^ and thirty of 
water. In some establishments, a quantity of mercury 
equal in weight to that of the mineral is introduced, 
and tlie work proceeds with all the greater certainty, 
although the waste or loss* of mercury sustained may 
in this case bo more considerable. 

In this operation the amount of water introduced is 
not a matter of indifference. If it bo too small, the 
mixture will be pasty, the motion of the mill will be 
obstnuited, and the ore will adhere to the sides of the 
cylinders, without undergoing amalgamation. If, on 
the contrary, the mixture bo rendered too fluid, the 
particles of gold and silver, which arc generally found 
together, will be carried away too rapidly, and in this 
case also will escape combination with the mercury. 

On the other hand, it is evident that an adequate 
supply of the fluid metal is a point of the greatest im 
portanco, as it acts on the gold only in , proportion to 
the extent of surface which it exposes to the mineral. 
To enlarge tJiis surface, the vessels in which the amal- 
gamalion is conducted have latterly been formed like 
an inverted cone, terminating in a hollow sphere. It 
is w'ith the same object in view that a rotatory motion 
is given to the mass ; for the centrifugal force thus 
communicated raises the mercury against the sides of 
the cylinder or coue, which widens or expands upward 
so as to increase the extent of surface exposed, and 
then the mercury falls back again into the mass by its 
own weight. 

* Although the numbers given above may convey a 
general idea of the proportions of the three ingre- 
dients 'to be employed, it deserves to be remarked, 
that these must be varied according to the nature of 
the mineral under treatment, and that indeed the 
quantity of mercury should be proportioned rather to 
the bulk or volume of the ore than to its weight The 
lighter the ore, the more space will it occupy in the 
cylinders; and as the mercu^ should rise over the 
mass, more of it will be required in this case to in- 
sure its union with the gold or silver luresent If the 
mercury be in small quantity, the amal^m is not suffi- 
oiently fluid, and is partially converted into a dust dr 
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frothy substance) which flows away with the water 
when the latter is allowed to escape from time to timO) 
so that a considerable loss is sustained both in gold and 
quicksflver. If, on the contrary) the quicksilver be 
present in excesS) the gold combines with it more 
rapidly and more thoroughly; the amalgam remains 
fluid) and readily separates from the other materials 
with which it is mixed. It is therefore by no means 
economical to stint the supply of mercury. 

There are some indicatious by which a judgment 
may be formed as to whether the mill is operating in 
a satisfactory manner. If particles of gold, not amal- 
gamated wi^ the mercury, are observed in the cylin- 
ders, this is a proof that the millstone is too high, and 
does not come into close enough contact with the 
mineral, in which case the mercury, not being agitated, 
remains inactive at the bottom of the vessel on account 
of its superior gravity. If, on the contrary, a quantity 
of quicksilver-dust and frothy amalgam bo observed on 
the cylinders, this is an evident sign that the former 
has ceased to absorb the gold, and that more mast be 
added. 

It usually requires about sixteen or eighteen hours 
to complete the amalgamation. The final washing is 
then proceeded with, and is cfTected by a current of 
water, which carries awaythe earth, and purifies the 
I amalgam from those substances not combined with the 
mercury. This operation is performed in a wooden 
vessel of a conical form, the bottom of which slopes to 
the centre, and is fitted with a stopcock. A circular 
movement is given to this vessel, that the mass may 
be kept in a state of agitation, and Iho lighter parts 
carried away by the current of water admitted, while 
the amalgam falls by its own weight to the bottom of 
the vessel. This operation is repeated several times. 

Wlien the washing is concluded, the next and last 
step in this process is the separation of the mercury. 
With this view the liquid amalgam is put iiito a cha- 
mois-skin or woollen bag, and well squeezed. The 
mercury which passes through the skin or ol(»th, still 
retaining a small quantity of gold, is carried back to 
the cylinders to be employed in amalgamating the next 
charge. There remains in the bag a semi -solid amal- 
gam of gold, which is put aside for distillation. By 
wetting the bag which is to bo used for straining, a 
larger amount of amalgam remains, and the mercury 
which passes through carries with it less gold. When 
the solid amalgam is very pure, it is rather white in 
color; but when alloyed with lead or copper it is less 
so, and does not produce the same crackling noise when 
crushed or broken. The amalgam, as in the other 
cases already mentioned, is deprived of its mercury by 
distillation; or, if a small portion of that metal still 
remains, it is expelled in the subsequent fusions to 
which the gold is subjected with a view to its final 
purification. 

The preceding process, which is practised, as already 
stated, in the Salzburg Alps, presents some peculiari- 
ties. The amalgamating mills are somewhat eimilar to 
those employed in the Tyrol, but those mills are fed in 
a different way, and a larger proportion of mercury is 
» used. The last circumstance is highly a<ivantageoU8, 
and ought to be imitated in all cases whore the nature 


of the gangiie, or mineral under treatment, will admit 
of it ; for, with an ample supply of quicksilver, the ex- 
traction of the gold is not only more rapid, but more 
complete. But, with a strongly pyritoos gangue, like 
that of most of the Piedmontese mines, the employmeat 
of a large excess of mercury would seem to be produce 
tive of a heavy loss of that metal arising from its ocm- 
version into a sulphide. 

For effecting the amalgamation of the concentrated 
auriferous ore or black schlich (y manual labor^ the 
machine represented in Fig. 226 is sometimes empbyed. 
This consists of a species of 
chum, V, made of sheet- 
iron, through the lid of 
which passes a spindle, x, 
of the same metal, carrying 
a kind of paddle-wheel, A, 
which is turned by the 
winch-handle, w. The bot- 
tom of this machine is first 
covered to a small depth 
with mercury, and then the 
concentrated ore is added 
by an opening at the top in 
successive small portions, 
while, at the same time, the 
whole mass is continually 
agitated by stirring ; and this process is continued till 
tlie mercury is judged to be sufficiently saturated with 
the gold. The amalgam is then taken out and treated 
in the usual mariner, by washing, straining, and distil- 
lation. 

It may he stated that the same apparatus is highly 
convenient for the original washing or concentration of 
the ore, or auriferous sand, and, when employed for that 
purpose, is familiarly known as the dolly-tub. In this 
case it is nearly filled with water ; and whilst one man 
keeps the agitator in constant motion, another throws 
into it, in small portions at a time, the auriferous earth. 
When the full charge has been thus introduced, the 
cross-bar, B c, through which the spindle works, is re- 
moved, and the agitator is quickly taken out. The 
materials held in Buspension arc then allowed to settle 
according to their respective gi’avitics, and, conse- 
quently, the gedd, together with all the heavier par- 
ticles, will sink to the bottom. When these have 
subsided, the water is drawn off by the stopcock, s ; 
the upper portions of the deposit are cautiously re- 
moved and thrown away, while the heavier portions at 
the bottom are collected for furtlier conoentration, 
either by the hand-bowl or otherwisp. But although 
the dolly-tub may thus be applied tu the double use of 
a washing and amalgamating machine, it is less conve- 
nient for the former purpose than the cradle^ and other 
kinds of washing apparatus already mentioned. 

Another machine, whicli is easily worked by the 
band, was contrived by Mr. Beldam of New York, in 
the heat of the Californian mania, and is known as 
Bek 1)AN*8 Gold Ore Pulverizer and Amalgamator, In 
this machine, the pulverizing process is effected in a 
large hemispherical iron vessel, rotating on an inclined 
spindle, and having within it a weighty iron sphere, 
connected by a pivot and bearings set in an inclined 
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pcNuiion loose upon the contral spindle of tlie^ basin, 
in ench n manner that its gmvity causes it ccm^ 
stantly to maintain the lovrest possible position in 
the basin, whilst its axis of rotation, owing to the 
pivot cormectioD, is inclined to that of the basin. 
Tim motion thus oommunioated to the sphere is not 
a mere ToUiag, but a species of spiral action, which 
is said to be Tery effective in reducing the ore. The 
basin is made to revolve by suitable gearing, a ring 
of teeth being cast or fitted on the outside of it for 
this purpose, and its revolution communicates motion 
to the sphere. A quantity of mercury is 
placed in the bottom of the basin, and the 
01*6 is reduced to powder entirely beneath 
its surface, being latterly washed away 
by a current of water which runs into and 
out of the basin, and is kept in a constant 
state of agitation by tlie motion of the 
vessel. As heat considerably strengthens 
the affinity of the mercury for the gold, a 
new and important feature was introduced 
into tins machine by the employment of 
a furnace in connection with the apparatus. This 
furnace or fire*plaoe is of a conical shape, and rests 
by its lower smaller end on a collar upon the 
basin-spindle, just above the step. It was stated, 
though probably with much ^exaggeration, that while 
the machines previously employed extracted only from 
thirty to forty per cent, of the gold in a given quantity 
of quarto, the roost searching chemical analysis was 
unable to detect any gold remaining in the tailings or 
waste matter from Mr. Berdan's machines, and that 
these, moreover, were very profitably employed in re- 
working the tailings from other machines. It does 
seem probable that the introduction of a furnace to 
heat the mercury might greatly increase the efficiency of 
this apparatus, and that the same improvement might 
be applied with good effect in other machines.* At the 
same time, it is obvious that if caution is not exercised 
to prevent the heating of the mercury beyond a certain 
point, a very great loss must be sust uin^d by its vola- 
tilization. 

Smith's Portable Gold Amalgamator, wliich is re- 
presented in perspective in Fig. 227, also admits of 
being worked by the hand, and is designed for the use 
of emigrants, and the proprietors of mines Aid estates 
where gold may be supposed to exist. This machine 
is divided into three compartments. In the first, a, are 
arranged a set of powerful crushers, and a series' of 
agitating plates, intended for stiff and hard clays; two 
or three revolutions reduce tlie matter to a floating* 
pulp, which flows off through a pipe, d d, leading from 
this part of the .machine to the amalgamator, c. The 
pipe is provided on its lower side with a series of boxes 
or valves, which can be opened or shut at pleasure, 
and only that portion of gold passes on to the amalga- 
mator which cannot be detained in these valves. The 
second compartment, b, is construotod for the reception 
of the looser earth, and consists of a drum or barrel in 
which revolvito an agitating apparatus. NoUiing is 
allowed to leave this until it is perfectly worked, when 
the qpening in the ude of the barrel is turned down- 
ward, and all stones and other foi^ign matters are dis- 


charged into the chamber beneatby iu readiness for 
receiving a fresh supply of tlm auriferoua The 

chamber into which the contents of the barrel, are thus 
discharged is relieved from time to time by i^ing a 
sluice ; and the floating matter then passes over a long 


trough,* H, provided witli check-bars, to empty itself 
into the amalgamator — all solid paiticles being, in this 
case also, arrested in their passage from the washer, 
while, by a simple aiTangemeut which it is unnecessary 
to detail, the action of the machine keeps up a constant 
supply of water. The third portion, c, of the machine, 
or tliat compartment which is properly the amalgamator, 
is so constructed as to expose a large surface of mercury 
to the action of the floating matter, and by means of 
washers and balls made of wood, to render it impossible 
for any portion to escape coming into contact with the 
mercury. This part of the apparatus admits of being 
locked up, BO that none of the gold can be abstracted 
without the knowledge of the party possessing the key. 
The mad line requires only two men to work it; but it 
may also be driven by steam or Water, and gives, when 
properly constructed and managed, very satisfactory 
results. 

Distillation of the Mlkcury. — When the i 
amalgam has been formed by any of the methods or | 
machines above-described — in all of which the object j 
kept in view is to place the particles of gold in tlie 1 
most favorable condition for coming into contact with | 
the mercury, and combining with it— and when the 
fluid metallic mass has been waslied, and the excess of 
imcombined mercury strained off, the last operation 
required in this method of treatment is the separation 
of the mercury which remains combined with the gold ‘ 
in the form of a semi-solid amalgam. This is per- 
formed by distillation at a high temperature, in a cast- 
iron vessel prepared expreasly for tliat purpose. Dif- 
ferent forms may be given to the apparatus, according 
to the scale on which the operation is conducted ; but ! 
a very convenient one is that represented in Fig, 228, j 
where At is cast-iron sphere or shell made in two 
parts, and capable of being joined together in the 
middle by a flange and screws. From the top of the 
upper hemisphere proceeds a bent iron pipe, D, which 
dips into water contained in the vessel, c — the whole 
forming a convenient iron retort. When used, the 
hemispheres are taken asunder ; the amalgam is intro- 


Fig. 227. 
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duced, and the two halves are agaiu screwed together 
and well luted wi^i some refractoiy substance. The 
retort is then placed on any convenient support over 
the fire, B, which may be of wood or coal ; Uie heat is 


Fig. 228. 



gradually raised, and the sublimed mercury, wliich is 
conveyed away by the tube, D, is condensed and 
collected in c. Care must be taken to prevent the end 
of the pipe from diping too deeply into the water; for 
if the temperature of the fire happens to fall, a vacuum 
is produced in tlie retort, which, if the pipe be too 
deep, will cause the water to rush up into the globe, 
and produce an explosion. The end of the pipe i.s 
I therefore, introduced just below tlm surface of the 
I water, so that if a small portion of the water be drawn 
j up into the pipe, that which remains in the condenser, 
c, immediately sinks beneath die level of the orifice, 
and all danger is averted. 

When the distillation is concluded, which is known by 
I the cessation of any further accumulation of quicksilver 
I in the condenser, this distilled mercury is collected to 
I be used for future amalgamations. The gold which 
remains in the retort, A, is now comparatively pure ; 
but still contains a mixture of silver, copper, or other 
metals, in greater or less proportion, according to the 
sources or localities from which it has been procured. 

1 The sepamtion of these, with a view to the obtaining 
j of the gold in a state of absolute purity, will form the 
I subject of the next department of this treatise. i 

j In the meantime, it may be repeated that the amal- 
I gamating process Is chiefly applied in the working of 
auriferous veins, or gold-mining properly so called, 
in contradistinction to the much more common method 
of extracting the gold from drift-beds or stream-mines, 
by the mere operation of washing. In the former case, 
the gold, genci’ally in very minute particles, is mingled 
with various other minerals and rocks, as pyrites, 
zinc-blende, quartz, et cetera^ and can only be e.xtracted 
after the whole has been reduced by stamping, to a 
very small size — in which state, tlie gold, often so 
minute as to be invisible, would be almost entirely 
carried away by a stream of wat(R*. It is here there- 
fore that amalgamation offers peculiar advantages, as 
the mercury seizes on the gold, however finely reduced, 
aud none of the precious metal is lost— provided tlie 
precaution be taken not to pulverize or stamp the ore 
too fine, when about to be submitted to those prelimi- 
nary washings which precede the amalgamation. On 
the contrary, when about to be brought into actual 


contact with the mercury, the ore or Bohlich cannot b0 
reduced too small; and hence the importance of actu<- 
ally pounding it, if possible, under the eurfaoe of the 
mercury. 

From these considerations it will be readily seen that 
the process of amalgamation is not only applied with 
advantage in the working of auriferous veins or lodes, 
but that it may also be employed to procure a profitable 
return from the re-working of the tailings or refuse of 
the Australian or Californian gold-diggers* The Editor 
has little doubt that the greater part of the abandoned 
diggings, which have yielded a large return by mere 
washing, will, in course of time, be worked over again 
by amalgamation ; and, indeed, this gleaming proceesy 
as it may be termed, has already been applied in many 
cases with highly satisfactory results. To give an idea 
of what may be done with poor ores, when system and 
skill are brouglit to bear, it may be sufficient to state 
tbe average produce obtained from the stamped ores at 
Schemnitz, in Hungary, in 1842— recollecting that 
these had to be broken from. the solid lodes at depths 
extending to two hundred fathoms. Tlie total quantity 
stamped in that year was above forty thousand tons, 
and the average of the useful metals extracted from fifty 
tons was : gold, three ounces; auriferous silver, derived 
from the separating processes, by buddies or tyes, et 
cetera^ three pounds three-quarters ; lead, similarly ob- 
tained, eight hundredweight one-third ; the ratio of the 
gold to the other materials being in this case as one part 
to half a million. In the case of a particular mine, called 
Siglisberg, not producing lead with the stamped ores, 
the ratio of gold was only as one part to seven hundred 
and sixty thousand ; of auriferous silver, one to twenty- 
four thousiind. Now, it is interesting and instructive 
to compare with this economical extraction of minute 
quantities from poor ores by the process of amalgama- 
tion the produce of tlie manipulation by washing at the 
Siberian "workings, where a common average of the 
sands worked to piofit is half an ounce in one hundred 
hundredweight, or fully double the amount lost men- 
tioned, and .yet even the poorer ores of Hungary yield 
a remunerative return by amalgamation. It follows, 
that by the stinie process many auriferous sands in 
Siberia, as well as in other countries, which are at 
pi’esent neglected, as being too poor for washing, might 
be advanttf^eously worked. 

Separation of Gold from Arsenical Pyrites . — 
Another illustration of the importance of scientific 
knowledge in the working of gold mines, is furnished 

the recent application of IYattner’s method for 
the separation of gold from arsenical pyrites, in conse- 
quence of which the mines of Reichenstein, in Silesia, 
which, as already stated, had been abandoned for more 
than five centuries, were reopened with advantage e^ht 
or ten years ago . This successful apyilication of a purely 
scientific suggestion is due to the skill and enterprize of 
W. Guettler, of Beichonstein, to whom, in conjunc- 
tion with Professor Plattner, the inventor, a council 
medal was awarded at the Great Exhibition of 1061, for 
a series of specimens illustrating the different stages of 
the prooesB. The principal agents employed are chlorine 
and sulphide of hydrogen. The following account of this 
novel and ingenious process is given in the published re- 
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porta of tho Jurora ^-*Tbeoro at Heicbenateia is an arse- 
nical pyritea, containing about two hundred grains of gold 
in the ton. The ore is roasted in a reverberatoiy fumaoe, 
surmounted by a large condensing chamber, in which 
the arsenious acid is condensed as fast as it is volatilized. 

' There then remains, on the door of the furnace, oxide 
of ironmmd with a certain quantity of arsenic, together 
with the whole of the gold. This is placed in a vessel 
so arranged that a current of chlorine can bo passed 
through it| by which 4he gold and iron are taken up, 
and afterward separated from the residuum by the aid 
of a oertam quantity of water, and the gold is afterwards 
precipitated from this solution by sulphide of hydrogen. 
To prevent the admixture of iron at this stage, a few 
drosses of hydrochloric acid is added to the solution be- 
fore the sulphide of hydrogen is introduced. The aurifer- 
ous compound having been sepai'ated from the liquor) is 
washed and heated in an oped porcelain crucible, to 
drive olf the sulplmr, after which the gold is reduced to 
the metallic state by fluxing it in the usual way. 

This simple and ingenious method, which has made 
it worth while to reopen the Ecichoustein mine, is 
equally applicable to the vast quantity of refuse accu - 
mulated near many other old works* 

METALLURGICAL OPERATIONS.— 

When the gold is received from the gold-waaJwr, in the 
shape of gold-dust, or when it has been separated from 
its ores by amalgamation or otherwise, it has now to be 
subjected to a series of metallurgical operations to ob- 
tain it in a state of perfect purity. The first of tliese 
operations is that of fusion with borax, and casting the 
metal into ingots, by which it is obtained^ in a con- 
venient form, and freed at the same time from earthy 
and other impurities. For this puri)ose, the gold dust 
from the wasliings, or the spongy gold obtained by 
amalgamation, is mixed with a little dried borax, and is 
introduced into a black-lead crucible, which has been 
previously heated in a common melting furnace. After 
11)6 fusion of the metal, a slog, consisting of the grosser 
impurities, accumulates on the surface ; tliis must be 
thickened by the addition of a little boiie-ash, and then 
skimmed off. Themetal is now cast into bars, by being 
poured into iron ingot-moulds, which should be pre- 
viously warmed, and oiled, by wiping the internal 
surface with a piece of tow dipped in sweet oU. It is 
an old practice, now discarded by some metallurgists os 
useless, to add to the metal, when thoroughly melted in 
the crucible^ a small quantity of corrosive sublimate ; 
the conteiitii are then well stirred, and, in consequence 
of the volatilization of the sublimate, elTervesceuce^ 
takes place. That this is attended with no injurious | 
eflbct seems to have been fully established hy a long 
experience, and that it may even be productive of 
benefit is probable, by bringing to the siirface any ex- 
traneous matter wlilch might be detached from the 
interior of the crucible, and so permitting its removal 
alqng with the slsg. The crucibles which have been 
us^ in a aeries of such operations, retain a portion of 
gold, which xendem it important to preserve them, with 
a view to the subsequent extraction of the precious 
metal by smelting. 

SMKLTiMa OF Qold Although the ^readiest 

method of extraoting the gold from rich alluvial sands 
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is by repeated washings, m the manner already dee^ 
cribed, and although in rite Matmont of starts rock, 
iron pyrites, and other auriferous minemls, the method 
involving the tedious operations of pounding, washing, 
and amalgamation is usually adopted, yet, in the latter 
case, the same object may be accomplish by direct 
emelting — a term teclmically applied to a process, or 
series of processes, by which a metal is extracted, by the 
agency of fire, from the substaaceB with which it may 
be combined or mixed in nature. It is well known 
Uiat by this metliod iron is extracted from its ore in the 
blast furnace, and some years ago a Russian gentleman, 
named Amossuw, even proposed to smelt in this 
manner the auriferous sand of the Ural, alleging that a 
much larger quantity of gold could be so obtained than 
by the most skilfully conducted process of washing. 
His method consisted in smeltiug the sand with iron, 
the latter being employed simply as a vehicle to collect 
tlie gold, or to perform, in its molted state, the same 
part as mercury in the processes already described. 
When the gold was obtained in this state of com- 
bination, the mass was exposed to the action of sul- 
phuric acid, by which the iron was dissolved and the 
gold remained in the insoluble residue. From some 
experiments which were made at the Museum of 
Practical Geology in London, it was found tliat, if it 
were advantageous on the score of economy, cast-iron 
might really be so applied ; and that when it is melted 
with gold, an alloy seems to take place, from which the 
greater part, if not the whole of the gold may be ex- 
tracted by again melting the alloy in contact with lead, 
which abstracts the gold. With regard to Amobsuw's 
process, experiments were reported to have been made 
on the large scale, which bad perfectly succeeded; 
but a strong proof of its want of success is the fact that 
I it has never l)een practically adopted. 

! Of late years much has been said and written ro- 
spectiug the smelting of what has been called gold 
quartZy or, in other words, the extraction of the metal 
from the quartz in tho furnace. The Editor, therefore, 
in proceeding to explain the common method of smelt- 
ing, will assume, in the first place, that quartz or silica 
is the auriferous ore which it is proposed to subject to 
tins operation. From the well-known infusibility of 
this substance, it is evident, that mere exposure to the 
strongest heat of a blast-furnace, without tho addition 
of a flux, would be of no use ; for, although the gold 
would bo melted, it would remain in the quartz, and 
no separation of the precioiis metal would take place. 
Even supposing the quartz to be first reduced to powder, 
the gold is present in too small quantity to separate 
from tho infusible mass, and sink to the bottom. It is 
therefore necessary to add some substance which, at a 
high temperature, shall combine with the quartz, and 
produce a fusible compound, in which ease the gold, 
more especially if combined with some other heavy 
metal, will, in virtue of its high specific gravity, fall to 
tho bottom of tho vessel. 

The best flux for silica is carbonate of soda, but tins 
is too expensive to be employed on the large scale. 
Lime, therefore, aided by t^ addition of oxidarof 
is usually employeSfl for this purpose. lime alone, or 
lime and clay in certain proportions, wiU oombme with 
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qimtx at a liigh temperature, and produce a fusible 
slag. Oxide of iron alone will also suffice. When 
practicable, it is desirable to obtain the oxide of iron 
by roasting auriferous p3TiteB, such as that found in 
California or the Tyrol, for then the proportion of gold 
is increased by that contained in the p3rrite8. What- 
ever flux be employed, it is necessary, in the first place, 
to reduce the quartz to a comparatively fine state of 
division, otherwise a considerable loss of time and 
waste of fuel would be incurred in effecting the per- 
fect combination required to ensure the complete 
separatiou of the gold. Even in smelting, therefore, 
the crushing or pulverizing process is not dispensed 
with. 'Assuming that lime and oxide of iron are the 
fluxes employed, and supposing the pulverized ore to 
have been partly concentrated by washing, these sub- 
stances are mixed in about equal proportions, and raised 
to a white heat in a blast or reverberatory furnace. 
When oxide of iron is employed as the flux, the rever- 
beratory furnace is to be preferred, because in the blast- 
furnace a considerable portion of the oxide would be 
reduced, and a corresponding quantity of metallic iron 
liberated, long beTore the mixture attained the degi-ee 
of heat requisite for the combination of the silica with 
the oxide. 

The product of the combination is a fusible slag or 
glassy substance, through which the gold, also in a 
melted state tends to sink to the bottom of the furnace. 
But rs Jie portion of this metal present even in a large 
quantity of oro is very small, compared with the bulk 
of the materials through which it is now diflused, it 
would be difficult to collect it per sCy without very serious 
loss, in a crucible, and still more so in a furnace, whether 
reverberatory or blast. Tho operation is therefore ma- 
terially assisted by adding another metal which shall 
combine with, and absorb, the whole of the gold, and 
from which the latter can afterwards be easily separated 
— some metal, in short, which shall serve the same 
purpose at a high heat, as mercury ser^'es at the ordinary 
temperature. Of all metals, lead is found to be the best- 
adapted for this purpose, not only on account of its 
readily combining with the gold in a melted state, but 
also as offering peculiar facilities for its subsequent 
separation from that metal. Lead has, therefore, ])een 
uniformly employed in the processes hitherto generally 
adopted for smelting gold ores. The lead may be 
added to the mixture of ore and flux, cither in the 
metallic state, or in one or other of its combinations, 
from which the metal may be set free. The materials 
most commonly employed to furnish the lead are 
litharge and galena — the former the protoxide, and 
the latter the native sulphide of that metal — although 
the rich slags obtained both from the smelting fur- 
nace and ore -hearth ate also occasionally used. 
When litharge is chosen as the medium for the 
introduction of lead, it must be mixed witii charcoal, 
small coal, or coke-dust, in order to determine the re- 
duction of the necessary quantity of lead to the metal- 
lic state ; but when galena is used, it is mixed with 
scrap-iron, for the purpose of combining with the sul- 
phur, and setting the lead free. The lead-slag which 
comes from the ore-hearth or the reverberatory furtiace, 
is generally the most convenient and least expensive 


materia], as it contains a considerable per-centage of 
lead, and is readily prepared for use by grinding it to 
powder under the edge-roll, and mixing it with oliar- 
coal or other carbonaceous matters. In tliis case, also, 
it is important to add some scrap-iron to combine with ^ 
any sulphur which may be present i% the slag. 
Whichever of these substances be employed, the lead 
evolved, under the conditions mentioned, percolates 
through the mass, and subsiding by virtue of its high 
specific gravity to the bottom of the furnace, carries 
along with it any particles of the precious motal it may 
meet with in its course. The lead is afterwards sepa- 
rated by cupellation — a process to be explained shortly. 

Smelting with Iron PyWiea.— Instead of directly 
employing lead as the means of concentrating the gold 
ores, a method has been practised in Hungary, in which 
iron pyrites, generally itself containing a portion of 
gold, is used with economical effect for the same pur- 
pose. When this mineral is heated to a certain tempera- 
ture without access of air, it loses exactly half of its 
sulphur, and becomes converted into a fusible sulphide 
of iron, such as is produced by bringing a roll of sul- 
phur in contact with a bar of iron raised to a white 
heat. Let it be assumed, therefore, that the ore con- 
sists of a mixture of auriferous iron pyrites and quartz, 
and that this ore is mixed with the appropriate flux 
for the quartz, as already described, and exposed to the 
requisite heat, — in tliis case a slag will be formed, 
and the sulphide of iron will unite with the greater 
portion of the gold present, forming a heavy regulue, 
which will subside to the bottom. The stratum of 
sulphide of. iron tlius found beneath Uie suiface of the 
slag and scorius produced by the fusion of the earthy 
and siliceous gangue, is technically termed a ^natt. If 
this matt, containing the gold, be now roasted, or ari- 
dized hy heating it with free access o f airy whereby it 
is deprived of a further portion of its sulphur, and the 
product be mixed with a fresh quantity of crude auri- 
ferous pyrites, and smelted again, a second matt will be 
obtained, which will contain the gold from the first and 
second charges of the auriferous ore. This process may 
be repeated a third, fourth, or any number of times, 
until the precious metal has been sufficiently concen- 
trated in the substratum of sulphide of iron to admit of 
its profitable extraction. The last matt, containing the 
whole of the gold which has accumulated from tho 
successive charges, and brought, tlierefore, to any re- 
quired richness, is then fused with metallic lead, lith- 
arge, or with a mixture of galena and metallic iron. 
ifTho gold is abandoned to the liberated lead, from the 
top of wliich tho impoverished sulphide may be readily 
skimmed off. 

* By this process, the gold is obtained in a more 
concentrated form, or mixed with a smaller proportion 
of lead, than when the latter is used dire^y as the 
means of separating and collecting it from the smelted 
ore. Still as the lead must be used for its final separa- 
tion from the efre in all oases— even when the gold has 
been concentrated by washing and amalgamation — ^the 
employment of the iron pyrites in the manner above- 
described is only attended with advantage when it con- 
stitutes part of the ore itself, or when it can be readily 
and cheaply procured in sufficient abundance. When 
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it forms a pmoipal ingrodlent in the ore, it is manifestly 
highly advantageous, in point of economy, to employ it 
as a vehicle for the concentration of the precious metal, 
while it eontribntes at the same time to increase the 
amount of the prodnct. 

Fatent Smelting Frame , — Some years ago a patent 
was secured for another emelting process, invented by 
Mr. LoNOMAtD, which consists in separating the gold 
from the quartz or siliceous ore, by introducing plates 
of wroughtdron into the melted mass. The quartz is 
first crushed to a fine powder, and fluxed with a mixture 
of lime and oxide of iron, as usual. Into the fused 
mass thus obtained, plates wrought-iron are from 
time to time introduced,, and withdrawn when their 
surface is Jbund to be coated with a film of gold. The 
plates are then plunged into a vessel of melted lead, 
which dissolves off the precious metal, and afterwards 
again put into the furnace. This process is constantly 
repeated till tlio whole of the gold is extracted from the 
ore, and it is said to be thus obtained both more eco- 
nomically, and in greater proportion, than by the usual 
process of washing and amalgamation ; but the Editor 
is not aware that this method has yet been extensively 
practised. 

CuPELLATiON. — Tho next metallurgical operation is 
the extraction of the gold from the lead, and this has 
been performed from tho most remote antiquity by a pro- 
cess termed Cupellatton. This process, which is very 
simple in principle, is, at the same time, one of the 
most elegant chemical operations ever invented. It 
depends on tho circtimstance that when silver and gold 
are exposed in a state of fusion to the action of the 
air or oxygen, they neither give off perceptible vapors 
nor are sensibly oxidized— they remain, in short, un- 
allected ; whereas, under similar circumstances, lead 
and almost all the other metals arc oxidized with 
gi;eater or less rapidity. There is also an important 
peculiarity connected with lead, which renders it the 
only metal, excepting bismuth, applicable to the pro- 
cess of oupellation. This peculiarity consists in the 
circumstance, that the white oxide of lead, known as 
litharge, is fusible at a bright red heat, and in this state 
liquefies and absorbs into its mass any other metallic 
oxide with which it may happen to be in contact, but 
which, without the influence of the oxide of lead, would 
remain unliqiiefied by the beat. For example, if the 
oxide of copper be present, this oxide, which is a fixed 
infusible substance at the temperature of a common 
furnace, is taken up by the melted oxide of lead ; and if 
the latter can bo separated from the gold and silver, 
the oxide of copper will be expelled along with it. 

This separation may be effected by different methods, 
but particularly by means of bone- ash, which possesses i 
the peculiar property of absorbing tho melted litharge, 
even when mixed with a certain proportion of other 
oxides, whereas it Tomains impermeable to the unoxi- 
dizablo metals. Hence, if a vessel be formed 6f 
pounded and oompressed bone-ash, and into this vessel 
a oomponnd be introduced consisting of a mixture of 
litharge or oxide of lead, oxide of copper, and native 
gold, which always contains a certain t)rop(rftion of 
silver; and if this mixture be exposed to the powerful 
heat of a fhmaoe, the whole will be reduced to a state 


of fusion ; the oxide of lead, in i»ebii)g» will combine 
with and dissolve the"^ oxide of o(^peiv and both will 
be absorbed by the bone-ash, while mixture of gold 
and silver will remain in the vessel, melted the heat, 
but otherwise unaffected. Hence it follows that gpld 
and silver, or a mixture of the two, may readily be de** 
prived of copper or any other oxidizable metals by 
cupelling them with oxide of lead. For this purpose 
it is not necessary to employ the oxide itself in the first 
instance. When metallic load is heated to a tempera- 
ture above its melting point, it rapidly combines with 
the oxygen of the air, the product being in the first 
place yellow oxide of lead, which appears as a scum on 
the surface; and when the temperature is raised to 
about bright redness, this oxide is converted into 
litharge or the white fusible oxide, which immediately 
melts. Pure copper requires not less than sixteen or 
seventeen times its weight in lead to be absorbed in the 
manner above-mentioned, 

A vessel of bone-ash, formed for this purpose, is 
termed a cupel or test / and in using such vessels for 
assaying^ the absorptive power of the cupel is the only 
agehey employed to separate the gold from the lead and 
other oxidizable metals, as will be explained after- 
wards. It is otherwise in cupellation on the large 
scale ; in this case the cupel is soon saturated, and the^ 
greater part of tho litharge is expelled by a different 
method. 

The English method of cupellation or refining is as 
follows : — A piece of bar-iron, about half an inch tliick 
and four inches deep, is bent into the form of an oval 
hoop, and the ends of the bar are welded 'together. The 
greater diameter of this hoop, which is destined to form' 
the containing circumference of the cupel or test, may 
be about four feet, and its lesser two feet six inches ; 
but the dimensions vary considerably according to cir- 
cumstances. On the lower part of the hoop are fixed 
a series of four or five flat bars of iron, arranged parallel 
to each other in the direction of the short diameter. 
The first of these is placed about nine inches from one 
end of the oval, and the others at about equal distances 
between this bar and tho other extremity, llie hoop 
is then placed with the cross-bars downwards upon a 
solid floor, and a quantify of pounded and sifted bone- 
ash is beaten firmly into it with a mallet or rammer 
until it is entirely filled, or the bone-ash is level with 
the upper edge of the hoop. The bone-ash employed 
for this purpose is mixed with about one-tenth, by mea- 
sure, of fern-ashes, or one-fortieth by weight, of Ame- 
rican pearl-ashes, and moistened sufficiently to become 
coherent by pressure. The fern or pearl ash has tho 
property of giving greater consistency to the bono-ash 
when heated. When the hoop or frame has been well 
filled with this mixture and solidly beaten down, the 
surface is carefully scooped out with a trowel all round 
the centre, so aa to form a shallow concavity of about 
two inches and three-quarters in depth, leaving a wall 
of bono-ash all round, about two inches in thickness at 
top and three inches at bottom, except at one end, 
where a thickness of five inches is ikt; whilst the 
thickness of the sole itself is reduced to one ui<di above 
the upper surface of the iron Oross^pieoes. At that end 
of the tost where tho wall was left five inches thick. 
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’which is termed the breast^ a segmest of the booe- 
adi, cqntiguoiis to the hoop, is removed. 

This apparatus is represented in Figs. 229 and 230, 
of which the former is a plan, and the second a longi- 
tudinal vertical section of the cupel or test. In these 
dmwingR, the letters A A denote ^e iron hoop ; aa, the 



transverse bars; E indicates the cavity in the bone- 
ash ; B, the breast ; and F, the space where the bone- 
ash is removed between the breast and the iron. 

When fully prepared, the test is allowed to dry, and 
is then placed in a furnace, constructed in all respects 
like a common reverberatory, except that a space is 
loft open in the bed of the furnace to receive the test, 
and that the long axis of the arch is very short. Tiie 
test, in fact, forms the bed of the furnace, in which it 
is adjusted with the long diameter transversely. It is 
supported in its place by an iron ring built into the 
masonry, or by iron bars placed underneath, between 
the two walls of the furnace. The fire-place of a 
cupelh'ng fui-nace is usually about two feet in breadth, 
and two feet six inches in length. This is sepa- 
rated from the body or bed of tJie furnace by a fire- , 
bridge eighteen inches in breadth, so as to allow the 
flame and heated air to pass directly over the sur- 
face of the cupel, from whence it escapes through sepa- 
rate flues into a high cliimney. At the side of the fur- 
nace opposite to the breast of the cupel, the nozzle of 
a pair of large double bellows, or a fan-blast, is intro- 
duced. 

When the cupel is inserted and the fumaoe lighted, 
the heat must be applied in the first place with much 
caution ; for the cupel or test, if exposed suddenly to a 
high temperature before it has become sufficiently dry, 
is liable to split and fall to pieces. In the meantime, the 
lead containing the gold and silver, and which, from this 
circumstance, is termed rich lead^ is brought to a state 
of fusion ro a cast-iron pot, set in brickwork at the side 
of the furnace; and when the test has been cautiously 
raised to a chetry-red heat, the rich lead is laded into 
it till nearly full. Oxidation ncfw. prooeeds i<apidly« 
At first the lead becc^s covered on the smfsioe with 
a yellow or grayish dross ; but on further raising tlie 


heat, the surface of the bath uncovers, and a film of 
melted litharge begins to appear. Part of this lithor^ 
sinks into the bone-ash of Uie test, which it soon satur- 
ates. The blowing apparatus at back of the test is 
now set in motion, and forces the Hthmige as it imsm 
forward to the breast, B, across the surface of which a 
channel is cut, through whioh the litharge begins to 
flow, and runs over at the end through the vacant 
space, F, into a movable iron pot, placed on the 
fioor for its reception. By this means the oxide of 
lead is prevented from coming in contact with the 
iron frame of the test, on whioh it would exert a 
powerfully-corroding action. The current of air 
introduced at the back of the cupel not only asaists 
H in clearing away the litharge, but readily supplies 
tlie amount of oxygen necessary for its rapid forma- 
tion. In proportion as the litharge flows away, 
more of the melted lead is gradually supplied to the 
test, which is done by lading it into a channel from 
the pot outside the furnace. ' 

After a certain«|)eriod, the channel first formed in 
the breast, b, becomes much corroded ; it must then 
be stopped and a second and third channel succes- 
sively formed for the same purpose. In this manner 
the operation may bo continued until six or eight tons 
of the rich lead have been refined on the same test. 
Sometimes, however, two tests are employed, the first 
to concentrate the load, and tlm second to separate it 
entirely from the precious metals. In tJiis case, when 
the lead has been so far concentrated in the former 
that the whole of the gold and silver contained in the 
alloy may remain in combination wjth only two or 
three hundredweight of that metal, a hole is made 
through the bone-ash of which the bottom is composed, 
and the concentrated lead is received into a pot which 
is placed below. The tap})iug-hole is then closed with 
a pellet of moistened bone-ash, and a fresh charge of 
the original rich lead is concentrated in the same man- 
ner. When a sufficient amount of concentrated lead is 
thus accumulated to yield, as ascertained by assaying a 
small portion, from one to two thousand ounces of the 
precious metals, the whole is again melted down, and 
submitted to a second cupellatiou in another test, in 
which the operation of refining is completed. 

Towards the conclusion of the operation some strik- 
ing appearances are presented. As soon as the last 
portions of lead are removed, the liquid alloy of gold 
and silver in the cupel suddenly assumes a bright and 
resplendent surface ; and, if the gold present is mixed 
with a considerable amount of silver, die surface of the 
mass, as it cools, is suddenly thrown into agitation ; 
cones, or little craters, sometimes several inches in 
height, are thrown up, from which oxygen gas escapes 
with violence, projecting particles of stiver with consi- 
derable force. This phenomenon is termed or 

sometimes vegeiaUm, from Uie beautiful arborescent 
forms which are presented ; and arises from the oirctun- 
stanoe that metaUio silver, when melted, has the pro- 
perty of temporarily combining with or absotinng much 
more than its own volume of oxygen, which escapes or 
is ejected with violenoe at the moment of soUdifioation. 
For reasons espectally coiinected with the final process 
of pa/rUng^ and which will be afterwards explained, there 
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ia alifloftt always mtroduqed into the alloy, before cu- 

aoid, it is sufficient if the weight of the silver amount 



pellation, a ooiBpiiratlyely large amount of eilyer, so 

to about three times that of Uie gold. 



that the phenommi above described are almost uni- 

When the silver is not already present in thq required 



formly ob^rved at the c(molueioii of that process. Even 

proportion, which is never the case, with na^Ve gold, 



in the* cupel, the presence of a coDsiderable proportion 

the requisite excess must be introduced; for, when the 



of silver is important, for the purpose of diluting the 

amount of gold exceeds the proportions aboveHStaied, 



gold, and so diminishing the chance of loss. 

the particles of silver are so enveloped in that metal as 



After the cupelling, the test, with its cake of alloy 

to resist for a long time the action of the strongest 



of gold and silver, is withdrawn from the furnace ; the 

nitric or sulphuric acid. In the process of assaying, 



* metallic mass is removed and cleaned from external 

the proportion of rather less than three parts of ^ver 



impurities; and the bone-ash, saturated with litharge, 

to one of gold is very closely adhered to, for reasons 



and any other oxide that may be present, is knocked out 

to be aftGrwar<k mentioned ; but in operating on the 



and preserved for subsequent treatment, as it contains 

large scale with sulphuric acid, the proportion of 



not only a considerable quantity of lead in a state of 

the gold to the silver may vary from onc-fifth to 



oxide, but also a small proportion of silver. 

one-tenth, without inconveuience ; and Demas states 



OntheContinent, the process of refining is conducted 

that the operation may be conducted with profit when 



without the use of a cupel, properly so called. No 

the ratio of the gold to the silver does not exceed 



bone^aah is employed. The test, if it may be termed so, 

1 : 1000. 



is the bed of the furnace itself, which consists of a kind 

The alloy being prepared in the requisite proper- 



of marl, firmly beaten down into a circular cavity, slop- 

tions, which is generally done by introducing the excess 



ing from the sides to the centro^md allowed to dry. 

of silver before cupellation, is melted m a crucible, and 



The roof of the furnace, which consists of a flat dome 

granulated by pouring it into cold water. For one 



of brioks, built in a strong circular hoop of bar-iron, is 

part of the granulated alloy, three and a-half parts of 



movable by means of a crane. Several tons of lead 

concentrated sulphuric acid are taken, and the mixture 



are introduced at once, and after the roof has been 

is put into a platinum vessel, which is then introduced 



replaced, tlie blast is transmitted through one or more 

into the furnace. TJie vessel should not be more than 



apertures in one side of tlie furnace ; the whole mass 

two-thirds filled, to guard against tlie effects of effer- 



of metal is tlien worked off continuously, without any 

vescence, which might throw out part of the liquid. 



addition, till the lead is entirely removed, and tlie alloy 

It is tlien covered with a platinum hood, provided with 



of gold and silver is left flne. 

a beak or tube for conveying the gases and vapors into 



Parting. — The final operation of separating the 

a condensing apparatus. The capacity of the platinum 



silver from the gold, is termed parting^ and is gene- 

retorts vaiies, and Hiere is usually an assortment of 



rally performed in this country by means of nitric acid, 

different sizes, for treating alloys of different qualities, 



which dissolves the silver, without attacking the gold. 

without the necessity of mixing them. After two or 



On the Continent, the same effect is produced with ?uU 

three hours* boiling, varying the ^me according to the 



sulphuric add. In assaying operations, nitric acid is 

size of the retorts, the silver, and any oopper tliat may 



always employed, and therefore the precautions neces- 

be present, are completely dissolved. 



sary to bo observed in this case will be fuDy explained 

On the first application of sulphuric acid to this pur- 

« 


in counectiou with the subject of assaying. In the 

;>ose, the operation was performed in iron retorts. 



meantime, the process with sulphuric acid, as practised 

Vessels of platinum were afterwards introduced, as this 



on the Continent, will bo first detailed. 

was considered to he the only metal which could per- 



1. By Sulphuric Add , — It is only of late years that 

fectly resist the action of hot and concentrated sul- 



the use of sulphuric acid for this purpose has been 

phuric acid. Afterwards, however, the enormous ex- 



generally introduced on the Continent, in consequence 

pense required for a complete assortment of platinum 



of its being now manufactured so much cheaper than 

retorts, induced the attempt to return to the use of iron, 



nitric acid, which was formerly Uie only acid employed. 

and successful experiments were made by M. Toccra, 



The operation is performed in a very simple manner, 

which proved that iron retorts might be safely em- 



and if any copper has been left in the alloy, it is separ- 

ployed, though platinum is still in use in many estab- 



ated along with the silver. It is true that the copper 

lishments. It was found that the very concentration 



should be entirely expelled by the process of cupella- 

of the acid presented, of itself, an obstacle to the pre- 



tion; but, as this process is practised on the Continent, 

cipitation of the silver or copper by the iron ; and, 



a considerable amount of that metal often remains in the 

further, that the interior surface of the retort acquired a 



mixture; and its presence is by no moans injurious, 

coating of silver, so Hiat the iron and the liquid soon 



but is rather useful, in the subsequent operation of 

ceased to be in contact. This point has not been suffi- 



parting with sulphunc acid. It is true that if too much 

ciently studied ; but the fact has been placed beyond 



copper be present, a sulphate is produced, of which 

doubt dial the operation succeeds very well in iron 



only a limited proportion wiU dissdve in the oonoen- 

vessels, and accordingly, in many refining establish- 



trated acid. The proportfon of gold also must be less, 

ments, no other are employed. 



as compared with the amount of the silver, than when 

It cannot fail to be observed that, assuming the pro- 



nitric acid is used. Experienoe has shown that the 

portions above given, the quantity of sulphuric acid k 



alloy ahetdd not contain more than one-tweniieth part 

much greater tl^ would be strictly neoesaary to con- 



of copper ; and that the proportion of the gold to the 

vert the stiver and copper into sulfates. Supposing 



silver should not exceed ojie-flfth; whereas, with oitrio | the alloy to be as poor ae possible m gold, theory would | 
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iodiesKte the following quantities of acid as being suffi- 
oient for this purpose : — 


Copper 

Part*. 

60 would require 

Faiai. 

15,5 Bulphurio arid. 

Silver 

949 „ 

n 

861 „ „ 

Gold 

1 M 


0 „ 

Alloy 

1000 „ 

If 

1016 „ 


But as the amount of sulphuric acid employed is actually 
3500 to 1000 of alloy, there is an excess of about 2500 
of acid, intended to hold the sulphates, and especially 
the sulphate of copper, in solution. 

When the silver and copper are completely dissolved, 
the retorts are withdrawn from the tire, and the solu- 
tion is left to cool, that the gold may settle to the 
bottom. The liquid is tlien decanted ; the gold, which 
remains in the vessel, is carefully washed, and the 
waters employed in tliis operation are added to the 
sulphate solution. Lastly, the purified gold is melted, 
and after being cast into ingots, is ready for commerce. 

The acid liquor, containing the sulphates, is poured 
into a leaden boiler, containing water and copper shav- 
ings. Heat is applied, and the sulphate of silver is 
soon completely decomposed. The precipitated silver 
is collected, and submitted to repeated washings, al- 
ways adding the water to the boiler, for uso in the next 
operation. Lastly, the silver is dried in a small iron 
pan, and is then melted in a crucible, to be cast into 
ingots. 

The acid solution, which now contains only sulphate 
of copper, is evaporated in lead boilers till it is fit to 
crystallize. It is then put into the crystallizing pans, 
and the mother waters are further evaporated, to obtain 
more crystals. This process is continued till the liquid 
becomes very concentrated, and consists almost entirely 
of sulphuric acid. In this state it is termed black ojcUI^ 
OL account of its color, which is due, in great part, to 
organic matters, dust, and other impurities, which fall 
in it during the evaporation in the crystallizing pans. 
The black acids, purified by concentration, may either 
be employed to repeat the same operation, or turned to 
useful account in different manufacturing processes, 
which d(» not require that the sulphuric acid should be 
pure and highly concentrated. 

2. By Nitric Acid , — The operation of parting is 
performed with nitric acid in much the same way ; but 
all the details of the process with this acid will be 
minutely explained in connection with the subject of 
assaying, for which it is uniformly used. 

3. By faaion with Sulphur . — Another method of 
separating the gold from the silver, which is sometimes 
practised with alloys containing but very little gold, 
is by fusing the granulated alloy with three-tenths of 
its weight of sulphur ; this combines with the silver, 
and forms a liquid sulphide, in which the finely-divided 
gold remains suspended. A small quantity of litharge 
is then added, which gives rise to the formation of 
sulphurous acid and sulphide of lead, and again sepa- 
rates a portion of tho silver, which then combines with* 
the gold, forming an alloy richer in the latter metal. 
This alloy, by its greater gravity, sinks to the bottom 
of the crucible, and, after cooling, is separated by the 
hammer from the superincumbent mixture of sulphide 
of silver and lead. When this mixture, whieh is 


termed plcuihmaly is fused with a small quantify of 
lithai^, it yields silver, which for the most part stBl 
contains a little gold. The richer alloy which subsided 
to the bottom of the crucible, is treated repeatedly 
with sulphur in tlie same manner, till the proportion Of 
gold is raised to one-fourth, after which the final sepa* 
ration of the silver is usually effected with nitric or 
sulphuric acid. It will be observed that this process 
is similar in principle to the method already described 
for concentrating auriferous pyrites. 

4. By fimon with Sulphide of AnJtimmy.-^n this 
case, the alloy is mixed with two ports by weight of 
sulphide of antimony, and fused, with constant stirring, 
in a crucible, wliich should be previously glazed with 
borax. By this means sulphide of silver is formed, and 
the gold combines with the antimony, forming a lower 
stratum of alloy, which is afterwards separated from 
antimony by simple ignition in the air, or by fusion 
with nitre. If the amount of silver in the original 
alloy exceeds one-third, a proportional quantity ot 
sulphur must be addfed in the crucible. The sulphide 
of silver forming the upper stratum retains a small 
portion of gold, to separate which it is again twice fused 
with sulphide of antimony, and this is again removed 
by ignition or fusion with nitre. The same operations 
are repeated on the whole amount of antimonide of 
gold time obtained, and the antimony is finally removed 
either by fusing the antimonide alone, while air Is 
blown upon it, or by fusion with throe times its weight 
of nitre. Sometimes it is melted into a mass by heat- 
ing it with three-fourths of its weight of borax, one- 
fourth of nitre, and one -fourth of glass. 

6. By Cementation . — Another method, which is 
practised in America, consists in an*anging the granu- 
lated alloy in alternate layers, with a mixhire of two 
parts of briek-flust and one part of chloride of sodium 
in porous crucibles, which are exposed to a low red 
lieat in a wood fire for a period varying from twenty- 
four to thirty-six liours. '3’he aqueous vapor from the 
wood permeates the crucibles, and acts upon the salt 
in such a manner ss to separate hydrochloric acid, 
which then forms chloride of silver with evolution of 
hydrogen. The chloride of .silver, together with the 
chloride of sodium, sinks into the brick-dust, and the 
gold obtained after washing, contains not more than 
from one-tenth to one-eleventh of silver. 

In this case, without the brick-dust, the conversion 
of the silver into chloride would be only superficial, 
because the chloride first formed would protect the 
inner portions of the alloy from the action of the 
hydrochloric acid. But when the alloy is enveloped 
in brick-dust, the chloride of sodium is partly decom- 
posed by the silica, yielding silicate of soda and hydro- 
chloric acid *, the latter converts the silver into chloride, 
which then fuses with the rest of the chloride of sodium, 
and this, sinking into the briok-dust, leaves a new sur- 
fttce of alloy exposed to the action of the hydrochloric 
acid. 

The reader will observe that the three methods last 
mentioned are all more or less imperfect in thefr results, 
and that for the complete separation of the silver, 
recourse must always be had to the action of sulphnrio 
or nitric add. 
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Alloys of Gold. — Standaed Gold.— By the 
preceding senes of mechanical, metallurgical, and che- 
mical operations, gold may be brought to a state of 
nearly absolute purity ; but in this state it is too soft 
to be employed with advantage in the arts, or for the 
purposes » of the coinage. Gold is therefore almost 
always alloyed with a greater or less proportion of 
some other metal, except when it is found in the shape 
of the finest gold leaf, which requires for its proper 
manufacture the highest possible purity, because, 
although it readily forms alloys with most of the other 
metals, its malleability is greatly impaired by tlieir 
presence in even a very small proportion. With some 
metals this effect is very remarkable ; even one two- 
thousandth part of antimony, bismuth, tin, or lead, will 
render the gold quite brittle. At the same time, as a 
natural consequence, its hardness and sonorousness are 
increased. 

The only alloys of gold of any importance in the 
arts are those formed with silver and copper, which 
tend to increase its hardness afid durability, and are 
used also by jewellers to give the gold different tints, 
according to the proportions employed. It singularly 
happens that these arc the metals with which it is 
chiefly combined in the native state, although it is 
likewise found associated ^th iron, platinum, telJurium, 
and other metals. 

Gold may be alloyed with silver in almost all propor- 
tions, and, by its combination with this metal, it be- 
comes not only harder and more sonorous, but also 
more fusible. As the proportion of silver increases, 
the color quickly passes tlirough pale greenish-yellow 
into white. The malleability of gold is less diminished 
by silver than by any other metal. Tlie maximum of 
hardness is found in the alloy containing two parts of 
gold to one of silver. Tlie green gold of the jewellers 
contains twenty-five per cent, of silver. 

The roost useful alloy of gold is that which is formed 
with copper, and this is the alloy which is used for 
coinage. The addition of copper renders gold rodder, 
harder, and more fusible. The maximum of hardness 
is exhibited by an alloy of seven parts gold and one of 
copper. An alloy containing twenty-two parts of gold 
and one of copper has a density of 17*167. English 
standard gold contains 8*33 per cent, of copper, or one 
part of this metal to eleven parts of geld. In France, 
the standard gold contains ten per cent of copper. Gold 
contracts in the act of solidifying from a state of fusion, 
and cannot, in consequence, be made to receive sharp 
impressions by casting it in moulds. Coins are, 
therefore, stamped with a die, and plate is either 
stamped or embossed, and afterwards chased and 
carved, if necessary, by cutting tools. 

Vthmtion of Gold Alloys. — In this country tlie 
standard of the alloys of gold is calculated in fractions 
of unity expressed in carats. Perfectly pure gold is 
taken as unity, and this is assumed to consist of twenty- 
four fractional parts teimed carats^ each of which is 
divided into four imaginary grains, and these are again 
subdivided into quarters and eighths. The carat is, 
therefore^ uhiimately divided into tMrty-two thirty- 
secouds; go that tdiity, or absolute fij^ess, lepre- 
Hented by iwenty-four of« these carats, maybe consi- 


dered as made up of 24 X 32 ss 738 thirty-Beconds. 
On this system, an alloy of gold, according to its com- 
position, is spoken of as being so many carats fine, or 
so many carats and thirty-seconds of carat It has 
been stated above that the. standard alloy of the Eng- 
lish gold coinage contains eleven parts of gold to one 
of copper, or, in other words, twenty-two parts of gold 
to two of copper ; it is, therefore, said to be twenty- 
two carats fine. If the alloy contained twenty-three 
parts by weight in the twenty-four, it would be twenty- 
three carats fine, or one carat letter than standard. 
If, on the other hand, it contamed only twenty-one 
carats, it would be' one carat toorae than standard; if 
it contained 18*5 of pure gold, it would bo said to be 
eighteen carats, and sixteen thirty-seconds. The 
‘report of the assayer is always given in relation to 
standard. Fine or pure gold would be twenty-four 
carats fine, that is, there would be nO alloy. 

In calculation it is easier to use decimal fraefions 
than the clumsy empirical system of counting by carats; 
and in estimating silver the decimal method has lately 
been introduced into the mint of this country by Sir 
John Herschel. In France the same method is gene- 
rally extended to gold. Upon the decimal system, 
fine gold or silver is termed 1000*0, and the report 
upon any sample of alloy simply indicates the number 
of parts of pure gold or silver in 1000 which the sample 
containi. Unfortunately the English standard does not 
admit of expressing the amount of copper in a termin- 
able decimal, the nearest convenient fraction being 
90 91 of copper in 1000 of alloy. In France, the 
standard is conveniently expressed by 900 of gold to 
100 of copper. This decimal standard admits of the 
ready comparison of gold alloys with other chemical 
compounds, because in analydoal investigations th^ 
results are always sought with reference to the per- 
centage or centesimal composition of the subject under 
examination ; but, under the system existing in this 
country and on many parts of the Continent, it is often 
necessary to convert the per-centage into the corre- 
sponding value expressed in carats. The following 
table, which expresses the relation subsisting between 
a series of decimal fractions of unity and the carats 
and tliirty-two thirty-seconds respectively, will be found 
convenient for immediately effecting the conversion 
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Curnts. 

Httolmal. 

1 

. 0-001302 ... 

... 1 ... 

... 0-041667 

V 

. 0-002604 ... 

... 2 .. 

,.. 0-083334 

3 

. 0-003906 ... 

... 3 ... 

. 0-125001 

4 

. 0 00o208 ... 

... 4 ... 

.. 0-166667 

6 

. 0-006510 ... 

... 5 ... 

, 0-206333 

6 

. 0-007912 ... 

... G ... 

, 0-250000 

7 

. 0-009215 ... 

... 7 ... 

, 0-291666 

8 

. 0-010415 ... 

... 8 ... 

... 0-333333 

9 

. 0-011718 ... 

... 9 ... 

0-374999 

10 

. 0013021 ... 

... 10 ... 

... 0-416667 

11 

. 0-014323 ... 

.. 11 ... 

... 0-458630 

12 

. 0-015625 

... 12 ... 

... 0-600000 

13 

. 0-016927 ... 

... 13 ... 

... 0-541667 

14 

. 0-018230 

.... 14 ... 

... 0-583333 

15 

. 0^19531 

.... 1.5 ... 

... 0-6245.55 

16 

. 0-020833 .. 

.... 16 ... 

... 0-666667 

17 

. 0-022135 .. 

.... 17 ... 

... 0-707333 

18 

, . 0-023436 . . 

.... 18 ... 

... 0-750000 

19 

.. 0-024740 .. 

.... 19 ... 

... 0-791666 

20 

.. 0-026042 .. 

.... 20 ... 

... 0:833333 

21 

.. 0-027343 .. 

21,... 

... 0*874999 

22 .... 

.. 0-028646 .. 

.... 22 ... 

... 0*916666 
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n 0-029948 23 0'95»}33 

U 0-031250 24 l-OOOOOO 

25 0*032552 — 

26 0 033854 — 

27 0-036156 — ...... 

28 0*036460 — 

29 0-037760 — 

30 0-039062 — 

31 0-040364 — 

82 0*041667 — 

Jewbli^ers’ Gold. — T he jeweller receives his gold 
in the form of ingots, which approach to absolute purity, 
or twenty*four carats fine. He begins his operations 
by alloying it with copper or silver, or both, in certain 
cdculated proportions, either to reduce it to the legal 
standard, or to give it the particular color required. 
.j^The following are the three standards fixed by the'* 
latest statutes enacted in France on the subject: — 

1. High standard gold^ consisting of nine hundred and 
twenty parts of pure gold in one thousand of alloy, 
which is eqrivalent to twenty-two carats, one thirty- 
second and one-half, This is the alloy usually cm- 
plo3TOd by the French jewellers, and is nearly iden- 
tical with the standard gold of the English coinage. 

2. French standard gold^ consisting of eight hundred 
and forty parts of gold in one thousand of alloy, or 
twenty carats, five thirty-seconds, and one-half. Some- 
times it is reduced to only twenty carats. 3. Common 
gold is seven hundred and fifty parts in one tl^ousand, 
or eighteen carats. The licence or tolerance allowed is 
three parts in a thousand. 

In order that the gold may be easily worked, the 
alloy must be perfectly homogeneous, and the jeweller 
accordingly brings it to this state by repeated fusions. 
If the alloy has been badly made, and still exhibits a 
grainy appearance, with a liability to crack under the 
action of the hammer or between the laminating rollers, 
it must be again introduced into tlie crucible, and 
thoroughly fused with a mixture of borax and saltpetre. 

In the Dictionnaire des Arts et Manufactures ^ the 
colors most commonly required in articles of jewellery, 
are stated to be composed as follows : — 

Colon. 

Yellow gold, Pure or fine gold, 1000, 

lied gold. Fine gold, 750 ; rose coppex;, 2.50. 

Green gold, Fine gold, 750 ; silver, 250. 

Deaddeaf gold, Fine gold, 700 ; silver, 300. 

Water-greou gold, . . . Kmc gold, 600 ; silver, 400. 

White gold -f An alloy of gold and silver iu which 

O’ t the latter predominates. 

Blue gold, t . . Fine gold, 750 ; iron 250. 

The last-mentioned alloy is somewhat difficult to 
prepare. It is obtained by introdticing thick iron wire 
among the melted gold, and withdrawing the crucible 
from the fire as soon as the alloy is formed. When 
poured out and cooled, it should have no appearance 
of porosity. It is Uien forged, and formed into sheets 
or wires of different thicknesses. 

Various shades of color are likewise given by the 
jeweller to articles or ornaments of gold, by the finish- 
ing process, which consists in exposing them to certain 
chemical agents, to dissolve out a portion of the copper 
or silver from thef surface, without attacking the gold. 
By this means the surface of the article is made to ap* 
pear like pure gold, which it really is, while below the 

, 

surface the quantity of copper or silver may be consi- 
derable. The liquor usually employed by the gold- 
smiths and jewellers for this purpose is a mixtore of two 
parts of nitrate of soda, one part of chloride of sodium, 
and one of Roman alum, in three or four parts of water. 

The trinkets or other articles are kept in this sohitioD, 
at the boiling point, from fifteen to twenty-five minutes, 
according to the shade required. They ate then taken 
out, washed in water, and after burnishing with blood* 
stone, the operation is finished. The pickle, or sauce, 
as the liquor is termed, dissolves not only the copper 
or silver alloy on the surface, but likewise a certain 
quantity of the gold itself and the articles lose, on the 
whole, about one-sixteenth of their weight by the opera- 
tion. To recover the gold, the liquor is diluted with 
at least twice its bulk of boiling water, and a solution 
of very pure protosiilphate of iron is poured into it. 

The precipitated gold is washed upon a filter, dried, 
and purified by fusing in a crucible, along with a 
mixture of equal parts of nitrate and biborate of soda. 

The other metals can likewise be recovered by very 
simple methods. 

Gold-Beating, — The art of beating gold into thin 
leaves seems to have been known firom a very remote 
period. The fact that the Hebrews were acquainted 
witli it has boon already stated, — and from toe circum- 
stance that, on the coffins of the Theban mummies, 
specimens of loaf-gilding are met with, in which the 
gold is so tiiin as to resemble modem gilding, it may 
be inferred that the Eg 5 q)tians had carried the art to a 
high degree of perfection. This art is distinctly referred 
to by Homer, and was practised extensively by the 
later Greeks, even to decor^ the external sculpture 
of their temples and statues. Fliny states that after the 
destruction of Cartilage the Romans began to gild the 
ceilings of their temples and palaces, and that luxury 
advanced on them so rapidly that, in a little time, even 
private and comparatively poor persons gilded the walls, 
vaults, and other parts of their dwellings. Horace’s 
remark, that neither ivory nor gilded arch figured in his 
house^ is familiar to the classical student. I^INY fur- 
toer states, that one ounce of gold was extended to 750 
leaves, each four fingers square. Lucretius compared 
the Roman gold-leaf to a spider’s web, and Martial 
described it as little other than a vapor ; yet, according 
to Pliny’s acoount, it must have been three times 
the thickness of the ordinary leaf-gold of toe present 
time. 

Experiments have been made to ascertain to what 
degree of thinness gold and silver could be reduced ; 
it was found that one grain of gold waa spread 
to the extent of seventy-five sqiiare inches, and toe 
samo weight of silver to the still more extraordinary 
dimensions of ninety-eight square inches. Taking One 
cubic inch of gold at four tlioosand nine hundred 
grains, it will be found toat the gold was the three 
hundred and sixty-seven thousand five hundredth part 
of an inch in thickness, or about one thousand two 
hundred times thinner than ordinary printing paper. 
Thus, if tliree hundred and sixty-seven thousand leaves 
of gold were placed on one another they would consti- 
tute a pile only an inch high, while the same number 
of leaves of paper would form a pile hidf toe height of 
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Uie Monument of London. The same wdght of silver, 
though extended over a much larger surface, was thick- 
est, owing to the difference in its specific gravity. In 
practice, the gold leaf is never extended beyond the 
oiio-two hundred and ninety thousandth part of an inch 
in tliickuoss. 

Tlie late. Dr. Uhk erroneously states, that the gold 
used in gold-boating ought to be of the finest standard. 
Alloy, ho adds, hardens gold, and renders it loss malle- 
able; so that Uio fraudulent tradesman wlio should 
attempt to debase the gold would expose himself to 
much greatejr loss in the operation than he could 
derive of profit from the alloy. From this statement 
it might bo inferred that nothing but fine or perfeetly 
pure gold is used by the gold-beater, wJiereas, in point 
of fact, it is variously alloyed, according to the color 
required. Indeed, it is not uncommonly supposed, 
among the workmen employed in the business, that 
fine gold is incapable of being reduced to thin leaves ; 
but this also is an oiTor. It is simply objectionable foi' 
oommorcial purposes, on account of its greater cost, 
and also on account of the adhesion whicli lakes place 
when one part of a leaf of fine gold touches another, 
thus causing a waste of labour, by the loaves being 
spoiled. For work, however, which is to be exposed 
to the weather, fine gold is the best, being more dura- 
ble, and not liable to tarnish or cliange color. 

A London gold-beater, Mr. E. S. IMausitall, exhi- 
bited spoeimens of gold-leaf at the Great Exliibition of 
1851, for which the lu’izo medal was awarded to him. 
The specimens were twelve in iminbcr, and embraced 
a regular gradation in color from red to nearly white — 
namely, red, pule red, extra deep, deep, orange, lemon, 
d()cp pale, pale, pale pale, deep party, i)arly, and fine 
gold. The deeper colors were alloyed witli from 
twelve to sixteen grains of coj'pcr per ounce, but no 
silver, since any admixture of this metal with so large 
a qiuintily of copper would considerably imijair the 
malleability of llio alloy ; the medium colors contained 
from twelve to twenty grains of silver, with from six to 
eight grains of copj)cr, to the ounce; and, lastly, tin* 
paler leaves contained from two to not less than twenty 
pennyweights of silver to flic ounce, but no copper, for 
the same reason that silver was omitted in the red or 
deep-colored golds. 

The process of gold-heating Is purely a mechanical 
operation, but involving as it docs one of llic most 
important applications of this precious metal, it will be 
necessary to give a short account of it. The first 
operation is the emting of the metal into ingots. For 
this purpose the gold, either pure or alloyed, according 
to the color desired, is melted in a crucible at a liiglier 
tomperalure than is simply necessary to fuse it, by 
whidi its malleability is improved. It is then poured 
into moulds previously heated and greased on the 
inside, and cast into flat oblong ingots, each about 
three-fourths of an inch wide, and weighing two ounces. 
The ingots, when taken from the moulds, are amioaled 
in hot ashes, wliich cleanse them from grease and 
increase the malleability of the gold. When the ingot 
ie cold, tho French gold-beaters hammer it out to the 
thickness of one-sixth of an inch, and expose it at tho 
aamc time to repeated annealings ; hut this operation, 

VOL. 11. 


termed tlie forging, is omitted by tlio English gold- 
beaters. The next process is tho loMimtion, which 
consists in repeatedly passing the ingot between two 
rollers of polished steel, gradually brought closer 
together, until it is formed into a ril)and of one and a 
half inch in width, and ten feet in length, to Uio ounce. 
By this means the ingot is spread out to a surface 
of nine hundred and sixty square inches of the thick- 
ness of rather more than one-cight-hundredth of an 
inch. The next operation is tho healing, for which 
purpose the riband of gold, after being annealed 
or softem^d in the fire, is carefully divided witli com- 
passes and cut up into pieces of the size of a square 
inch, each weighing about six grains ; about one hun- 
dred and sixty of these are placed by means of wooden 
pliers between the k;avcs of a cutch, which formcrlv 
consisted of a packet of fine calf-skiu vellum, but now 
it is usual to employ a tough paper manufactured in 
Franco. A case of strong parchment, open at botli 
ends, is drawn over the cuteh, and this is enclosed in a 
second similar case at right angles to the first, so as to 
cover tin; edges W'hieh the first had left exposed. The 
entcluis tlicn beaten with a seventeen-pound hammer, 
njK)n a smooth block of black marble, sui)i)orted on a 
strong bench, and surrounded on three sides by a 
’vvt)oden ledge, wdiilc tho front is left 0 {)en, and has a 
leatlicrn apron attached to it, to preserve any fragments 
of gold that may fall out of the packet. The hammer is 
short-handled, and is wielded by the workman with 
oim hand, while with tlie other he oeoasioiially turns 
the ])aeaet over, to distribute tho force equally. The 
elasticity of the packet causes tho hammer to rebound, 
and lightens the labor of the operator. At intervals 
the packet is taken up, and bent or rolled between the 
hands, to overcome any slight adhesion between tJio 
kjuves and the interposed paper or vellum ; or it is 
taken to pieces to examine tlie state of the gold, 
and to shift the central leaves to the outside, and 
vic.e irrsd. 

When tlie gold plates of one inch square arc tJuis 
spread out into four-inch fi<pinTes, or to nearly the size 
of tho leaves of tlie cutch, which generally requires 
about twi'iity minutes’ beating, the ]>aekot is oiiened, 
and eaeli leaf of gold is taken out, and cut with a knife 
into four equal Rquares, thus increasing the one hundred 
and fifty pieces to six hundred of nearly the same size 
as at first. These are ])ut between the leaves of 
another tool, called a slodcr, made of gold-beater's 
slin. This substance is the circum of the ox, which is 
first doubled, then prepared wuth solutions of alum, 
isinglass, white of egg, ct cetera, and after being beaten 
between folds of paper to expel the grease, is finally 
presscil and dried. The shodcr is enclosed in parch- 
ment and beaten as before, but with a smaller hammer, 
about nine or ten pounds weight, till the squares of 
gold are again extended to nearly tho size of tho skins. 
Tho shodcr requires about two hours’ beating for this 
purpose. During this period, the i>acketmust be often 
folded, to render the gold as loose as possible between 
the membranes. As all the loavea do not spread quite 
equally, the dboder is beaten upon aflor tho more 
expanded leaves have reached the edges, the effect of 
which ie, that those come out of tlie edges in the 8haj.>e 
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of dust, and tin's allows time for Iho smaller leaves to 
reach tlie full size of the sliocler. 

The packet is now opened, and the leaves of gold, 
hoing spread on a cushion, arc again subdivided into 
foui-s, by means of two pieces of cane cut to very sharp 
edges, and fixed down cross- wise on a board. This 
rectangular cross being applied on each loaf, with slight 
pressure, divides it into four equal portions, and is 
j)rcfcrabie to a steel knife, to which the gold, in its 
now attenuated state, would be liable to adhere. The 
two thousand four* hundred squai‘cs thus formed arc 
separated into three parcels of eight hundiod each, and 
tlic squares of each parcel are placed in another shodcr 
or mould composed of gold-beater’s skin, enclosed in the 
parchment cases, and beaten as before. 'I'bis is llio Inst 
jj^nd most diHicult stage of the process. The mould must 
be made of the finest skins, about five inches sipiare ; 
and on tlie fineness of the skin, and the jiKlgnient and 
dexterity of the workman, the i)Oi’fcction and Ibinncss 
of the leaf of gold depend. A seven -pound hammer is 
now employed, and after two hours’ ])Ciitiiig, the gold 
is reduced to the one hundred and fifty thousandth of 
an inch in thickness, and begins to transmit the ia\'s 
of light. When the gold is quite pure, or hut slightly 
alloyed, it transmits the green rays, hut in gold highly 
alloyed with silver, the pale violet rays arc transmitted. 
After being hammered another two hours, the leaves 
acquire the tenuity of ordinary leaf-gold, and average 
from three to three and a half inches square. The 
tlircc beatings and two quarterings expand the gold to 
an area about one hundred and ninety times greater 
than it had in the form of a riband, and one bundled 
square feet of it weigh only an ouucc. It is true that 
an ounce might bo hammered to cover an area of one 
hundred and sixty feet ; but in this case the gold would 
be too much attenuated for coiuinon use, and the extra 
labor and care rcipiired would nut he compensated by 
any corresponding advaulngo. After Uie last boating, 
tJio loaves arc lifted one by one wdth a delicate pair of 
long pincers, made of white wood_, and are spread out 
on a leathern cushion by blowing them flat with tlic 
mouth. Broken or blemished leaves are rejected ; the 
good ones have tlie ragged edges (‘ut off with a wjuaie 
frame of sharp canc, wdiich i educes them all to a uni- 
form size, and arc then placed jn a hook, the leaves ol 
which have been rubbed with red ochre, to prevent the 
gold from adhering. Each book is capable of holding 
twenty-five leaves, and in this form the gold-loaf is 
sold fur gilding picture-frames and books, and for the 
various ornamental purposes to whicli it is applied in 
the arts. 

In this country the art of gold-beating was long con- 
fined to London, whcrci it has been carried to lugher 
perfection than in any other part of the world ; hut, ot 
late years, eflbris have been made on the Cmitincnt, 
\vith the aid of English gold-heaters’ skin, to emulate 
the beauty and fineucBS of tbe English product; and 
the art is now practised suecessfully in different large 
cities in England, as well as iii Scotland and Ireland. 
Latterly, maebinery has been ap]flied to supersede the 
arduous manual labor of gold-beating with the ham- 
mer, and machines for this puri^osc were sent to the 
Great ExUibUiou from France and the United States. 
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There was also exhibited a specimen of leaf-gold, manu- 
factured in Loudon by means of steam machinery; and 
there is little doubt that the article, so manufactured, 
will ultimately supersede the product of manual labor. 

Gilding.— This is the art of applying a superficial 
covering of gold to articles of ivood, metal, et cetera^ 
chiefly for the purpose of ornament, but sometimes also 
for utility, as wdien it is essential that tlie article should 
he preserved from tarnishing. Gilding is practised by 
various methods, the principal of which may be clossi- 
fitid under the following heads, namely : 1. Mechanical 
gilding with gold-leaf for wood, leather,. cetera; 2. 
Chemical gilding, properly so called, which is practised 
on metallic substances, and includes 'wash -gilding, or 
gilding by amalgamation ; gilding b}’^ immersion and 
various oilier processes ; 3. Electro-gilding, commonly 
knpw'u as tbe electrotype. 

1. Mechanical GiUVinfj, or gilding on \vood with gold- 
leaf, is of two kinds, distinguished as burnish-gilding 
and oil-gilding. 

In hunmh-gilding^ the process may be exemplified 
as aiiplicd to a jiiclurc-frame. In this case tbe gilder 
receives from tlic joiner a bevelled moulding twelve 
feet in kaigtb, whicli be prcjiares for gilding by a num- 
ber of preliminary coatings of size, mixed with dinercnl 
substaiK’cs. lie first gives it a priming of hot size and 
whiting, this mi.xture being laid on in a somewhat fluid 
state, and theiefore termed thiu’ white. It is prepared 
by melting the size in an eartben pipkin, and stirring 
in the whiling in fine pow'der by small i>ortions at a 
lime. AVljon this first coating is dry the surface is 
examined, and all lioh's and irregularities are filled up 
with a mixture of whiting and size, made of the con- 
sistence of putty, hut containing no oil. The moulding 
then receives four or five l.iyers of a mixture similar to 
the first, hut of greater consistence, and therefore 
termed thiclr-white^ allowing time hctwxen each layer 
for the \Yoik to dry. AVhilo each of tliese lust coatings 
is still w^et, the fme work of the uiouldiug is kcjd open 
by means of ohisc-ls, gouges, and other tools for tlie 
pur])Ost!. Sometimes tw’o thick-whites are laid on sue- 
ces.sivcl3^ without allowing the first to dry, and arc then 
worked into the shape of the moulding by hard stones 
of the required form. The whiting is now from ono- 
sixtceiith to one-twelfth of au inch in thickness, and is 
tj'immcd to remove the unevenness at the edges, after 
which the entire surface of the moulding is smoothed 
with puniicc-stone, formed to lit exactly into the vari- 
ous parts, which arc slightly wetted to promote the 
smoothing efl’ect. ’’J'he final jiolish of the whiting is 
given with glass-paper. 

The moulding is now ready to receive the gold-size, 
which consists of pipe-clay, red chalk, black lead, suet, 
and bullock’s blood. Of this mixture, which is sold to 
llic gilder in a tenacious mass, rather softer than butter, 
a portion is taken and melted with common clear tliin 
size; and while still sligbtiy wwm, is kid on with a 
brush, and with great nicety of hand. 

The next operation is the gilding, for which several 
tools are required, — a leathern cushion to receive the 
gold-leaf, a knife for cutting it into diflerent sizes, and 
a little instrument, termed a tip, for laying tlie leaf on 
the moulding. I’liiH last instrument consists of two 
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pieces of cjard glued together, with the ends of a row of 
camel’s hairs fastened between them, and projecting 
from one inch to one inch and a half. The gilder 
having moistened with water a few inches of the mould- 
ing about to be gilded, and having cut a leaf into stripes 
suited to the width of the part on which it is to be laid, 
touches one of these stripes with the tip, to tlio hairs of 
which it slightly adheres, and transfers it to the mois- 
tened part of the moulding. When the whole of the 
moulding has been thus covered, it is set aside to dry. 

The next process is the burnishing, which is per- 
formed by rubbing briskly over the gold a piece of flint 
or agate. This greatly increases its brilliancy, and does 
not injure the gold-leaf on account of the foundation of 
gold-size and whiting wliich yields under the hand. 
The parts which are to he in dead gold or niattj are 
left unburnished, but over these parts a very thin, clear 
size is passed, and, wlicn dry, the gold is carefully 
wiped with soft cotton wool. The work is completed 
by wetting the malt parts with a pencil di{>ped in clear 
finishing size. The moulding is then passed into the 
hands of the frame-maker, who ruts it up and forms 
it into a frame of the required size. 

When the frame or other article to he gilt is some- 
what richl}^ ornamented, oU~(jllding is used. In this 
case the moulding is first whitened as btdore, but is 
then made up to tlio required slia[)e, and decorated 
with conqiosition ornaments before the cqqdication of 
any further jirlmings. In this stale the gilder receives 
the frame, and his lirst operation is to wash it, in order 
to free it from oil or other impurities. lie then gives 
it two or three coatings of thin-wliite, mixed with a 
little soft clay, and several additional coatings are given 
to the parts intended to he burnished. Two or three 
coals of a moderately strong size called char-coJc arc 
now spread over the wliole, after which the oil <johU 
Consisting of a mixture of boiled linsecd-oil and 
ochre, is laid on smoothly with a brusii. After six or 
eight hours, when the oil-size has been partially dried, 
tin* gold-leaf is apjdied as before, e\(*q»t that in this 
case no water is used, the oil serving the same jairpose. 
For deep ornaments, the gold is pressed in with cotton- 
wool, and in this case the gilding has to be repeated to 
remove the irregular fractnn^s known by the giklers as 
spiders' kgs, Tlie work, wliich lias still a ragged ap- 
pearance, is now carofiilly gone over and sniootlied 
with a hrusli — superfluous gold being removed from 
some parts and worked into others. This operation is 
termed shiwing. The parts to bo burnished are then 
treated as before, and finally the frame, after being 
dusted, is sized with clear size, and yellowed on tlic 
outside. 

Another api)lication of gold-leaf is to hook-gilding. 
When the book is bound in leather, the hack and sidc^s to 
be gilt are first covered with a coating of isinglass, or 
white of egg, dissolved in a large proportion of water, 
and termed glaire. This is allowed to dry, and when the 
gold-loaf is about io be laid on, a woollen rag, slightly 
moistened with hog’s lard or sweet oil, but so as to feel 
almost dry to the touch, is rubbed over the leather. 
This causes the adherence of the gold-leaf, which is 
laid on over the whole space intended to be covered 
by the figure , and is tlien imprinted with a hot brass 


block, cut to tlie required design or letters. For this pur- 
pose a blocking-press is employed, and in the upper bed 
is a cavity containing a row of gas jets for keeping the 
block at the proper temperature. After the block has 
been brought down by moans of a lever, the gold is 
readily brushed off from the parts which have not re- 
ceived the impression. Books bound in cloth are treated 
in the same manner, except that they do not receive 
the prcliininary coating of glaire, the place of which is 
supplied by a portion of the glue under the cloth being 
raised by the heated block. The edges of tlie leaves 
of books are gilded in the bookbinder’s press by ap- 
plying a solution of isinglass or white of egg, mois- 
tened with oil, and tlien luying on the gold-leaf, which 
is firmly pressed down and burnished with agate, blood- 
stone, or polished steel. Instead of isinglass or oval^ 
Immen, the serum of bullock’s blood is often employed, 
j 2. Chemical Gildwg , — When metallic surfaces are 
I to be gilded, the gold is applied either in the state of 
an amalgam, which is termed wash-gilding^ or is de- 
posited by chemical afiinity from its solution. 

Water or 117^7/ gilding consists in applying evenly an 
amalgam of gold to the metallic surface to be gilt, and 
then dissipating the meremy by heat so as to leave on the 
surface a film of jiiii’c gold. Ordinary brass answers very 
well for gilding on, but the alloy which is now generally 
prelerred is a mixture of copper, nickel, and zinc, which 
may bo so ])roportioned as nearly to resemble gold in 
color. To form the amalgam, a small quantity of 
gold, reduced to grains or thin plates, is heated in a 
crucible till it becomes faintly red, and then thrown 
into mcreiiiy, also ])vcviouBly heated till it has begun 
to emit visible vapor. The proportion of mercury to 
gold is generally as si.x or eight to one. The mercury 
is ilien stinod with an iron rod till all the gold is dis- 
solved. The crucible is now removed from the fire, 
and tlie amalgam, wlion cold, is squeezed in a bag ol 
chamois luatlier, for the purpose of straining off the 
superfluous mercury. TJie true ain.algam wliich re- 
mains cousisf.s of about Ihirty-thrce of gold and fifty- 
seven of mercury in a hundred parts ; it is a yellowisli 
silvery mass, of the consistence of butter. 

Before applying tlio amalgam to the metallic sui'- 
faee, tlio latter is rubbed over with a solution, formed 
by dissolving a liuridi’ed parts of mercury in a hundred 
and ten jiarts, by weiglit, of nitric acid, of specific 
gravity and diluted with about twenty -five times 
its weight of distilled water. This solutiou not only 
cleanses the metal from any rust or tarnisli, but in con- 
sequence of the stronger affinity of the copper alloy for 
nitric acid than the mercury has, tha latter is precipi- 
tated upon its surface in the pamo manner as a piece 
of polished iron precipitates copper from a solution of 
the sulphate of that metal, 'J’he amalgam is now spread 
evenly over the alloy to be gilt by means of a brush, 
and readily adliorcs to the metallic surface in conse- 
quence of the thin film of mercury already deposited 
upon it. Sometiin(',s the metal is previously (leaned 
with suliihuric acid, and the nitrate solulioti and amal- 
gam are then applied simultaneously. For this pur- 
pose a gilder’s scratch-brush, mado with fine brass- 
wire, is first dipped into the nitrate of mercury solution, 
and is then drawn over a lump of amalgam, placed on 
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the sloping side of an earthen vessel, alter which the 
brush is applied to the surface of the alloy# This pro- 
cess is repeated till the wliolo is coated with its just 
proportion of gold. The article is tlien bathed in w^ater, 
dried, and exposed to a fire of glowing charcoal to 
expel the mercury. The heat applied must be just 
sufficient for this purpose, and the article must be turned 
about to expose it e<iually on all sides. From time to 
time it is withdrawn! from the fire, and while the operator 
holds it in his left hand, proh^ctod by a stullcd glove, 
he spreads the amalgam equally with bis right hand 
by means of a long-haired brush. The piece is then 
returned to the fire, and the same operations are re- 
peated till the mercury has entirely volatilized. This 
is known by the surface becoming of a dull yellow 
color, and by the hissing sound of a drop of water let 
fall upon it. 

The Burfiice, now coated with a film of gold, is still 
deficient in polish and lustre. To coininunicatc these 
qualities, it is washed and well rubbed with a scratch - 
brush in water acidulated with vinegar. It is tliiMi 
covered with a composition called [f 'ddlnfj wai\ wliieh 
is simply a mixture of bees’ wax with some of tlie 
following substances, namely, red oclire, verdigris, 

I copper scales, alum, vitriol, and borax. Coated with 
I this composition, it is again exposed to the lire until 
j the wax is huint ofl'. By this means tlie gilding is 
j found to be lieighlencd in color, probably iti consequence 
! of the comjdctc dissipation of some of the mcicury 
I remaining after the former operations. If the article 
I is wrought or chased, the parts intended to bo bnrnisbiOil 
are now nibbed with a steel burnisher, di]»ped in acidu- 
lated water, till a fine metallic lustre is i)roduced. For- 
merly hijematitc or bloodstone was almost exclusively 
used for this purpose, but is now* geneially abaruloneil 
for the use of the steel burnibher, which is case~hardon«‘d 
and then carefully polisliod. The ])arts intended to bo 
i deadened are coateil wdth a mixture of sca-salt, nitre, 
and alum, fused in the water of crystallization of the 
last-mentioned salt ; tljc article is then heated till the 
saline crust witli wLi(di it is covered enters into fusion, 
and becomes homogeneous, after 'which it is withdrawn 
and suddenly plunged into cold water, which entirely 
detaches the crust. Lastly, the ])ieco is passed through, 
weak nitric acid, washed in pure water, and dried. 

Gilding hy immemion is another method by whicli 
copper trinkets and stamped articles can be coated with 
a thin film of gold. This method, which dispenses with 
the dangerous ust) of mercury, so detrimental to the 
health of the workmen, was patented by Mr. ELKT^G- 
TON, of Birmingham, in 1830, and lias been very ex- 
tensively practised, more especially in France. In this 
I process the copper oi other metallic articles to be gilt, 
are, after being well cleansed, immersed in a boiling- 
Iiot solution of tercldoridc of gold mixed with a solution 
of bicarbonate of potassa. The adhesicui of tlie gold 
to the inferior mehil takes place in consequence of a 
portion of the copper becoming dissolved by tlie action 
of the potassa, and the deposition of an equivalent of 
gold upon the copper article in its stead. The details 
and rationale of the process are thus described by 
Dr. Mii.lku of London : — The gilding-bath is pre- 
pared by dissolving one part of fine gold in aqua regia, 
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and expelling the excess of acid by evaporation. Tho 
chloride is dissolved in a small quantity of water. To 
this solution thirty parts of bicarbonate of potassa are 
gradually added. This liquid is then mixed with a 
solution of thirty parts more of tho bicarbonate, dis- 
solved in*two hundred parts of water, and the liquid is 
boiled for two hours. During this operation the bicar- 
bonate of potassa is converted into the sesquicarbonate, 
and the yellow liquid passes into green ; after this, the 
solution is ready for use. The trinkets having been 
annealed, are cleansed from adhering oxide by a mo- 
mentary immersion in a mixture of equal parts of 
sulphuric and nitric acids j to which, when the gold is 
intended to have a dead appearance, a little chloride of 
sodium Is added. The articles are washed in water, 
and then plunged into tho gilding liquid, where they 
arc left for about half a minute, after which they are 
washed in water and dried in hot sawdust. This bath 
may bt' also employed for gilding cm German silver, 
platinum, or silver, by immcisiiig the objects composed 
of lliese metals in tin' liquid, in contact with wdres of 
eopper or of zinc. During this proceSvS of gilding, a 
remarkable reaction occurs — the gold imparts a portion 
of its chlorine to tho excess of potassa contained in the • 
bath, forming chlorate of potassa ; protoehloride of | 
gold is formed, and is decomposed by tho copper, j 
— chloride of copper being produced, wdiilst metallic 
gold is deposited upon the surface of llio triiikcts : — I 

0 xVu Cl., -f G KO -f 12 Cii rr 12 Pu Cl 4 . 5 K Cl -f- KO 
Cl Of, -f 0 An. 

During this oponilion a black ]>owder is precipitated, 
which eonlains hydrated carhonate of copper, mixed 
with a siiitdl i»ioportion of tho purple of Cassius derived 
fi(mi the action of the gilding solution upon tlie tin 
contained in tho solder of the trinkets. The com- 
pound teniK'd the purple of Cassius will be describctl 
afterwards. 

Gilding on iron and strcl cannot bo well performed 
directly by the method of amalgamation, as it is difli- 
c-idt to prevent tho oxidation of the metal during tluj 
volatilization of the mercury, and tho temper of sword- 
blades, daggers, and other such instruments, to which 
the gilding is usually applied, is liable to be injured in 
tho process. It may be eflected, indeed, by previously 
applying to tho polished surfiicc tho solution of iiitmto 
of rnerenry already deseribod, and known as qtdcJcsilvei' 
(rater ; tlie acid so api>lied unites with a portion of tlie 
iron or steel, and deposits in its place a thin coating of 
mercury, which combines with the gold amalgam wlicn 
brushed on. By this mctliod, however, a bright and 
durable gilding cannot be obtained. 

Another not very successful method of gilding on 
polished iron and stiiol, is by means of an etlicreal solu- 
tion of tcrchlorido of gold. For thi.s purjioso tbe gold is 
first dissolved in aqua regia, and about twice the quan- 
tity of ether is then cautiously added in a large vessel. 
The liquids arc agitated and allowed to rest, when the-^" 
ether will sepaiate, and float on tho surface of the 
acid. The whole rnixtur|Js now poured into a funnel 
terminating in a small ajicrture, and again allowed to 
settle and separate, after which tho acid is run ofl’ from 
below. The ether which remains has taken up all the 



GOLD Aktificiai^— O oMPOBNDS OP Gold. 


293 



^ 



gold, and before applying it to the iron or steel, tbo 

jiroportions used by them are*— ^pure copixjr, 100 parts 



metal is polished with the finest emery and spirit of 

by weight ; zinc, 17 ; magnesia, 6 ; sal ammoniac, 3*60 ; 



wine. The ether is then laid on with a small brush, 

quicklime, L80; tartar, 9. The copper is melted in 


- 

and as it evaporates it deposits the gold, which can 

a crucible, in a suitable furnace ; the m^nesia, sal am- 


• 

now bo heated and polished. This gilding, however, 

inoniac, lime, and tartar, are then added, separately 



is neither vciy rich nor durable, in consequence of the 

and by degi'ees, in the form of powder ; the whole is 



affinity between gold and iron being feeble compared 

stirred for about thirty minutes to tlioroughly mix the 



to that between gold and copper or silver. 

ingredients, and the zinc is then thrown on the surface, 



But polished iron and steel, as well as copper, may 

having first been ground into very small grains ; the 



be effectively gilded with gold-leaf by the af)plication 

stirring is continued until tlic fusion is complete. Tlie 



of heat. For this purpose, the metals arc heated till 

crucible is now covered, and the fusion continued for 



the iron assumos a bluish tint, and till the copper lias 

about thirty-five minutes, when jt is uncovered and 



acquired a like temperature. The first coat of leaf- 

skimmed witli care, and Uie contents are run into a 



gold is then applied, being pressed gently down with a 

mould of moist sand or metal. The material which 



burnisher, and then exposed to a moderate heat. 

results may be cast at such a temperature that any 



Several leaves, either single or double, are thus sue- 

ornamcntul form may be given to it. It is very fine- 



cessively applied, and the last is bninished down cold. 

grained, and is also damascene, malleable, and capable 



This is the method usually practised in gilding iron or 

of taking a very brilliant polish. When tarnished by 



steel. 

oxidation, its brilliancy can be restored by a little aci- 



Gilding on silver is performed by means of the 

diilated water. If tin be cnqiloyed instead of zinc, the 



ashes of a linen rag, which has been dip})eil in a solu- 

alloy will be still more brilliant. 



tion of gold and copper in aqua regia. For this pur- 

C-OMPOUNDS (n^ Gold.— A jiart from the alloys of 



pose, si.xty grains of fine gold and twelve of rose copper 

gold, the only chemical compounds of this metal pos- 



are dissolved in two ounces of aqua regia, AVith this 

scssiiig any importance, are tlie chlorides, the oxides. 



solution a quantity of linen rags Hnfiicieiit to absoib all 

and a substance knowm as the imryle, of Cassius^ of 


1 

the liciuid is soaked. I'lie rags are then dried and 

whicli the com])ositioii is still somewhat obscure. 



burned, and the ashes ‘contain the gold in ])owder. 

Chlorides of Gold. — Gold forms two compounds 



A moistened cork or piece of leather is dip])ed into 

with chlorine, — a protocbloriclo, Au Cl, and a ter- 



this powder, and after the article to he gilt has heen 

chloride, AuCfig. The latter is the most important 



well annealed and polished, the ashes are ruhhed over 

chemical compound of the metal, and from it nearly 



it with the cork till the suiface appears sufficieutly 

all the other useful preparations of gold are made. It 



gilded. Large articles are finally hurnislied with 

is prepared directly by dissolving gold in nitro-hydro- 



bloodstone, and small ones with stool burnishers, along 

chloric acid. On evaporating the solution, the tcr- 



with soap-water. 

chloride may be oljtained in rnby-red prismatic crystals. 



Gilding on. glass or porc.vLuui is effected with i)iil- 

which are very fusible, and deliquesce on exposure to 



veriilcut gold, or gold precipitated from its cliloriilo 

the air. It is very easily decomposed by beat, light, 



solution by mea»s of sulphate of iron. In this state 

organic Biibstencos, and all deoxidizing or rcducinf.' 



the gold is mixed wiili one-twelfth of its weight of 

agents. Hence the fingers or writing paper, if washed 



oxide of bismuth, together witli a small quantity of 

over with the solution, become stiined of a violet color 



borax and gum-water, and is applied to tlio ])arts to Ixj 

when exposed to the sun’s light ; and lionce also itr^ 



gilt with a earners hair pencil. The article is then 

occasional use in photography. It is soluble in water, 



heated in a muftlo, and when removed the gold a])pears 

in .alcoliol, and in oilier ; and the latter solution, 



of a dingy color, but the lustre is brought out by bur- 

as already stated, is sometimes used for gilding steel. 



nishing with agate or bloodstone. Lastly, it is cleaned 

When licatial to about 350°, the terchloridc is trans- 



witli vinegar or wliite-lcad. 

formed, by the expulsion of two-thirds of the chlorine, 



Vessels which are not often used, not liable 

into a pal(‘ -yellow sparingly soluble powder, which is 



to wear, may easily bo gilt in a less diirMlj^ manner, 

the protiH'hlonde. 1’his is an unstable compound of 



by fixing gold-leaf upon tbern with copal varnish. 

no importance in the arts. At a red heat it loses its 



3. El fjctro- Gilding, — This process, which has now 

chlorine entirely, and metallic gold remains. 



almost entirely superseded the method by amalgama- 

The tcrchloride is the usual and most convenient 



tion, is applicable not only to metals, but to wood, 

form of obtaining a solution of gold, and examining its 



plaster, or any other substance capable of receiving a 

properties in that slate. The different reagents by 



coating of plumbago, or of Pakkios’ patent preparation 

whicli pulverulent gold may be precipitated from this 



of phosplioruB. Full details of this beautiful process 

solution, liave been already mentioned. It is by this 



liavo been given in tlie aiticlc Ki.kctuo-mictallukgy, 

means tJiat gold is obtained in a state of chemical 



to which the reader is rcfciTcd. 

purity. 



ARTiPlciAii Gold.— U nder the name of Californian 

Oxides of Gold. — The oxides of gold correspond to 



gold, and other sounding titles, are sometimes sold 

the chlorides, and arc obtained from them, — the pro- 



alloys which do not contain one grain of the precious 

toxide, Au 0, from the protochloride, and the teroxide, 



motal, but merely rcsoml||| it in color and lustre so 

Au Oj, from the terchlorido. The protoxide is obtained 



long as they remain untarnished. It is stated tliat a 

as a dark green powder by precipitating the proto- 



good imitation has lately been formed by Messrs. 

chlorido by a dilute cold solution of potassa. It is per- 



Mouhiku and Vallisnt, of l^aris. The materials and 

manent at ordinary temperatures, but a beat bordering 
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upon 480® decomposes it into metal and oxygen; kei)t in 
contact with a solution of potassa for some time, it altem 
to metallic gold and the teroxide. When digested with 
ammonia, it forms fulminating gold. The teroxUle 
which possesses acid properties, and is therefore fre- 
quently termed auric acidy is the only well-known 
oxide of gold; it is usually prepared by digesting a 
solution of the tcrchloride of gold witli pure magnesia, 
washing the precipitate with water, and removing the 
excess of magnesia by dilute niUic acid; but Wagner 
recommends the following process : — Dissolve one part 
of gold in the usual way, render it quite neutral by 
evaporation, and re-dissolve in twelve parts of water ; 
add to the solution one part of carbonate of ]>otassa 
dissolved in twice its weight of water, ai d digest at 
about 170®. Carbonic acid gradually escapes, and the 
hydrated teroxide subsides, of a brownish-red color. 
A.fter being well washed, it is dissolved in colorless 
nitric acid of specific gravity 1-4, and the solution de- 
composed by admixture witli water. The hydrated ter- 
oxido is thus obtained nearly pure, and is rendert'd 
anhydrous by a temperature of 212°. In the state of 
hydrate it is yellow, but when ardiydroiis it is nearly 
black. It is insoluble in water, is very readily reduced 
by solar light, and at a temperature of about 470° 
it is resolved into metallic gold and free oxygon. It is 
quickly dissolved in hydrochloric acid, yielding the 
common solution of gold ; but although it is like- 
wise taken up by strong nitric and sulphuric acids, it 
forms no true salts or definite c()m}) 0 imds with those or 
with any acids containing oxygon : so slight is the 
affinity, that the oxide is quickly precipitated by the 
addition of water. The hydrated teroxide, however, 
leadily combines with the alkalies, apparently forming 
regular salts, which arc termed aurafes. 

Figuier gives the following method in ])refercnce to 
the above, in consequence of its yicldiil^ a larger pro- 
duct, and at the same time a jmrer or/fk. Dissolve 
one part of gt»ld in four of aqua regia, and evaporate to 
dryness on the sand-bath at a gentle heat ; wash the dry 
residue with water, till the under^omposed terelik^rido of 
geld is removed, and adil a further quantily of aqua- 
regia to tlic residu(3, which consists of metallic gold 
and protochloride ; after solution, evaporate and wash 
as before, and repeat the process till the whole of the 
metal is obtained as neutral torehloride. Add the 
various liquors together, and then an excess of potassa, 
till there is a strongly alkaline reaction manifested on 
testing with tunneric paper. The menstruum becomes 
turbid, but before the teroxide of gold precipitates to 
any ajiprociable extent, chloride of barium is added. 
This causes the deposition of a canary-colored auratc 
of baryta. When the precipitate begins to present a 
whitish aspect, the addition of the chloride of barium is 
discontinued ; the aurale is washed by decantation till 
sulphuric acid fails to show that baryta is contained in 
the washings, after whi<;]i it is acted upon by dilute 
nitric acid, with llie view of dissolving out the baryta. 
To eficct tlie latter completely, it is necessary to raise 
the temperature to ebullition. As in the previous case, 
the nitrate of baryta is removed by decanting the 
liquor, and the several succeeding washings, till an acid 
reaction ceases to be discerned with blue litmus paper. 


In drying the precipitate, care is necessary, since at 
212® it partly decomposes. Figuieb recommends tile 
pressing of the matter between folds of bibulous paper, 
and subsequently exposing it in a dark situation to air, 
till the last traces of moisture are eliminated. 

Any gold which may be carried olV in the washings 
of the aurate of baryta, described above, is recovered 
by adding to them sulphate of iron, after their concen- 
tration and the removal of the baryta with sulphuric 
acid. 

The washings and solution from the separated tcr- 
oxide of gold may likewise be operated upon in a similar 
WM,y, only that it is necessary to remove the nitric acid 
before doing so. For tliis purpose, the liquid is eva- 
porated, and tlie residue boiled for some time with an 
excess of hydrochloric acid till nitrous acid ceases to be 
evolved. 

Fulminating gold may be prepared from recently 
precipitated teroxide, by keeping it in strong ammonia 
for about a day. A dark olive-brown compound is 
thus obtained. B]:RZKLit’S assigns to it the composi- 
tion An Oj, 2 NIi, 110, while Du.mas gives it as 
An N A’lT^ + d HO. The P^ditor considers tlio 
former the inorij simple ami probable view of its proxi- 
mate composition, that is, regarding it as a diaurate of 
ammonia, and not a nitride f)f gold. A similar deto- 
nating compound is obtained wdien the terchlorido is 
digested with an excess of ammonia ; this is the ordi- 
nary mode of procuring fulminating gold. It subsideb 
in the form of a yellow precipitate, the fulminating in- 
gredierit of w'liich appears to be identical with tluit 
obtained from the teroxide. This compound may be 
dried at 212®; but friction, or a heat suddenly raised f<» 
about 200®, produces a violent detonation. The best 
way is to dry it in the open air, and to make it only in 
small quanlities at a time. Fulminating gokl, however, 
lias no ap[)lieation in the arts, in which respect it dilfers 
essentially from the following. 

Purple of Cassim. — Wlien a mixture of proto- 
chloride and bi(*hk)rid(i of tin very much diluted, is 
added drop by dr»)p to a dilute neutral solution of tcr- 
ehloride of gold, a floccuicnt jairplc deposit takes place, 
wliich has been termed purple of Cassiusy from the 
circumstance that the method of preparing it was first 
described by Andreas Cassius of Leyden and lu’s son, 
in 1(385, under the name oUjold purple. It may likewise 
be preparcMl by fusing together 150 parts of silver, 20 of 
gold, and 35*1 of tin, and acting on the alloy with nitric 
acid, which dissolves out the silver, and leaves a purfdc 
residue containing the tin and gold. To prevent the 
oxidation of tlic tin during the fusion, the throe metals 
should be i)roje<‘te(l into a red-liot black-lead crucible, 
w'liirdi contains a little molted borax. Fuoiis states that 
the finest puiqde is produced by mixing a solution of 
sesquichloride of iron with aqueous protochloride of tin, 
till the yidlow color is converted into pale green, and 
preeijiltatiiig the gold solution with tlio mixture thus 
formed ; ho adds that Jlie protochloride of iron in the 
liquid docs not affect the product. This substance, in 
live moist state, is dark jp^ple-red, and after drying, 
brown. Its true nature and composition have given 
rise to much discussion. According to some aiithoritioa, 
it contains metallic gold with hydrated stannic oxide ; 
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according to others, tho gold is oxidized. Bekzetjus 
ooiioluded from the researches of M. Figuier, that it 
consists of a hydrated double stannate of gold and tin, 
as expressed by the formula, — 

Au 0, Sn Oa -f Sn 0, Sn Oj + 4 HO. 

It is evident, as Turner has remarked, both from the 
color of the compound, and its solubility in ammonia, 
that it is not a mechanical mixture of metallic gold and 
hinoxide of tin, nor can it well ho regarded as a chemi- 
cal compound of these ingredients, since no definite 
combinations of that nature are known to chemists. 
Tho more probable supposition is, that it is a hydrated 
double salt, composed of binoxide of tin as the acid, 
united with protoxide of tin and binoxide of gold as 
bases, in such proportion that tlie oxygen of tho gold 
exactly snfliccs to convert the protoxide into binoxide 
of tin. On this hypothesis, its composition would be 
expressed by the formula, — 

2 (Su 0, &>ii (g -1- (All Oy, Sii OJ -f- G HO. 

Purple, of Cussitis is decomposed by tlio acids, but is 
not changed by tho action of light. lienee it is some- 
what extensively employed in tlio arts, cliiefly for color- 
ing glass and porcelain. When mixed with a little 
borax or some fusible glass, and ajiplied to tho surface 
of china, it imparts to it a heaulifiil rose or a rich 
purple color. Its dillbrent ajiplicatioiis as a coloring 
Kiatorial have already h(3en explained in the articles 
Enamels and Glass. It is rornarkahle that the oxide 
of tin docs not appear to bo essential, since oven fmely- 
! divided metallic gold alone will give the same piir[)lo 
I hue. 

! Bunjos Lmtrc . — If finely-divided gold he heated 
I with sulphur in contact with carbonate of potnssa, a 
j double sulphide of gold and potassium is formed, which 
resists a red heal, and is very soluble in water. Tljis 
sulphur salt is likewise used for gilding porcelain, and 
produces the color known as Burgos lustre. 

Quantitative Estimation op Golo Oues and 
Alloa's. — In proceeding to determine tJie exact amount 
of gold present in au ore or allo}", it is obviously neces- 
sary to exercise the greatest caution in the sampling. 
Excellent advice on this i)oint is given by I)r, Piutry 
in liis admirable lecture on tlie metallurgical treatment 
and assaying of gold ores, dedivered at the Museum of 
Practical Geology. Careless sainjding, he remarks, can 
only mislead ; assays of individual specimens may ho 
accurate, but they arc worse than useless if the assayer 
lias not operated upon an average sample of the ore. 
lie therefore advises the capitalist, -to whom prospec- 
tuses of gold-mining schemes may bo submitted, not to 
bo allured with glittering specimens of gold ore, wdth 
assays yielding a high produce, and with the glowing 
Btatements of sangnine promoters or enthusiastic ad- 
venturers, without having ascertained on good evidence 
that tho samples which arc prcseulcd to his notice arc 
really average samples of tho ore, and that something 
like a continuous supply may reasonably be expected. 
If such specimens, he adds^o not represent an aver- 
age, they become what the^ornish miner calls slock- 
ingstmes^ which are at all times enticing and danger- 
ous to the inexperienced arid unwary, and never more 


80 than in tho case of aurifeirous ores. The sampling 
generally devolves upon tho miner, hut the assayer and 
metallurgist should likewise understand the business. 
Assayers of great experience and high integrity may 
occasionally, he adds, commit unintoiitional mistakes. 
Thus, a few years ago, two small pigs of lead from 
South America, very rich in silver, were offered for 
sola They were assayed by men of very liigh stand- 
ing. I’ortions hud been taken from the top and bot- 
tom of each j)ig, with a view to obtain a fair average. 
Dr. Percy had occasion to attempt to verify the report 
of the assjiyers. Portions were taken from the same 
parts of each pig as in the first instance ; but the re- 
sults did not agree with the report, nor did Dr. Percy’s 
assays agree with each other on taking fresh portions. 
It was therefore certain that the composition was not 
uniform, and tliat the portions taken for the purpose of 
assaying in neither case represented an average. The 
pigs wcie accordingly sent again to the same assayers. 
Each pig was melted Bcparately, and while melted a 
saini)le was taken. A seconil report was given, which 
diflercd from the former to the extent of one tliousand 
ouilces and upwards to the ton I In the sampling of 
gold ores most csjiocial care should be taken, as the 
precious metal exists irregularly difiused through the 
mass, in particles of very difiereiit size, and as minute 
errors iii sampling will necessarily be greatly multii)lied 
when tlie quantity of gold per ton is calculated from 
the assaying of, it may bo, five hundred or a thousand 
grants of ore. — Pei'cy. 

Tlie quantitative estimation may bo made, more or 
less curreclly, T»y one of four methods: 1. By deter- 
milling the specific gravity of tlio ore or alloy ; 2. By 
the touchstono ; 3. By chemical analysis, or the wet 
method of assaying ; and 4. By the metallurgical, or 
dry method y in whii.:h fire is the principal agent. The 
first two afluid only approximations, and the second is 
applicable only to alloys of gold; but hotJi be 
useful when circumstances romler imj^ossible or incon- 
venient the performance of an exact assaj" by tlie wot 
or dry met bod. 

1. Quantitative Estimation hy Specific Gravity . — 
It is evident that the liigh specific gravity of gold, in 
which it is exceeded only platinnin, not only affords 
facilities for soj)arating it, hy means of washing, from 
other matters, but also for estimating approxiinatively 
the amount in wliich it is picscnt in any ore or mineral 
of known composition. The nature of tho other ingre- 
dients being ascertained, and consequently their weight 
or specific gravity, tho additional weiglit must be due 
to the presence of gold, and hence its amount may he 
calculated. Unfortunately, this quantitative tost is 
rarely applicable to alloys, for experiment proves that 
an alloy composed of two metals has seldom a density 
corresponding to tho mean which should bo obtained 
hy calculation from the relative amounts and specific 
gravities of its constituents. Thus, it has been found 
that alloys of gold with zinc, tin, bismuth, antimony, 
or cobalt, possess a gi'eatcr specific gravity than the 
mean of the constituents, while alloys of the same metal 
with silver, iron, lead, copper, iridium, or nickel, have 
a specific gravity inferior to that of the mean. It will 
bo seen that in the latter category are imduded the 
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metals moat usually associated with gold, and hence it 
may be laid down as a general ride, that the specific 
gravity of native goldy containing an admixture of one 
or more of those metals, such as silver or copper, is 
lower than it ought to bo theoretically. The following 
experiments by Boussingault will show that a very 
remarkable discrepancy exists between the calcidated 
and true specific gravity qf a native alloy of gold and 
silver. In this case, three specimens of native gold 
were analysed, and their specific gravities, as found by 
experiment, arc subjoined to the results obtained by a 
simple tlieoretical calculation: — 


Gold, 

Silver, . . . . 


First 

Spocuin'ii 

8S'21 , 

11-76 . 


Second 

Spui’inicii 

. 7:i-4r) . 
. 26-55 . 

100-00 


Tljlrcl 

. (M-03 
. 35-07 


100-00 100-00 100-00 

CftlcTiUtcd specific gravity, ... .18-22 16-93 16-17 

Actual, 14-70 .... 12-66 .... 14-14 

Diflorcnce, 3-52 4-27 2 03 

It is evident, therefore, that an estimate formed from 
the actual specific gravities of these native alloys of 
gold, as found by c.\pcriment, woidd have given too 
low a figure for the amount of gold present. If w re- 
markahlcy however^ that these alloys acquire a hlyhcr 
sjiecijic gravity after heirig melted, TJius, the sjiecilic 
gravity of the first specimen rose, after fusion, to 18-10, 
or very nearly to what it ouglit to have been by cal- 
culation. Hence it may be assumed, that in artificial 
alloys, a nearer approximation would be obtained to 
tlic true value by this method than with nulivc alloys. 
At the sumo time, when, as in the case of Auslraruin 
gold, the metal is nearly pure, it is evident that the 
amount of it prosoiit in a piece of auriferous fpiartz, 
may be deduced with considerable accuracy from its 
specific gravity, and as the same method is calculated 
to allbrd a useful and convenient ajipjroximatiori even 
in estimating alloys, the modus opvrandi will be ex- 
plained. 



gravity, or its weight as compared with that of an equal 
bulk of distilled water; because, if this be no higher than 
that of common quartz, which is found by experiment to 
average 2 * 6 , it will be unnecessary to proceed furtlier 5 
but if higher, the amount of gold present may be cal- 
culated from the dificrcuce or excess. Now, tlie spe- 
cific gravity of a solid insoluble body, such as quartz, 
is very readily found by the hyilrostatic balance, which 
in its simplest form is a common pair of scales, with a 
horse-hair or fine thread attached to the under surface 
of one of the scale pans. This balance, in its most 
improved form, is represented in Fig. 231. The sub- 
stance of wliicli the specific gravity is required is 
weighed in air, and then, being attached to the hair or 
thread, is immersed in distilled w.ater at the tempera- 
ture of GO® Falir. aiuf again weighed. The difference 
of the two weights will h(‘ that of its owm bulk of water, 
and tlie specific gravity of the substance is the quotient 
of its weiglit in air divided by this diflerence. This 
nj(‘tliod of aseertainiug tlie specific gravity of irregular 
solids was one of the great di.sijoveries of AlicilIMEDES, 
and may bo thus cxiilainod: — Wlion a body is plunged 
beneath the surface of a liquid, it obviously displaces a 
bulk of such liquid equal to itself, and, consequently, it 
is pressed ujiward or supjioitod in the liquid with a 
force exactly ectiial to that with which the particles of 
the liquid were supportcil, when they previously occu- 
[iie<l its place ; the solid will therefore ajipenr to have 
lost weight exactly equivalent to that of the hulk or 
volume of liquid whieli it occupies. Supposing, there- 
fore, the weight of the auriferous cpiartz in air to be W, 
and its w'oight in water the dilfercneo, W — W', 
will represent the weight of an equal bulk of wat^r, 
and if S be the specific gravity of the auriferous quartz, 
or mixture of rock and metal: — 

^ “ W-Z\v- 

f laving thus ohtaiuod the wa'ight and si)ceific gravity 
of the compound, and knowing the specific gravity of 
the constituents, it is easy to calcu- 
late tlio amount or weight of gold 
present. Or, assuming G to repre- 
sent the weight of the gold, ami g 
the specific gravity of that rnetal; 
K the w'oight of rock or quartz, and 
r its specific gravity ; W the weiglit 
of the compound in air, and its 
weight in w’ater, as before ; then the 
weiglit of gold in the specimen may 
be found directly by the following 
formula: — 

and the weight of pure quartz, if re- 
quired, by this formula : — 


Taking for granted, therefore, that the mineral pro- 
posed to bo submitted to tins test is a piece of auriferous 
quartz — the first point to be detennined is ita specific 


When the gold ore is in the state of 
powdbr or small grains, a somewhat 
different process must be employed 
to obtain the weight of a Vblume of water equal to that 
of the mineral under examination. In this case, the 
instrument culled the specific gi’avity bottle, and repre- 
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2, is most conveniently einployGd. 
of a cylindrical bottle, -whidi may be 
gradnatod or not, and the stopper 
of which, nicely fitted by grinding, 
is so adjusted that it cannot sink 
beyond a line marked upon the neck 
of the phial. When the latter js 
filled with distilled water, and the 
stopper inserted, the suporfliioiis 
liquid escapes by a capillary tube 
which is formed in the stopper for 
that purpose, as shown in the figure, 
and thus the bottle is exactly tilled, 
and all air is expelled. Sucli bottles 
are usually made to contain j)re- 
cisely one thousand grains of dis- 
tilled water at the tem})orature of 
60^ so that when once filled with 
water at that temperature, the weight 
of the included liquid is known. 

I I To ascertain the specific gravity of an insoluble pow- 
I I der by this instrument, the jiowder is first weighed in the 

i j air by moans of a delicate balance, and its weight noted. 

I j It is then introduced into the bottle of distilled water, 

i I from which, when the stopper is inserted, a portion of 

I I liquid will escape, precisely equal in volume to that of 

i I the mineral introduced. The bottle, containing the 

I water and mineral, is now carefully wiped dry, and 

i weighed — a counterpoise equal to the known weight 

: of the bottle having been previously placed in one of 

i ' the scales. The weight found will evidently he that 

j I of the whole water and mineral together, minus the 

I * weight of a volume of water equal to that of the 

1 j mineral. If, therefore, M be assumed to represent the 

; weight of the mineral in air, W the weight of water 
I which exactly fills the bottle, and W'' I lie weight of 

i water and mineral in the bottle, it is e\ndent that 

! , M + W — W' represents the weight of water wliich 

has been displaced by the mineral, or in other words, 
the weight of a volume of water c<iua] to its own bulk. 
Uence tho specific gravity, S, of the ininoral, or its 
I weight in air, in terms of an equal hulk of distilled 
w\ater as unity, is found by this formula: — 

Q - 

~ M -f W — \V' 

Suppose, for example, that the substance to he exa- 
mined resembles gold dust, and that it is found to 
weigh in air 160 grains. Lot tlio bottle be assumed to 
contain exactly 1000 grains of distilled water, and when 
a portion of this is displaced by introducing tho hojivier 
mineral, let tho weight of the contents of tho phial bo 
* 1140 grains. In this case, M = 150, W = 1000, and 

W' = 1140. Hence, M + W — W' = 10; and, 
consequently, by the preceding formula : — 



instead of 19-6, tlie specific gravity of pure gold ; from 
which it may bo inferred that a considerable amount 
of the prccioOB metal is present, though very far from 
being in a state of purity. The absolute amount of 
gold can only be estimated, provided tho nature of tlic 
substances with which it is associated is known. 

Tho trouble of weighing the contents of the botUo 
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may be entirely avoided, and thus the operation aim- | 
pliticd, by employing a modification of the same vessel | 
provided with a narrow neck graduated to grains of 
distilled water, which will show at once the amount of i 
liquid displaced. A jdiial of sufficient capacity to con- 
tain not more than from 150 to 200 grains of water, 
will generally be most convenient for this purpose. 

2. Quantitative Estimation hy the Touchstone * — 
Another method of estimating approximatively the 
amount of gold, not in auriferous ores, but in native 
gold or artificial alloys, is hy tho use of the touchstone 
— a method wliich may ho practised with considerable 
advantage, when the apparatus and reagents necessary 
for the carrj'ing out of a complete assay cannot he 
conveniently procured. It is more especially appli- | j 
cable to the estimation of trinkets or other finished ' | 

articles, which could not he submitted to the assaying j | 

processes, eitlier hy the wet or dry method, without ' i ! 

destroying them. ■ | ! 

The touchstone test essentially consists in rubbing 1 1 ' 

some convenient part of the object to he examined on ' ^ 
a smooth piece of black basalt or pottery, which for i i 
this ‘reason is termed the toucMstone, and comparing i 1 ' 

tho marks so formed with those produced hy one or 1 1 : 

other of a series of small bars or needles, consisting of | ! | 

allo 3 ^s of gold with silver or copper in known proper- | j ' 

lions. The material commonly employed as tho 1 i 

touchstone, and generally known by that name, is a j 
species of quartz, colored dark by bituminous matter, i 
and ^'f which largo quantities are found iu Saxony, ; | 
Bohemia, and various other localities. Black flint j , 
slate will serve the same purpose. The sets of needles i i 
or bars may vary from pure gold, through a well-gra- | , 
duated proportion, to c<pial ]»art8 of gold and silver, 
equal jiarts of gold and copper, or various mixtures of | 
all tliree metals in determinate quantities. The fine- | 
ness of each bar is marked in carats — a mode of valua- ; j j 
lion which has been already explained. I i 

In pre>cecding to make an assa^^ hy this method, tho : i ' 
first streak obtained by rubbing the object to ho cx- j j | 
amined on tho touchstone cannot he safety employed i 
to ascertain its composition, if it ho a manufactured 
article, because, h}^ a process previousl}'^ described, tlic 
surface of jewellery is invariably rendered of a higher 
standard than that of tho mass. The object must 
therefore be passed once or twice over the back or 
edge of the stone, in order to remove the superficial 
film of richer metal, hi'Tore making the streak from 
whiiffi its quality is to be judged. Other streaks are 
then lUcade successively with two or three of the needles 
wliich tlie assay er, guided hy experience, considers to 
approach nearest in composition to the article undei 
examination. In doing so, he compares not only the 
color of the streaks made upon the touchstone, but 
likewise the sensation of roughness, dryness, smooth- 
ness, or greasincBS which tho texture of Uie rubbed 
metals excites when abraded by the stone. When he 
succeeds in obtaining with one of his needles a streak 
which is perfectly similar in appearance to that pro- 
duced by the article which forms tlie subject of experi- 
ment, ho then moistens both streaks with nitric acid, 
which will affect them differently if they be not similar 
compositions* That which has the least gold will bo 
2 A> 



sented in Fig. 23 
It usually consists 


Fig. 232. 
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most aftected; on the contrary, if the gold bo pure, 
the streak will remain unaltered. If the actions do not 
correspond, his experience will enable him to judge in 
what they differ, and will direct him in selecting another 
ncodio to submit to the same comparative test. When 
one has-been found which agrees satisfactorily in all 
particulars with the metal submitted to examination, 
the latter is assumed possess a similar standard of 
fineness to that which is indicated by the mark on this 
particular needle. 

Nitric acid of specific gravity 1*20 is commonly om- 
; ployed in this operation, wdtli sometimes an addition of 
! I about two per cent, of hydrochloric acid. Altliuugh the 
J j results obtained cannot be relied on where absolute ac- 
curacjy is re(p fired, yet they afford a useful approxima- 
I tion, not only in estimating the value of manufaetured 
1 articles which cannot be submitiod to a regular assaying 
i process, but also in obtaining that pnjliminary know- 
ledge of the general composition of an alloy, which is so 
important to the assaycr in proceeding to a detailed 
anal^^sLs. The touchstone is therefore of great use in 
practised hands, but it is of little avail in the hands of 
i an mcxperieuced operator. 

i 3. Qaciiilitiitioe KHioiation by the Wet McUtocl — 

I Amilysh, — However useful the appruxiinaiions ob- 
: taiued from the specific gravity of an auriferous ore, or 

I j the ap[)lication of the touchstone to an alloy of gold, it 
i is evident that more exact methods are required to 
1 dclcrnfiuo with absolute precision the value of an alloy 
; 1 or ore of this precious metal. Accordingly, tbore are 
I ' two methods by which the assaying of gold ores or 
1 alloys may bo conducted with perfect accuracy, and 
I these are distinguished as the wet or dry method, 

' according as the agency of licpiid solvents or that of 
I fluxes and fire is employed. For practical purposes, in 
I the determination of gold, the latter process is always 
j adoj)tcd, although in the final soiiaration of the silver 
j oven tlie dry method, as now practised, involves the 
! application of a li(piid solvent. 

I The principles of the quantitative estimation of gold 

I I by tlie humid method have been already ex])Iainod in 
j I detailing the laboratory process for the ])rcpa ration of 
1 1 pure gold, and in describing the application of the tests 

j I or reagents by which its presence is detected. It is 
j evident that any of the (lualiUitive tests wliich result in 
precipitating the gold from its solution in aqua regia, 
such as protosulphatc of iroT), may be converted into 
the means of obtaining a quantitative estimation, by 
j simply weighing the amount of ore or alloy on which 
i tlie experiment is performed, and then weighing the 
I ' amount of pure gold, carefully washed and dried, which 
is obtained in the form of a precipitate. It will there- 
fore be unnecessary to enter into minute details on the 
chemical principles involved. 

It may be stated, however, that if the substance to 
bo examined be a natural or artificial alloy, composed 
chiclly of the pure metal, such as the gold dust of 
California or Australia, the quantity taken for the 
analysis should not exceed fifteen grains, A con- 
venient quantity is twelve and a half grains, as it is 
then only necessary to multiply the result by eight to 
obtain the ])or-centago composition. In performing 
analyses very small quantities are taken, because it is 


Analvsis. 


easier to operate upon a few grains than upon a large 
mass ; the effect of the reactions is more rapid ; there 
is less waste of materials ; and as accurate results can ^ 
bo obtained with a small as witli a largo quantity, pro- 
vided sufficient precaution be taken to operate upon an 
average sample. If the gold be mixed with eartliy or 
quartzose matter, so much of this should be taken as 
may be judged, from preliminary experiments or other 
sources of information, to contain the amount of native 
gold above-mentioned ; and this must be triturated 
in a mortar with groat care before subjecting it to the 
action of the aqua regia — a precaution of less impor- 
tance in merely testing i‘or gold, but absolutely neces 
sary and essential when it is required to ascertain Dm 
exact amount of the precious metal present; for, unless 
the quartz be reduced to a state of the mcjst minute ! 
division, it is evident that much of the gold remaining i 
enveloped in the quartz will escape the action of the i 
ucitl. I 

Whatever the precise amount taken, the ore or alloy j 
to 1)0 examined must bo weighed with extreme accuracy, | 
and tiifiu introduced into a Florence flask or any other j 
convenient glass vessel for boiling liquids. Supposing ; 
the compound to contain from twelve to fifteen grains j 
of native gold, about an ounce of aqua regia is now j 
poured uj)on it ; the flask is then placed on a retort- | 
stand or sand-bath, and the mixture is allowed to digest 
at a moderate heat for about half an hour. At the 
end of that time the gold will bo completely dissolved, 
and the silver, if any bo present, will be found in the 
form of an insoluble chloride, mixed with the silica at 
tlio bottom. Tho boat may then be increased under 
the flask, and the solution boilcil off until it is diminishe<l 
to about an eighth or tenth of its original quantity. At | 
tho same time a little hydrocliloric acid should ho i 
added occasionally for tho purpose of expelling or d('- ! 

composing the nitric acid, the presence of which is j 
injnrions in the after part of Die process. The nd(liti< n i 
of a little carbonate of soda will servo the same pin - ; 

pose. Tho reader will recollect that tho function of I 
tho nitric acid is merely to liberate the chlorine, which | 
is the real solvent of gold. I 

When the evaporation lias been earned sufficiently 
far, three or four ounces of water should be added, 
after wliieh the contents of tho flask must be allowed 
to remain in jierfect rest until tlio uridissolved matter 
has completely subsided, and tho supernatant fluid is 
quite clear. The latter is tlicn to be carefully de- 
canted or Altered off, and to the residue about an ounce 
of fresh water must be added, left to stand till clear, 
again decanted or filtered ; and this operation repeated 
five or six Dmes, alw’ays adding tlio later washings to 
the first portion of fluid. The solution of gold now 
obtained will be very dilute. Add to it, therefore, a 
few (Iroj)s of hydrochloric acid, and then introduce tho 
protosulyliate of iron, wdiich, when the liquid is well 
stirred, will speedily precipitate tho whole of the gold 
in the form of a brown powder. If oxalic acid be usorl 
for the same purpose, the liquid ought to bo boiled. 
When Die whole of the precipitate appears to have 
settled to tho bottom, a few drops of the clear super- 
natant liquid should be taken out on the end of a rod, 
placed upon a surface of clean white porcelain, and 
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tested with a drop of the solution of prolochloride of 
tin. If no purple precipitate bo formed, it is a proof 
that the whole of tlio gold has been thrown down. If 
a dai'k brown coloring, but still no subsidence, be pro- 
duced, this will indicate the presence of platinum. If 
any precipitate bo observed, more of the sulphate of 
iron or oxalic acid must be added to elFect a complete 
precipitation of the gold contained in the solution. 

When the pulverulent gold has entirely deposited, 
the liquid must bo decanted or filtered off with the 
greatest precaution. Caro must bo taken that not the 
Binallost particle of the gold powder is allowed to pass 
away witli the liquid. A little hydrochloric acid, 
which must be quite free from any admixture of nitric 
acid, is then to bo poured upon the precipitate. This 
will remove any iron or other metallic impurities with- 
out dissolving the gold. The latter is then to be 
washed, at least six times, with siiccClisive portions of 
distilled water ; and lastly, it is transferred to a small 
])orcelain or platinum crucible, in which it is heated 
over a spirit lamp, till the last portions of water arc 
expelled. It ought, in fact, to b{3 raised to a red heat, 
or even to bo fused with a siu.d! quantity of borax and 
nitrate of soda, as formerly recommended, to expel tljc 
last traces of chloride of silver. 

TJic pure gold thus obtRined is then to bo placed in 
a watch-glass or small capsule, and accurately weighed 
in a pair of delicate scales, which should bo capable of 
turning with a difference of at least ono-hundrodth part 
of a grain. Instead of first counteri)oising the dish or 
capsule, and then adding weights to counterpoise tlie 
gold, it is better U) begin by placing the capsule cwi- 
tainimj the (joUl in one j)an, and counterpoising both 
by means of sand, or some other convenient material 
placed in tlio other. The gold is then removed from 
the dish, and weights put in its stead sufTieionl to ro- 
Htoro the equilibrium. The iniinber of grains and 
fractions of a grain required for this purj)OSO will 
accurately represent the weight of the gold ; and in 
tUia method of wdtjhiiuf by substitution^ as it is termed, 
any risk of error arising from tlio i)o.ssiblo inequality in 
length of the two arms of the balance will bo entirely 
avoided. 

Supposing the gold to weigh exactly 10-75 grains, 
and that the amount of alloy submitted to experiment 
was 12’5 grains, or the eighth part of one Imndre^l, it 
is evident that 10-75 X 8 = 8G is the pcr-ccntagc of 
pure gold present. 

4. QmiUilativc Esliitmthm by the Dry Method — As- 
saying , — The fourth and last mctlujd of estimating the 
amount of gold in an ore or alloy, is by the use of 
flaxes and fn e. It is therefore termed tlio dry method^ 
and formerly even the separation of the "^silver was 
effected without a liquid solvent, by one or other of the 
dry proocsBcs described in connection with the operation 
of parting on the largo scale ; but now the ^^gency of 
an acid solution is employed in the last part of the pro- 
cess. 

This metallurgical method, to which the name of 
aseaymg is strictly confined, w'hon not otherwise ex- 
jwessed, is that uniformly practised at the Mint, and 
other rognlai’ assaying establishments, being not only 
more expeditious than the^ -wot method, but admitting 
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of a greater number of assays being conducted simul- 
taneously. Tlie wet method is useful for special or 
occasional assays in the laboratory, where assaying 
furnaces, cupels, et cetera^ cannot be kept constantly in 
requisition. On the other hand, the dry method is the 
best where assaying is practised as a business, and 
where all the apparatus required is th(3rcforc in constant 
efficiency. This method consists in the following pro- 
cesses: 1. Fusion, to separate earthy and other gross 
impurities, whicdi may be either performed in a crucible 
by means of oxide of lead, or by the method of scarifi- 
cation with metallic lead. 2. Cupellation, to remove 
the copper and other base metals by oxidation and 
absorption. 3. Parting by inquartation, or separation 
of tlie silver from the gold, by dissolving the former 
metal in nitric acid. 

From this enumeration of the dilfcrcnt ox>crations 
which constitute the process of assaying by tlio dry 
method, it will bo seen that tins i)rocess is notbing more 
tliari a miniature rcpi-esentation of the smelting tmd 
refining operations already described. It will Iberefore 
be wnnecessary to explain the principles on whicli tliis 
important department of tbc subject is founded, as those 
already enunciated in referenoe to the smelting and 
refining of gold ores, aj>ply equally to the assaying of 
these ores, as well as of artificial alloys. The principal 
dilference between the two cases consists in the fact, 
that the assaycr operates upon a few grains instead of 
large quantities, while, at the same time, lie must 
exercise the utmost precaution in attending to tlio 
weight and proportions of his materials, 
j Fusion with Oxide of Lead, — Assuming, as before, 

I that the ore to be assayed is gold quartz, it must fust, 
as in all other cases, be reduced to a fine powder, by 
triturating in an iron mortar. This operation is mucli 
facilitated by healing the quartz to redness, and plunging 
'it in cold water. Having pulverized a few thousand 
grains, it is usual to make at least two aBsa 3'8 of the 
sarnjde, to test tlie correctness of the result. For each 
of these weigh five hundred or a tbousaTul grains, 
according to the richness of the ore, and mix intimatel}^ 
on a clean surface of glass, or highly-glazed WTiting 
paper, with about the same weight of litharge or red 
load, half the w^eiglit of dry carbonate of soda, and five 
per ei'iit. of finch^-powdered charcoal. The iweciso 
(piantities are not very important; but it is better that 
tlio carbonate of soda should be in excess, than that it 
slfould fall short of the above propoi tion. This mix- 
ture is introduced into a Cornish or black-lead crucible, 
of which it should not fill more tliau tvvo-thirds the 
capacity ; it may then be covci-ed with a tliin le.yer of 
borax, and is afterwards fixed solidly in the assay- fur- 
nace, by surrounding it with fuel. 

Furnaces proper for assaying are of several different 
kinds, and tlie required temperature may be obtained 
in them either by supplying an artificial blast of air by 
some blowing apparatus, or by connecting the furnace 
with a chimney sufficiently high to establish a strong 
natural drauglit. When the materials for its erection 
can be obtained, the ordinary wind-furnace is to bo 
preferred. This is represented and fully described, in 
connection with the assajdng of copper ores, at page 
498, vol. I., to which the reader is referred. For the 
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travelling assayer, however, a purtabio apparatus is 
required, and in this respect Selfstkom’s blast-furnace 
offers peculiar advantages. This consists of two cylin- 
ders of sheet-iron, placed one within the other, as 
represented in the annexed drawing. Fig. 233. A 
represents the outer cylinder, which answers the pur- 
pose perfectly well when not larger than a man’s hat; 
and B the inner one, lined with a coating of fire-clay 
about an inch in thickness. Both cylinders arc pro- 
vided with a bottom, and are fixed together at the top, 
air-tight, by a horizontal hoop or flat ring of metal, E E, 
in such a way as to leave an equal space, c (.*, between 
their sides and bottoms. The interior cylinder, B B, is 
pierced at about the middle of its depth with eight 
holes, D D, which pass through the lining of fire-clay, 
and all point to the centre of the furnace, where the 
crucible, ii, is placed on a piece of fire-brick, kept in 


Fig. 203. 



I I its position by a little fire-clay, and suiToundcd with 
I ; fuel. For a small furnace of tJiis kind charcoal must 
I I be employed as fuel, and sliould he broken into pieces 
I about as large as a walnut. The air is blown into 
. the opening, F, hy means of a double-action bellows ; 

I I or a simple rotating fan, like tlmt employed for do- 

I I i mcstic fires, may be used. By tin's means the air is 

compressed into the space C, where it is pailiully 
; heated, and is thence driven in a steady equable current 
i through the holes i) i), into the cavity of the furnace. 

I The heat which may thus be produced with a furnace 
, I liaving an internal diameter of not more tlian six 
1 inches, is so intense us to be capable of melting man- 
; ! ganese, or several ounces of ca.st iron, with the greatest 

i I ; ease. 

, ! I To proceed with the fusion. It has been stated that 

the mixture ahove-rneiitioned, when introduced into the 
I crucible, should not fill more than two-thirds of its 
capacity. This precaution is necessary on account of 
the effervescence which will take place, owing to the 
' displacement of the carbonic acid from the carbonate 
of soda by the silica, and the combination of the 

carbon with tlie oxygen of the litharge. The heat 

is continued till perfect fusion is elTected, and towards 
tlie last the temperature is raised to bright redness, 

, until no further etrervesceiice occurs, and a clear liquid 
I homogeneous slag is obtained. The crucible must then 
I be immediately removed from the lire, otherwise the 
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unreduced litharge would be liable to cut through the 
pot; and as dexterously and rapidly as poseiblo, the 
slag, which constitutes the upper portion of the con- 
tents, is poured into one of the two hemispherical 
cavities of a cast-iron ingot-mould, Fig. 234, and then 
tho lead, with adhering 
slag, into the other. If 
any particles of lead are 
found attached to the slag 
which is poured into the 
first cavity, tliey must be 
carefully separated hy 
trituration and washing, 
and added to^e button of lead in the other cavity. 

The latter is then tak(Ui out, and struck carefully on | 
the side, on a bright anvil, with a hammer, to detach 
any portions of slag that may still adhere to it Some- 
times the crucible is broken to extract the button of j 
lead, but this may he avoided hy the metliod above 
described, if executed with sulficicnt dexterity. Tho 
whole of the gold, with any silver that may be present, | 
remains in tlie lead, which is then subjected to the pro- 
cess of ciipellation. 

Tho proportion of oxide of lead to be used in the 
fusion will necessarily vary with tlie amount of oxi- I 
disable suhstanees picsent; but this compound should in 
all cases be added in excess, since, if the slags retain 
any traces of an alkaline sulpliide, these will retain a 
part of tlie gold. Piiillifs states that for tho assay of 
iron pyrites about thirty parts of oxide of lead are 
necessary, wliilst fur mispickel, zinc blende, copper 1 
pyrites, grey cobalt, and snlphide of antimony, from 
fifteen to twenty -five times their weight only may be 
employed. When auriferous pyrites is the subject of 
examination, it must first bo reduced to fine powder, 
and then roasted in a shallow dish of refractory clay, 
heated to low redness in a large iiiulUc, unty the odor 
of burning sulpliur ceases to be evolved. As the 
sulphur burns away, the tempcraiure is gi*adually raised 
to bright redness. The pyrites is thus converted into j 

oxide of iron. Of tliis product one tliousand grains or j 

more may be taken, and mixed with five hundred of i 
dry caihonate oi soda, three hundred to five hundred of 
litharge or red lead, with five per cent, df charcoal, or i 
the saiiK! quantity of granulated metallic lead without 
charcoal, and lastly, about five hundred of dried borax. 

This mixture is heated, introduced into the crucible, and 
fused as for (juartz or other common ores. The fuel 
should be either charcoal, coke, or anthracite. For 
small portable furnaces, such as Selfstiiom’s, charcoal 
is employed, but anthracite is found to he well adapted, 
for tho air-furnace, and is characterised by the power 
of producing an intense heat in a short time, over a 
space confined to a few inches above tho bars. 

The principal objection to this method of assay is 
the large ^mourit of lead which is produced for cupel - 
lation, since pure iron pyrites affords, when thus treated, i 
eight and a half parts of lead, whilst sulphate of anti- I 
mony and grey copper ore yield from six to seven parts. 

This incoiivoniencc, as well as the trouble of roasting, i 
may bo avoided by the cautious and gradual addition 
of nitrate of potassa, which effects the partial oxidation I 
of the mineral, and enables tlie skilful assayer to pro- ] { 
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euro a metallic button of almost any required weight. 
The nitre, however, if employed in excess, would de- 
termine the oxidation of all the metallic and combus- 
tible substances contained in the mineral, except the 
gold alone, which is never present in sufiicient quantity 
to form a button. The exact amount of nitre to be 
added must deiKjnd on the nature and richness of the 
ore. As a general rule, it may bo stated that two 
and a half parts of nitre are sufficient to completely 
oxidise one part of iron pyrites, and that one and a 
half and two-thirds their weight, in tlio case of sulphide 
of antimony and galena, are sufficient to produce the 
same effect on these ores. 

Alloys of gold containing tin and ;;; 2 flSl^must likewise 
be fused, before cupellation, with nitrate of potassa, to 
oxidise these metals; and by adding about sixteen parts 
of lead, when the mixture is quite melted, they are 
separated in the state of slag or scoria, leaving, as 
before, a button of lead containing the whole of the 
I gold, which is now ready for being cupelled. But 
' before describing this part of the assaying process, the 
! method by scoriticaiion, win'ch is often preferred to 
I that of fusion with oxide of lead, will bo briefly ex- 
plained. 

Method by Scorifioaiion. — Scorification, or, in other 
words, the conversion of the silica and other impurities 
into a scoria, is simply another mctliod of fusion, in 
whieh, however, metallic lead, instead of its oxides, is 
employed ; and the oxidation of the various substances 
to be removed is produced by the aid of atmospheric 
air, whilst the litharge necessary for the fusion of the 
earthy and silioious mutters is formed by the oxidation 
of a portion of the metallic lead. For this operation, 
instead of a crucible, a shallow oup-like vessel, termed 
a scarifier, is employed. This vessel, Uio form of which 
i is reprc.scnted in Fig. 2ii5, should 

I Fiij. 2;J5. niade of refractory clay, and 

' be as compact in sti’uclure as 

})ossiblc, in order to resist the 
corrosive action of melted li- 
tharge. The scorifier witli its 
! contents is boated in the muflle of an ordinary assay- 
1 furnace, and as many assays may be iiitiodnced at one 
time as there is room for in the raiifflci. 

A very convoniont furnace for this purpose, as well 
as for the subsequent process of eii[)clliition, is shown 
in elevation and vertical section in Figs. 236 and 237, 
and the form of the muflle is represented in Fig. 238. 
Tliis last apparatus is a small arched vessel of fire-clay, 
closed at one end, and furnished with small lioles or 
perpendicular slits in the sides an<l closi^d extremity, to 
allow of the free circulation of air ilirongh the in- 
terior. It is introduced by the opening, A, into the 
furnace, wliich is made of sheet-iron lined with fire- 
clay; and when adjusted in its place — as shown in 
Fig. 237 — it is supjiortcd at one end by a shelf at tlie 
l^ck of the furnace, while the other or open extremity 
exactly fits the opening, A, to the sides of which it is 
carefully luted by a little moistened fire-clay. In this 
position it is surrounded with ignited fuel, by which it 
is equally and readily heated on all sides ; while the 
openings iu its end and sides admit of the passage of a 
ouiTont of air into its interior, and the draught is kept 


up by tl )0 addition of a long chimney or funnel, f, so 
that the muffie is constantly traversed by a highly 
oxidising current. The ledge around the chimney is 

FIjj. 23G. rig. 237. 



inleiided for drying the seorifiers or cupels before intro- j ; | 
ducing them into the mnffic. In lighting the furnace, ! | . 

a little ignited charcoal is first introduced by the o[)on- | j 
ing, c, and llio body of the furnace above and below j | 

j; 


the muflle is afterwards w^ell cliargcd willi the sanio 1 1 } 

fuel, or with good hard coke broken into small pieces. | , j 

The whole of the openings are then closed by means ! j 

of their slides or lids, with the exception of the | 

aslipii, D, whieh is left open to supply the requisite j 

draught. ! 

Before introducing the ore into tiio scoriiiers, it is j 

reduced to j)o\vdcr, and a di'terrnined weight of it is ' 

intimately mixed with several times its weight of j 

finely-granulated lead, free from silver. The seorifiers i | 

charged with this mixture are tlieu placed in tlio ' i 

mndle, and the door at the mouth being closed, | 

they are strongly heated in the muffle during a ! 

quarter of an hour. By this time the lead will be 
completely melted, and the mouth of the muffle is l 
again ojicned. The scorifying process now proceeds in 
consequence of the current of heated air which passes j 
tljrougl) the muffle ; in oilier words, llie load is oxidised, ; 
and the foreign mebUs present, whether in combination | j 
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^viLb sulphur or oxygon, aro attacked and dissolved in 
tho litharge in proportion as this oxide is formed. At 
first tho slags aro frequently solid, but gradually become 
soft, and more and more liquid in ])roportion as tho quan- 
tity of oxide of lead increases. Towards tho conclusion 
of tho operation, the muffle is for a short time strongly 
lieated to render tlic slag or scoria comjjlctcly liquid. 

I When a small iron rod, previously heated to redness 
and then placed in the mixture, is found, on being with- 
drawn, covered with a slight film of scoria which runs 
clean off, the scorification is known to be sufflciently 
advanced. The scorificrs arc then successively with- 
drawn from the muffle by means of tongs, and the con- 
tents are rapidly poured into a circular ingot-mould of 
the form represented in Fig. 23 L When cold, tho ad- 
herent litliargo is detached from tho button of load by 
a few blows with a hammer. Tliis button contains all 
I the gold and silver which may have been present in 
! 1 the ore, and which arc subsequently separated from the 

, 1 1 load by cupellation. 

I ! If tho ore is poor, tho whole of the precious metals 
I j contained in a largo quantity may be concentrated in 
I one small button of lead, l)y repeating the process on a 
j I fresh portion of oro mixed with a suitable quantity of 
lead, and introducing into this assay the button first 
i ' obtained. A second button of tho same wcjght as tlie 
j ; , first, and containing all the precious metals from tlie 
I 1 1 two quantities of ore, will thus be procured. The same 
' ; process may be repeated a third, fourth, or any num- 
ber of times, till tho button of load last obtained bc- 
1 comes as rich in the precious metals as may be required. 
,1 It is necessary, however, that a certain ainount of load 
I ; 1 should be present, with a view to tho next pi ocess, that 
j I i of cupellation. In many cases much as eiglit times 
■ ; ! tho weight of tho ore is cm['!oyod, hut the hultoii may 

j ' be reduced by a single operation to one-sixth or cv'en 
; 1 to onc-cighth of the original lead. Indeed, it is tho 


moistened bone-earth into a mould, which consists of a 

short, stout cylinder, A — Fig. 239 — eitlier of cast-iron or 

gun-metal, open at both cuds, and having the diameter 

of the cavity somewhat greater at the 

top than the bottom. Its usual dirnen- 

sions are as follow : — Interior diameter 

at top, one and nine-sixtecntlis of an 

inch ; interior diameter at bottom, one HjW 

inch and a half; depth, two inches. 

To make a cupel, the cavity is nearly 

filled with bone-ash, wdiich is first com- 

pressed slightly with the hands, and 

afterwards by means of the plunger, n, 

which is f( >rniii of the same metal as (jBBB 

the mould, and has tlio lower end BH|B 

turned convex, so as exactly to cor- 

respond to tlio concave surface of the 'BH||||^^ 

cupel. When the plunger is introduced, 

it is struck several times with a rnallot till the bone-ash 

is well consolidated. The plunger is then withdrawn, 

and by inserting at the lower and smaller end of the 

mould a solid wooden cylinder, wliich 

exactly fits the aj^erture, tho cupel is riR-240. 

readily forced out, and is then placed 

to diy on the ledge wliich surrounds 

the furnace chinmey — Figs. 23C and 

237. Tho diameter of tho ciipol — Figs. 

240 and 241 — is about one inch and a 
hair, and its cup-liko cavity is very 
shallow, being not more than tlirce- Fig. 24 i. 
fourths of an inch dec‘p. 

Cupellation, like the process last described, is per- 
formed by means of a uiufile, Fig. 238. When the 
inutile has become red-liot, six or eight cupels aro suo- 
ccsaively introduced into it, by a pair of light tongs of 
the form represented in Fig. 242 ; and to prevent tho 



liighest recommendation of this process, as com- 
pared with the metliod by fusion with litliargc, that 
however Bttiall may be tho proportion of lead, the 
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slags produced never contain any oxy-6ulphidf‘s at tlie 
close of tho operation, and, therefore, they seldom rt tain 
the slightest trace of cither gold or silver. The pi ocess 
of scorification has therefore been justly cliaraclcrizcd as 
one of the most exact methods that can be employed 
— simple, efibetive, and apjdicable to the assay of all 
Itinds of auriferous and argentiferous ores, without ex- 
ception. 

Cupellation of the Amty , — The process of ciipella- 
tiori on the large scale has been already dcsciibod. 
When applied to assays llie princij)lc is the same ; but 
in tliis case tho whole of the melted litharge and other 
oxidised matters arc removed by absorption into the 
cupel ; whereas it has been sliown that, in operating on 
large quantities, the cupel is soon saturated, and the 
greater part of tho litharge and other oxides arc allowed 
to run away, or are expelled by the current of air which 
exerts tho oxidising action. 

The cupels for assaying purposes arc formed of the 
same material as those employed for refining on tlie 
largo acule, and described at page 284 ; but they are 
necessarily much smaller, and aro considerably simpler 
in the manufacture. They are made by pressing the 


floor of tho muffle being conoded should any of tlio 
oxide of lead lie spilt on it, it is prdviously covered with 
a Ihiii layer of pounded boiio-ath. In the furnace of 
the Mint, the number of assays that can bo made at 
one tinio is forty-five, and tlio same number of cupels 
arc put into the muffle. When the cupels are intro- 
duced, tlie door of tlie opening into the muffle is closed 
for a few moments, while the draught-hole of tlio fur- 
nace is kept ojieri till the cupels aro raised to tho 
teniperaturo of the muffle itself. The slide is Ujen 
withdrawn, and into each of tho cupels is introduced, 
by a pair of slonder tongs, u button of the alloy to bo 
assayed. 

By the previous process of fusion with litharge, or 
that of scorification, if deemed prcforablo, tho earthy 
impurities have bocu removed in tho form of slag or 
scoriae, and nothing now remains but tho gold, or a 
mixture of gold and silver, in combination with tho 
lead and any other metals tliat may be present. Tho 
process of cupellation, as previously shited, consisls in 
tho oxidation of the lead and other oxidizablo metals, 
and their absorption by the cupel. It is, in fact, a 
condition essential to tho Buccese of the aesaying pro- 
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cess that the whole of the oxides should be imbibed, 
and thus removed. But the power of absorption in a 
cupel varies according to its texture, and the care witli 
wWch the material has been prepared, Oif an average, 
it may be calculated that it will absorb about its own 
.weight of fused litharge. This, though not strictly 
correct, will afford a general guide to the experimenter, 
as regards the amount of lead which ought to be mixed 
with the assay. It is evident, on the one hand, that 
this must not exceed the absorptive power of the cupel. 
On the other hand, the actual amount, within this 
limit, must depend on the nature of the compound or 
alloy upon which the cui>ellation is to bo performed ; 

1 but supposing that the subject of as*y is an alloy of 

I gold and copper, the following table will give the 

I quantity of lead required for the separation of the 

I copper. In treating an alloy of gold and silver with 

copper, the quantity of lead may be somcwliat dimi- 
nished ; but, in cupelling an alloy of copper Avitli gold 
alone, a small excess of load is not injurious, as, in 
I consequence of the gold not being volatile, like silver, 
the heat can be raised and sustained for any required 
length of time, so as to oxidize Iho last portions of lead. 
In this table, which is adapted by Mr. T. W. Keates, 
from one given by Beiituier for the assay of silver — 
the proportion of hiad bcHng altered to render it appli- 
! cable to the cupellation of gold— tho first two columns 

I express respectively the quantities of g<*M and o( 

coi>pcr, and tho third column the parts of load by 
weight required for one part of the alloy, according tu 
its eomposilion : — 

i i ATJoy 


Quiinlify of 

1li<1t V 1)1 

Pri)p<)rH<in ol'luitl 


Ol'lJplT. 

II rpii.i il 

IDUO ... 

0 


U;>() ... 

f>0 . . 

... 1) 

000 . , . 

100 

14 

• 800 . . . 

200 

. . .. 20 

700 ... 

;i00 

24 

OOO ... 

400 .. . . 

28 

r»oo ... 

TjOO 

32 to 85 

400 ... 

000 

32 to 35 

300 ... 

700 

32 to .15 

200 ... 

. 800 


100 ... 

000 

82lo35 

0 ... 

. . 1000 

32 to 35 


j It must be observed that the numbers in llie third 
I column indicate multiples of one part of tho alloy. It 
may appear surprising that, at and below the point at 
which tho alloy contains etpial parts of gold and copper, 
tho same proportion of lead is required, whatever may 
ho the proportion of the copper. This fact, hoAvever, 
has been fully verified by experience. It requires, in 
short, as much lead to remove tho copper from nn 
alloy of equal parts of that mctil and gold ns it would 
to carry off a quantity of copper equal to too weight of 
tlio copper and gold together. It may bo added, that 
when toe assay or has reason to know pretty nearly the 
composition of the alloy, it is well to insure the pre- 
sence of at least two or three times more silver than 
gold, which is not only useful in too cupellation, to 
guard against loss of gold, but is necessary, ns already 
stated, for the subsequent operation of parting. 

Tho assays being placed in too cupels, tho door 
is a flocond time closed during a few minutes, to 
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tato toe fusion of tho alloy ; and on opening it again, 
each of the cupels is found to contain a bright convex 
metallic globule, in which state toe assay is said to be 
uncovered. The air is now freely admitted, and rapidly 
converts tho lead into lithaige, which, as fast as it is 
produced, is absorbed by the bone-ash of toe cupel. 
While this operation is going forward, toe rounded 
surface of the liquid button appears to be covered with 
brigl it patches and lines of color; theso are produced 
by toe thin film of oxide of lead which is constantly 
forming, and passing off from tho centre to the edges 
of tho assay, where it meets with and sinks into tho 
porous matter of tho cupel, leaving always a new sur- i 
face exposed to the current of air which is carried by 
tho draught through tho muflle. At toe same time 
there rises, and passes through the openings of tho 
miifilo, a white vapor, which is caused by tho volatiliza- 
tion and combustion of a portion of lead. When this 
vapor is very thin, and rises with great rapidity, it is 
an indication that tho heat is too great, and part of tho j 
draught must be stopped ; on toe other hand, when it ! 
isd-liick and heavy, and hangs sluggishly over and ! 
around tho cupel, the temperature is too low, and tho j 
power of the draught must be increased. i 

As soon as the greater part of the lead has been thus j 
converted into litharge and absorbed, the remaining | 
bead of rich alloy appears to become agitated by a ; 
rapid circular movement, and toe bands of color with \ 
which the surface is covered arise and vanish in quick | 
succession. This is a sign that toe process is on too | 
jioint of completion, and means must now be taken to ; 
increase tho heat of toe furnace for a short time, so as | 
to insure the expulsion of toe last remaining portions | 
of load. But if silver be present in the assay, and if it 
bo desired to estimate also the amount of that metal, 
the increase of temperature towards the end of tho 
process must be of short duration, otherwise a portion 
of the silver would soon volatilize. Immediately before 
tlio conclusion of the process, the assay becomes some- 
what dull, and the movements on its surface can no 
longer be observed ; but after a few moments, it again 
suddenly lights up with a kind of flash or coruscation, 
and tlien becomes piTinaneiitly brilliant and immovable, 

— assuming, in sliort, the fixed metallic lustre of pure 
melted gold or silver. If the cupellation has been 
well performed, tho gold, or the mixture of the two 
precious metals, is now in a state of almost chemical 
purity. 

When the phenomenon termed the flashing^ bright- . 
ening, or coruscation of tho assay indicates that tho j 
cupellation is terminated, toe mouth of the mufllo j 
ought to be closed for thirty or forty seconds, and then 
the cupel containing the button of pure metal may bo 
drawn to the front of tlio muffle, and allowed to cool 
slowly. Tho refrigeration must not be too rapid, other- 
wise there may be very sensible loss by spitting, sprout- 
ing, or vegetation — an effect, however, only produced 
wiien a largo proportion of silver is present, and which 
has been already explained in connection with toe pro- 
cess of cupellation on the large scale. To insure gradual 
cooling, it is occasionally convenient to invert over the 
cupel containing too bead another heated cupel. 

Tho button is detaclicd from tho cupel after cooling 
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by a pair of fine steel forceps, and gently squeezed 
between the jaws of a pair of pliers, to loosen and pul- 
verize any adhering litharge, which is finally cleaned 
off with a small brush made of brass wire or stout 
bristles. If the process has succeeded, the button 
should be round and bright upon its upper surface, but 
somewhat rough or crystalline on the part by which it 
was attached to the cupel, from which it ought to be 
capable of being removed without difficulty. 

Even after cupellation, there always remains a 
trifling admixture of copper in the assay, which is 
called the surcharge^ unless there has been present a 
sufficient proportion of silver. This metal greatly 
facilitates the separation of the copper, and when it is 
present in the proportion of three parts of silver to one 
of gold, the copper can be completely separated. This 
is one important reason for adding the requisite amount 
of silver before cupellation. But although silver is 
not appreciably oxidised or volatilized when melted 
alone, yet it is so to a certain extent in cu[)ellatioD7 in 
consequence of the presence of lead. It is, therefore, 
necessary to make cupellations of the buttons from 
ores containing silver, at the lowest heat at which the 
absorption of the litharge can be readily determined. 
But even when every precaution is us(jd, there is 
always a loss of silver in cupellation ; and the amount 
of this loss under varying conditions must bo kno’v^^l, 
so as to be able to Bupply the doflciency in the calcu- 
lation of the per-centage, as well as with a view to the 
next process oi parting. The following table has been 
calculated for this purpose. The first colmnn gives 
the weight of silver in one thousand pai'ts of an alloy 
of silver and copper about to bo Bubn\itted to cupolla- 
tion ; the second, the actual weight of silver found by 
cupelling an alloy of silver and copper containing the 
weight of silver indicated in the corresponding line of 
the first column; and the third, the actual loss in 


1 ; 
i ! 

1 weight of silver : — 



! 

i 

j Woiglit of ullvrr 

Wnpht of bilver 


1 

btloru cuptilliition 

II Her ( iipHlIixLjou 

T/'iss of kII 

1 

! 1000 

.. 998*97 .. 

1-03 


j 975 

. . 973*24 . . 

l*7fl 

1 

1 950 

. . 947-50 . . 

2-50 


925 

.. 921-75 .. 

3-25 

1 

900 

. . 89r>-u0 . . 

4-00 

! 

1 

875 

. . 870*93 . . 

4*07 

; 

850 

, . 845*85 . . 

4*13 

, 

825 .. . . 

. . 820-78 . . 

4-22 

1 

800 

. . 795-70 . . 

. . . . 4*30 

i 

775 

. . 770*59 . . 

4-41 

t 

750 

.. 715*48 .. 

4-52 


725 

. . 720*36 . . 

4-64 


700 

. . 69:)*25 . . 

4-75 

i 

675 

. . 670*27 . . 

4-73 

1 

650 

.. 615*29 .. 

4-71 


625 

, . 620-.30 . . 

4-70 

i 

6(K) 

. . 59,5-32 . . 

4-08 


575 

. . .570-32 . . 

4‘68 

1 

550 

.. 515-32 .. 

4-68 

1 

625 

. , 520-32 . . 

4-68 

1 

500 

. . 495-32 . . 

4*68 

1 

; 

475 

. . 470-50 . . 

4.50 

i 

460 

.. 415-69 .. 

4-31 

’ 

425 

. . -120-87 . . 

4-13 


400 

. . 396-05 . . 

3-95 


375 

.. 371-39 .. 

3-61 


350 

. . 316-73 . . 

3-27 


825 

. . 322*06 . . 

2-94 


mi 

.. 297*40 .. 



275 

. . 272-42 . , 

2‘58 


250 

.. 247*44 .. 

2-56 


! 225 

. . 222*45 . . 







t of Hllver 
jupollatlou 

Wolifcht of sUvor 

II Her cttpaUfliion. 

liOM of ullvijr. 

200 , . 

... 197-47 .... 

.... 2-55 

175 .... 

... 173-88 .... 

.... 2-12 

160 .... 

... 148*30 .... 

.... 1-70 

125 

... 123-71 .... 

. . . , 1*29 

100 

99*12 .... 

. . . . *88 

75 

74-34 .... 

. . . . *66 

50 

49*56 

. . . . *44 

25 

. . . 24*78 . . . . 

.... *22 


In assaying native gold or artificial alloys, the opera- 
tion usually commences by fusing the alloy in a cupel 
with about five times its weight of pure lead, and then 
adding the amount of pure silver necessary to bring 
the mixture to the proper composition. If the sub- 
stance be in the ordinary state of the gold of California 
or Australia, tliat is, in small grains or dust, it is the 
best plan to envelop it in a tliin sheet of lead; or a 
suitable quantity of perfectly pure lead may bo put 
into the cu]>al and melted, and then the assay, wrapped 
up in a piece of thin sheet assay-lead, may be gently 
added to the molted lead upon the cupel. Finally, 
add about three times the weight of the assay in pure 
silver, and then proceed with the cupellation in tlio 
manner above-described. The presence of iron, tin, 
nickel, or zinc, in the alloy under assay, materially 
inteifercs witli the success of the operation, as these 
metals will not pass into the cupel by the aid even ot 
a largo quantity of lead ; but from their rapid oxidation, 
will either volatilize, or will accumulate on the surface 
as a sort of slag, in which pjirticles of precious metal 
may be entangled. In this case the assay becomes 
what is technically termed foul^ the cupel qpt being 
able to absorb the metallic oxides us fast as they are 
formed. To obviate this evil, the preliminary process 
of scorification should be resorted to, when tlie pro- 
sence in the alloy of any of the above metals is known 
or suspected. A convenient weight of nalivo gold or 
rich alloy to operate u])on is ten to fifteen grains. * 

Bismuth might be used as a substitute for lead in 
cupellation, two parts of it being nearly equivalent to 
tJjree of lead ; but its bigbor price prevents its general 
use for this purjyosc. The lead employed must he in 
all cases entirely free from silver, l>cing such as has 
been revived from pure litharge, otherwise it would be 
quite impossible to estimate the true composition of 
the alloy. The assay of gold furnishes results which 
are more accurate than those obtained in the cupclla- 
tion of silver; the loss of gold by volatilization is very 
much smaller, and scarcely any of the metal is carried 
into the cupel by an excess of lead. 

Parting of the Amty , — After the preceding opera- 
tions, the button of alloy which remains is composed ot 
gold and silver, not, indeed, absolutely pure, for, what- 
ever precautions may be used, it will still retain a 
small quantity of le^, and frequently, also, traces of 
copper. For practical purposes, however, it may bo 
regarded as a pure alloy of the two precious metals, 
and in this view it now only remains to separate the 
goH from the silver. It has been stated that, on tlm 
Continent, this is effected on the large scale by means 
of sulphuric acid, which, at its boiling temperature, pos- 
sesses the property of dissolving sflver without acting 
upon gold. For analyUcal purposes, however, mtrio 
add is preferred, and is generally employed in this 



counti*y, even for refining operations on the large 
scale. 

It has been stated, also, tliai when silver and gold 
are intimately mixed together, as in an alloy, it is 
necessary that the silver should be present in the pro- 
]:K)rtion of at least two and a half parts of that metal to 
one part' of gold, otherwise its particles will be so en- 
veloped and protected by those of tlic gold, that the 
niU*ic acid will be prevented from exercising its solvent 
action upon them. If, as is generally the case, the re- 
quisite proportion of silver has been introduced before 
cupellation, or if it is known to exist in the alloy in 
that proportion, then it will bo sufficient to subject the 
mixture at once to the action of the acid. But if the 
silver be present in a less or much greater proportion, 
then, as a preliminary step to the operation of parting, 
the alloy must be brought to the proper standard, 
either by the addition of the necessary quantity of pure 
silver, or by adding more gold, as the case may be ; 
for if the proportion of silver exceed three parts, the 
gold will he precipitated by the acid as a dark j)owder, 
instead of retaining the more convouiciit form of the 
alloy subjected to trcatniciil; and tlius an accurate 
estimation of the amount of gold present will be ren- 
dered considerably more difficult. 

On tlio whole, the operation of parting is found to 
Bu jpeed best when the allo}’ contains a little less Ilian 
lliroc parts of silver to one of gold. Hence, in all cases 
where much exactness is rocjuired, the addiuon of sil- 
ver, if necessary, must be so managed as to agree as 
elosel)^ as possible with this proportion ; and from the 
circumstance, that when the relative quantities of the 
two arc so adjusted, the gold is present in the propor- 
tion of about ono-fourtli of llio mass, and tlio silver in 
the proportion of Ibree-fourtbs, the operation of bring- 
ing the alloy to the jiropcr standard by the rcfiuisitu 
addition of tlie latter metal, is termed inqtiartation. 
The quantity of silver required can only be known by 
a previous approximate experiment by the wet method 
of examination, or by the use of the touchstone. 

Assuming that the proper pro})ortion already exisLs 
in the button of gold and silver obtained by cupellation, 
it is first hammered out u])on an anvil into a small disc 
about the size of a sixpence, and annealed by luxating 
it to redness. It is then passed between a pair of 
laminating rollers, by wliich its Ihickiajss is reduced to 
that of an ordinary address card, or about oric-eiglilicth 
of an inch, after which it is a second time annealed. 
'Hieso operations render it sufficiently flexible to allow 
of its being twisted into a small spiral coil or cornet^ 

by rolling between 
243. the linger and 

nk ^ thumb. The c*or- 

act thus obtained 
introduced 

U |H into a small pnrt- 

UjB ing-fiask of the 

K|H form represented 

in Fig. 243, which 

contains about an ounce of nitric acid of specific gravity 
1*180. The acid must be perfectly /?'ce from chlorhic^ 
and must always be carefully tested to ascertain this 
point by adding to it a drop of solution of nitrate of 
VOL. II. 


silver, which, if chlorine be present, will instantly ren- 
der it milky. Instead of the flask represented in Fig. 
243, a small bulb-shaped matrass is frequently used, 
and is now generally adopted by the best assayers 
of bullion, both on the Continent and in this country. 
Common Florence oil flasks, or smaller vessels of the 
forms represented in Figs, 244 and 245, will bo found 
very convenient. When the 
cornet has been introduced, the Fig. 244. Fig. 245. 
flask with its contents is gently » 

heated to nearly the boiling- If 11 

point. Eflervoscenco will now j/Sk £‘\ 

take place, with a brisk evolm 
lion of nitrous fumes, and th^ 
silver will be gradually dissolved, 
leaving the gold in the form of the original cornet, but 
porous, very brittle, and of a deep blackish-brown color. 
When the elTervescencc has entii ely ceased, the flask is 
removed from the heal, and the solution is carefully de- 
caqtcd off, without letting the cornet of gold fall out. 
The latter is then washed by pouring distilled water 
upon it, which, after standing for a couple of minutes, is 
again poured off. The gold will still retain some traces of 
silver, and in order to remove these, the cornet is again 
boiled with stronger nitric acid, of specific gravity 1*280, 
and this operation may even be repeated a third time, 
to remove the last i)ortioiiH of silver, wbicli exist as a 
Buicliarge. In the second and thiid boilings, wliich 
may each be continued for ten or fifteen minutes, it is 
wcl^ to introduce into the flask a small fragment of 
charcoal, to prevent the ebullition from taking place 
with sudden bursts, otherwise the action may bo so 
violent as to break the cornet, wbicb it is desirable to 
avoid. 

The last acid* having been poured off, the flask is 
completely filled with distilled water, and a small, 
smotitldy-finished, porous clay crucible is jilaced over 
the moiitli of it. The two vessels, thus adjusted, are 
then inverted, so as to allow the cornet to fall gently 
througli the water into the crucible, and hj^ a dex- 
terous moveiiK'nt of the hand the flask is witlidrawn, in 
su(!h a manner as to prevent the overflow of any 
liquid from the little crucible. The latter is now care- 
fully decanted into tlie vessel containing tlie silver 
solution, and the crucible containing the cornet is 
heated to redness in the mufilo. Under Ibis final 
beating it is not fused, but sbrinks in bulk, loses its 
br()\^^l appearance, and assumes the peculiar color and 
lustre of gold ; while at the same time it is rendered 
more compact, less hrilllc and fragile, and when cold, 
can now be removed by a pair of forceps to the scales, 
in which it is weighed with the same precision and 
care as the original alloy. 

The weight of the cornet v/ill indicate very nearly the 
amount of gold in the alloj if the assay has been pro- 
perly conducted, but not witli absolute exactness. Kven 
when every precaution has been used, the gold con- 
tained in the cornet is never chemically pure ; it still 
retains a very small quantity of lead and of silver, and 
fre(piently also traces of copper, in consequence of 
which the weight of the cornet may exceed by one 
two-thousandtli part the true result ; and when it is 
; considered that, in assaying alloys, the quantity taken 

2 <i 
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13 usually uot more than seven or eight grains, it will 
be soon that oven this small error might lead to serious I 
disappointment in estimating the proportion of gold in ! 
large masses of bullion. To ascertain tho amount of 
the error, and thus to arrive at a perfectly correct esti- 
mate, it is usual to pass through tho mutHe, simultane- 
ously with the alloys, a number of what are termed 
proofoj consisting of weighed portions of perfectly pure 
gold, to each of which is added a proportion of co})per 
c'qual to that estimated to exist in the alloys under 
examination. The cornets obtained from these proof- 
assays are weighed, and the excess of weight over that 
of the gold which was introduced, indicates the amount ' 
of tlie correction which it becomes necessary to make 
for the other assays. This corniction is liable to vaiha- 
tion, according to the temi>crature of the furnace, and 
other causes ; but it usually ranges from 0*2 to 0*5 in 
1000 . 

If the quantity of silver in the alloy submitted to the 
operation of parting exceed by more than thrice the 
weight of the gold, tlie separation may still be etTceted 
by nitric acid, but the gold will be left in a state of 
powder. It may, however, bo wjihbcd, ignited, and 
weighed in the manner described in connection with 
the quantitative estimation of gold by the wet mothorl, 
and also in the process of ])ai'ting wdth suljdinric acid 
on the large scale. Shoiikl the amo\int of silver ho but 
small compared with the gold, and tho assnyer wish 
to avoid the trouble of inquartation, the alloy iiuiy at 
onco bo subjccicrl to the action of aqua regia, ■when the 
gold will be dissolved, and tho silver will bo tljrown 
down as an insoluble eblorido. Tho dear solution 
containing the gold is then decanted, and when the 
excess of acid has been expelled by evaponition, the 
gold can bo preeijntated, as already described, by sul- 
phate of iron. 

The silver conraiued in the solution of the nitrate of 
that rnctal obtiiiucd in the common process of parting, 
may readily ho recoveted by adding an excess of 
chloride of sodium, which will tlirow down the wijohi 
of thc;?l]ver as white insoluble clilorido. This preoipi- 
bttc, which speedily becomes slate-colored on exposure 
to light, is collected, aud put into a vessel contaiuitjg 
water acMuJated witli bydrocldorie acid; some zinc or 
iron is introduced, and the silver is rapidly restored to 
tho metallic shite, in tho form of a dark-grey powder. 
When this powvlcr is washed witli w*ater, dried, and 
fused in a crucible, the silver assumes its natural ap- 
pearance, but is very brittle. Its malleability is* 
restored, however, by simply rc-mclting. 

Physiological Kiflcts, et cetera . — Gold, says 
Pereika, like other metals, has been frequently supposed 
to be inert while it retains its metallic condition, but in i 
this, as well as in some other instances, the accuraej^of the 
assumption has boon denied. Both Oiiuestien and 
Niel, as well as other writers, assort tliat finely-divided 
metallic gold — pulvis produces tho same consti- 

tutional effects as those caused by the various prepara- 
tions of this mcUl, but in a milder degroo, while it 
excites little or no irritation. It is said to promote the 
secretions of the skin, kidneys, and salivary glands. 

It has been employed as an antivenoroal and anti- 
scrofulous remedy, by Ciirest:en, Niel, and otimrs. 


with considerable success. It is said to be preferable 
to the other preparations of this metal in delicate and 
nervous stibjects, females and infants. Gold-loaf— 
anruin foUntum sen lamellatum — is used by dentists 
for filling decayed teetli, and was formerly employed 
by apothecaries for covering pills — ad inaurandaa sou 
obducendas pilulas. Silver-leaf now takes its place. 
It has been administered internally in doses of from a 
quarter of a grain to a grain three or four times a day. 
CnuESTiEN used it by way of friction on the tongue 
and gums. Niel employed it endcrrnically — that is, 
apj)licd it to the skin deju-ived of the epidermis — in the 
form of ointment composed of one grain of gold and 
thirty grains of lard. 

Teroxide of gold is sometimes used internally, in 
venereal and scrofulous diseases, in doses of from one- 
toiith of a grain to a grain, made into tlio form of pills 
with mozercon. 

The tiTchloriilo of gold, tlic preparation of which is 
described at page 203, acts, according to OufilA, as a 
corrosive wh(‘n introduced into the stomach of animals, 
hut witlj loss energy than the chloiidc of mercury, and 
destroys them by the inflammation of the coats of the 
alimentary canal whicli it sets up. 

On man its en'c-cts arc analogous to tliose of clilorido 
of mercury. In sTanll doses it acts, according to Dr. 
CliUESTiEN, more cncrgeiieally as a stimulant, thqijgh 
less jiowerfully as a sialogogue, than coiTOsivc sublimate. 
It promotes the secretions of the skin, the salivary 
glands, and thf5 kidneys. Taken to tho extent of onc- 
tcritb of a grain daily, it has occasioned violent fever. 
Cellekier has seen one- fifteenth of a grain excite, at 
the second dose, gastric irritation, dryncBa of tlie tongiu*, 
rcMlness of the throat, colic, and diarrhoea. When it 
promotes the secretion of saliva, it docs not as mercury 
allcct tlie teeth and gums. MACiENHiE lias seen violent 
gastritis, acconi]>anie*(l by ner\ :»us symptoms — cramps 
and ])ains iii the limbs, agitation and loss of slceji — and 
afterwards great heat of skin, and obstinate sleojdess- 
uess. In large doses^ it would probably occasion 
.s37n[>toms similar to those prodiujcd by the use of 
poisonous doses of cldorido of mercury. 

It has been employed, with variable success, as a 
substitute for mercury in tlie secondary symptoms of 
syphilis. A more extended experience of it is, however, 
necessary to enalde one to speak of its remedial powers 
with confidence. In the hands of CiiRESTiEN, Niel, 
(JcLLEiGCK, liEGKANH, and othcrs, it has proved most 
successful. 

It has also been used in scrofulous afrections, bron- 
chocele, chronic skin diseases, scirrhous tumours, et 
cetera. Dueoutal cured with it a case of obstinate 
ulceration of the face, regarded by him as cancorousl 
and which liad n-aisted all tlic ordinary methoda. 

Leghand has used tcrchloridc of gold, acidified with 
nitric acid, as a caustic in syphilitic, scrofulona, and 
scorbutic ulcers, cancerous growths, and ulceratigas of 
tho neck of the iitenis. 

Internally, it has been given in doses of one-twontieth 
of a grain, made into pills with starch. But ae organic 
matters decompose it, it is bettor to use it in distilled 
water, or to apply it by friction to the mouth, in quan- 
tities of from one-sixteenth to ono-sixtli of a grain. 
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The whites and yolks of eggs, milk, and a mixture of 
wheat-flour, oatmeal, or barley, and water, arc, as in 
the case of chloride of mercury, antidotes for an over- 
dose of this auric compound. 

The Editor is surprised to find that tlie above are so 
little used in medicine. Surely, if physicians would 
only daily experiment on the action of the dilTcrciit 
metals and their compounds upon the system, they 
might soon discover some more very valuable specifics. 

Statistics. — Gold and silver are frequently con- 
founded in statistical returns under tbc common desig- 
nation of the precious rnctah; and even where the two 
are classed separately, it is still desirable to place them 
in juxtaposition, since much of tlie intoivst attaching to 
the subject is derived from the relation which they bear 
to each other. In proceeding, therefore, to state the 
most important facts connected with the statistics of 
gold, the Editor will give, at the same lime, most of 
the corresponding facts and figures relating to silver; 
which will not only save the repetition of a number of 
tables nearly similar, but will furnish the reader with a 
clearer and more satisfactory view of tbc subject, than 
if the returns relating to each of the metals were tabu- 
lated Bei)aralely in diflbront parts of the work. 

Much interesting iuforniation relating to the history 
and statistics of the precious metals is given in a work 
which was published by Mr. Jacob in 1831, in which 
l»c takes up the subject at the earliest period, and con- 
tinues it to the year nbove-incntioned. !Mr. Jacob 
sliows that, in tlic days of Itoman supremacy, the greater 
part of the wealth of the world continiiod to How into 
Kome, up to the time of Auoustus, when the pro- 
duction of gold from the Roman mines in Illyria and 
Spain suddenly ceased ; and fur a long period tbc woild 
received no now accession of metallic wealth. With 
much labor and research, he constructed a table showing 
the rate of diminution to wdiicli the cnonnoiis wealth of 
the Augustan period was subject; and though it in- 
cludes both gold and silver under one head, while at the 
same time its accuracy cannot bo implicitly relied on, 
still it is Buflicicntly correct and instructive to merit a 
place in these pages ; — 


QUANTITY OP 
Tear. 

14 

50 

86 

122 

158 

104 

2U0 

260 

302 

338 .. .. 
374 .... 

410 

446 

482 

518 

654 

590 

020 

602 

698 

734 

770 

806 


OOLU AND 8II.YEU IN THE UOMAN EMPIllU. 


£358,000,000 

322.200.000 
2h7,980,000 

259.182.000 
233,20.3,800 
200,937,420 
181,943,078 
103,749,311 
1 17,374,380 
132,630,942 
119,373,248 
107,435,924 

90, §82, 332 
87,033.099 
78,229,700 
70,400,730 
63,301,057 
57,0^27, 0.52 
51,324,887 
46,192,399 
41,573.160 
37,415,840 
33,674,250 


From the decHno and4ill of the Roman empire, the 


portion of gold added to that already obtained was, for 
many centuries, not more than sufficient to supply the 
annual waste by wear and loss; and except the mines 
of Hungary and Sweden, which do not a])pear to have 
been worked before the eiglith or ninth century, no im- 
portant new sources of gold were opened until the dis- 
covery of America by Columbus in 1402. This event 
was followed, in the course of the next century, by a 
considerable influx of the precious metals into Europe ; 
yet a very superficial inquiry will suffico to show, that 
the actual amounts which were imported from Mexico 
and South America have been greatly exaggerated in 
the public mind, and sinkinto very humble figures when 
compared with the enormous treasures obtained within 
the last few years from California and Australia. From 
1492 to 1500, America, according to IIumboijjt, 
furuislied to Euroi)e, in gold and silver, not more than 
fifty-two thousand pounds sterling, and tbc entire an- 
nual amount of gold and silver obtained from America 
during the sixteenth century was only al)out half a 
million sterling ; whereas, for the last few years, the 
valhe of gold (done ex])orted from California and Aus- 
tralia has aveiaged twenty-four millions per annum. 
1’ljo celebrated El J)orado8 of the sixteenth century 
sink, therefore, into utter insignificance, compared with 
I the recently-developed auriferous regions. 

It is true, that with the discovery of the Brazil mines 
and other sources, the import of the ju-cciouB metals 
from America continued steadily to increase; and from 
IGOO to 1700, dui-ing which period Europe obtained its 
supply of gold almost exclusively from the New World, 
llic mines of the latter were estimated to have pro- 
duced an amount of gold and silver equivalent to throe 
hundred and tliirty-scven millions, five hiflidrcd thou- 
sand pounds steiliiig, or upwards of three millions pier 
aniiiirn. In coiiRcquence of this continued importation, 
the value of the coined money in Europe in 1GD9 lias 
been estimated at two hundred and ninety-seven million 
pounds sterling. During the eighteenth century, the 
siqqily of the i)ivcions metals was still chiefly derived 
fioin the Americas. The annual produce of the mines 
of that quarter of the globe, at the commencement of 
tlie present century, w^as estimated by Humbolut at 
eiglit millions, seven hundred thousand pounds sterling ; 
and that derived from the European mines of Hungary, 
Saxon}", ct cctrra^ and those of Noitherii Asia, was 
valued by him at one million pounds sterling more, 
raising the total produce at tliat period, exclusive of 
Africa, to nine million seven linndrecl tboiisand j)ounds 
sterling. The quantiiy of gold produced in America 
was to the qiuintity of silver as 1 to 4G ; in Eurrjx'j as 1 
to 40; and the valuer of equal quantities of gold and 
silver were then in the proportion of 15 to 1, so that 
the aggregate value of the gold to that of the silver was 
noarl}" as 1 : 3 ; or, in other 'words, the annual amoimt 
of gold alone produced at the beginning of the present 
century was worth about three million two hundred 
thousand pounds sterling. 

From 1800 to 1810 the yield of the American mines 
continued still to increase, and, in conjunction with that 
of the European and Russian mines, is suppoaed to 
have amounted in the latter year to upwards of eleven 
million poun<ls sterling, in gold and silver. But in that 
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year began Uie contest which resulted in the dissolution 
of tJie connection between Spain and her Arnerican 
colonics, causing tlie abandonment of several of the 
mines, and a consequent decline in the production of 
the precious metals to such an extent, that, according 
to Jacob, the total average yield of the American 
mines, inclusive of Brazil, during the twenty years 
ending with 1829, might be estimated at little more 
than four million pounds sterling a year; being less than 
half their produce in 1800. Some years later, however, 
they again began to increase ; and this, in conjunction 
witlithe recent extraordinary development of the Russian 


mines, raised the entire amount of gold and silver pro^ 
duced from all the known auriferous localities through- 
out the world, before the discovery of California a^ 
AustroUa^ to upwards of twelve million pounds sterling 
per annum ; the value of tlio gold to that of the silver 
being nearly as 5 : 6. ^ This will appear from the fol- 
lowiiig table, prepaied by Mr. BikK-MYRE, showing, by 
approximate calculation, the annual produce in value of 
fujo gold and silver for 184G and 1850; the first being 
two years before the discovery of the rich deposits of 
gold in California, tlio latter two years after the dis- 
covery : — 


California, 

Uniled States, . 

Mexico, 

New Grenada, . 

reni, 

Bolivia, 

Chili, 

Brazil, 


Total of North and South America... 


Russia, 

Norwav, 

North (iennany,. . . . 

Saxony, 

Austria, 

Biedniont, 

Spain, 

United Kingdom, . . . 

Africa, 

Borneo, 

Ava, 

Malacca,.^ 

Sumatra, 

Annam or Ton(|um, . 
Various count rif'H, . 


Total of Euiope, Africa, and Asia, . . 
Total of North and Souilj America,., 


j (Jold. 

SiKcr 

Totiil. 

Cold 

Silver. 


£ 

£ 

£ 

£ 

£ 

£ 

— 

— 

— 

12,000,000 

62,088 

12,002,088 

237.:i30 

1,864 

230,230 

115,430 

31,444 

126,874 

249,753 

3,457,020 

3,706,773 

382,901 

5,383,333 

5,766,234 

252,4e7 

42,929 

295,336 

252,407 

42,929 

295,33(3 

96,241 

1,000,583 

1,096,824 

96,241 

1,000,583 

1,096,824 

60.337 

460,191 

520,548 

60,3.57 

460,191 

520,548 

145,585 

297,029 

442,614 

145,585 

297,029 

442,014 

259,871 

2,003 

201,874 

289,068 

2,227 

291,205 

1,301,560 

5,261,619 

6,56)3,179 

13,341,989 

7,259,824 

20,601,813 

3,414,427 

167,831 

3,582,258 

4,175,800 

171,817 

4,347,477 

— 

.32,346 

.32,316 

JL. 

35,0)07 

35,607 

357 

138,022 

138,379 

357 

138,022 

138,379 

— 

198,200 

198,200 

— 

198,200 

198,200 

282,750 

282,654 

565,401 

288,708 

286,971 

675,679 

17,841 

7,414 

25,285 

17,841 

7,414 

26,285 

2,498 

227,4!I9 

229,997 

2,498 

440,210 

412,708 

— 

109,989 

109,989 

— 

160,000 

160,000 

201', ,900 

1,056 

204,956 

203,900 

1,0.56 

204,956 

3o:),ooo 

1,581 

1 307,481 

305,850 

1,584 

307,484 

100,000 

517 

100,517 

100,000 

517 

300,517 

72,240 

374 

72,614 

72,240 

374 

72,614 

63,719 

330 

64,049 

63,719 

330 

64,049 

30,585 

53,4(i0 

81,045 

30,585 

53,400 

84,045 

50,975 

33,000 

83,975 

50,075 

1 3i,000 

83,975 

4,545,192 

1,254,306 

5,799,498 

5,312,533 

1 1,528,592 

6,840,975 

1,301,560 

5,26 1,6] 9 

6,563,179 

13,341,989 

1 7,259,824 

20,601,813 

5,816,752 

6,515,925 

12,362,677 

18,651,522 

8,788,416 

27,442,788 


The various countrich arc exclusive of China and Jajjan, which produce large riuantities of gold and silver, the amount of whh-h 
is quite imkuu>\n to Europeans. 


It will be seen from the above table, that in 184G the 
total value of the gold is estimated at five million, eight 
hundred and forty-six thousand, seven hundred and 
fifty-two pounds sterling ; in 1850, it rises to eighteen 
million, six hundred and fifty-four thousand, five bun- 
died and twenty-two pounds sterling. Mr. Bikkmyjie, 
however, estimates the produce of California alone in 
the last-mentioned year at twelve million pounds ster- 


ling— a figure BO high that, notwithstanding the im- 
portance attached by Macculloch to bis calculations, 
it seems to have far exceeded Uie truth. This may 
be inferred from the following table, extracted from 
the Economist newspaper, which has the credit of de- 
riving its statistical information from Uio highest ofiicial 
sources ; — 


TOTAL VALUE OF GOLD EXPORTED FROM AUSTRALIA AfTD CALIFORNIA EACH TEAR FROM 1848 TO 1856 INCLUSIVE. 
ToAr. New Aoutli WaloA Viclorfa. Culifurnla TotaL 

1618 £11,700 XU, 700 

1849 1,600,000 1,600,000 

1850 5,000,000 6,000,000 

18,51 £468, .336 £438,777 8,250,300 9,157,413 

1852 3,600,175 6,135,728 11,700,000 JZl,i36,903 

1853 1,781,171 8,664,329 12,500,000 22,945,700 


ToAr. 

18iM 

New Aoutli WaloA 

1849 

1 850 

18,51 

£468, .336 

1852 .... 

1853 .... 

1854 

3,600;i75 

773,209 

18,56 .... 

209^250 

1856 .... 

97^466 

Total, .... 



12,643,024 14,000,000 26,740,480 

.^^,4;47*441,688 £80,662,000 £134,933,185 
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To bring down the accounts to the latest date, the 
following table of imports, also resting on high autho- 
may be added 

lUrOHTS OP GOLD AND BlLVKIl INTO OUEAT IIltlTAlN POD TUE 
PiaST fUX MONTHS OF TUE TEAR 1857 WERE — 

From 

Africa, jroM £52,000 

United States, including princi])al imports Iroiu 

California, 3,252,000 

Australia, 5,833,000 

Brazils, G,000 

Mexico, West Indies, Peru, and a portion from Cali- 
fornia, gold and silver 3,415,000 

Mediterranean, 543,000 

XtuBUia, 110,000 

£13,220,000 

It will be obseiTed, however, that these figures in- 
clude both silver and gold, and indicate merely the 
amount of tlie precious metals imported into this coun- 
try. But when it is considered that nearly the wliolc 
of the Australian produce is in gold, and that it is 
almost exclusively exported to Great Britain, the 
amount above staled as having been imported from 
that part of the world during the first six months of 
the present year, seems to indicate a falling-otf as com- 
l>ared with the amount exported in 1850. "J’liis decline 
has been acknowledged by Australian journalists, but 
is attributed to temporary causes — the employment of 
larger numbers of the mining population than at any 
former period in deep sinking and in ciiiaru. mining, 
their consequent withdrawal from the immediate pro- 
duction of gold, and the protracted dryness of the sea- 
son. The same writers afiirm, that when the labor of 
ibo deep sinkers has been consummated, and the hoards 
of the shallow sinkers have passed through the process 
of washing, the average of the returns of the current 
year will be brought uj> to that of last. Tlio stoudinesB 
with which the quartz reefs arc being o])oncd up at a 
heavy cost of labor and of money, and the large sums 
expended in machinery for the extraction of tliO metal, 
are deemed sure indications of the faith entertained hy 
practical men in the hidden riches of the Australian 
gold mines. 

On the whole, the present animal suppl}'^ of gold may 
ho roughly estimated as follows : — 

Asiatic Rusma, £4,000,000 

Host of Asia — exclusive of Ja])aTi and Phiim, 500,000 

^^uropo, 800,000 

Africa, 200,000 

North and Smith America— exclusive of ( 'allfornia, 1,500,000 

''Jalifornia, 14,000,000 , 

Auatralia, 13,0U0,000 

Total, £33,500,000 

The annual consumption of ffold ami silcer in the 
arts, and as coin or currency, is estimated by Maccul- 
LOCH as follows : — , 

Wear and tear and loss of coin, £5,700,000 

Increase of currency, 1 L, 400, 000 

Used in the arts, 11,200,000 

Total, £28,300,000 

In coimoction with the subject of coinage, it may not 
be out of place to append the following tables, which 
would be obviously divested of much of their interest 
by giving the gold coma^e alone 


I. AMOUNT OP GOLD, BlLVEIt, AND 
AT THE BOYAn MINT, LONDON, 


COPFEU MONIES COINED 
FJIOM 1840 TO 1856. 


Years 

Ooia. 

Silver 

Copper. 

Total. 

1840 . 

Nil 

£216,414 , 

. £3,130 . 

. £219,650 

1841 . 

£378,472 

. 96,175 . 

. 8,848 . 

483,495 

1812 . 

5,977,051 

. 192,852 . 

. 1,764 . 

. 6,171,067 

1843 . 

6,607,849 

. 276,606 . 

. 10,080 . 

. 0,894,535 

1814 . 

3,563,949 

. 626,670 . 

. 7,246 . 

. 4,197,866 

1845 . 

4,244,608 

. 047,658 . 

. 6,944 . 

. 4,899,210 

1816 , 

4,334,911 

. 559,348 . 

. 6,496 . 

. 4,900,955 

1817 . 

.5,158,440 

. 125,730 . 

. 8,900 . 

. 5,293,130 

1848 . 

2,451,999 

. 35,442 . 

. 2,088 . 

. 2,490,129 

1813 . 

2,177,953 , 

. 119,592 . 

. 1,792 . 

. 2,299,339 

1850 . 

1,401,836 . 

. 129,096 . 

448 . 

. 1,621,380 

1851 . 

4,400,411 , 

. 87,868 . 

. 3,584 . 

, 4,491,863 

1852 . 

8,742,270 . 

. 189,596 

, 4,312 . 

. 8,936,178 

l*}53 . 

11,952,391 

. 701,544 . 

. 10,190 . 

. 12,064,125 

1854 . 

4,152,183 . 

. 140,480 . 

. 01, .538 . 

. 4,354,201 

1835 . 

9,008,063 , 

. 195,510 . 

. 41,091 . 

. 9,245,264 

J856 . 

6,002,114 , 

. 462,528 . 

. 11,418 . 

. 6,476,001 


n, COINAGE OF FUANi’E 

IN EACH YEAR FROM 

1846 TO 18.56 

INCLU.'^IVn, CONVEUTEI) INTV) BUlTlhll MONEY AT TUE KATE 

OF TWENTY FIVE FRANCS TO THE POUND 

BTEULINO. 

Yc.irs. 

Gold. 

Silver. 

Total 

1816 

£88,000 

£i,:;32,ooo ... 

.. £1,420,000 

1817 

300,000 

2,760,000 ... 

,. 3,060,000 

1818 

1,600,000 

4,040,000 ... 

. . 5,640,000 

1844) 

1,080,000 

7,360,000 ... 

. . 8,440,000 

18.50 

4,600,000 


. . 7,720,000 

1851 

9,600,000 


.. 11,960,000 

1852 

1,010,000 


. . 3,880,000 

1853 

13,200,000 

800.000 ... 

.. 14,000,OW 

1854 

20,480,000 


. . 2,056,000 

1 855 

16,417,928 


.. 17,280,728 

1856 


2,108,888 ... 

. .. 22, .502,964 

III. ACCOUNT SHOWING 

THE AMOUNT OP COINAGE IN THE 


UNITED STATES IN 1855, CONVERTED 

INTO RRJTl.'aU 


MONEY AT THE RATE OF FOUR .SHILLINGS AND TUKEE- 


rilNCU TO TUB DOLLAR, 



Mints 

Odd. 

Silver 

Philadelphia, 

... .£2,2.51,321 

. £301, .574 

New OriviiiiiH, 

95,731 

. 407,575 

S 

111 Franciseo, 

3,739,6.39 

. 34,228 



21,815 



ClitirloUe, 

46,311 

— 


Total, 

£6,157,817 

. £74.3,377 

IV. UULLION EXrORl'ED 

FROM ENGLAND AND 

THE MEDITEK- 


RANEAN PORTS TO TUB EAST— 1852 TO 1856. 

Vitars 

OoM 

Silver 

Totiil 

I H52 

£7oT,.3/8 . 

£2,491. 1 ;;7 .... 

. . £3,235,455 

1 853 

986, .574 . 

5,695,602 

.. 6,682,176 

1854 

1.222,755 . 

.... 4, .583, 017 .... 

. . 6,80.5,772 

1855 

1,191,511 . 

7,931,129 

. . 9,125,640 

1850 

478,788 . 

14,108,901 

14.587 (‘.KM 





Total, 

£1,010,946 . 

£34,815,786 .... 

. . £39,4.56,732 


Annexed are some of the rates of value of a pound 
troy of gold at dilTorent periods : — 

VALUE OF THE TROY POUND OF GOLD. 

Yoarfi. 

law £15 0 0 

1W5 13 3 4 

BW7 14 0 0 

1412 16 13 4 

1464 20 16 8 

1326 27 0 0 

1340 34 0 0 

1«05 • 40 10 0 

1626 44 10 0 

1718 46 U 6 

1817 46 14 6 

which is the price at which fine gold still continues, 
or three pounds seventeen sliillings and tenpouce half- 
pcimy per ounce. 

Mr. Hunt states, that for the uses of the arts not less 
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than one Uiousand ounces of fine gold ai*e used in Bir- 
mingham alone every week, and that in the? United 
Kingdom the weekly consumption of leaf-gold is as 
follows : — 

Ounoos woeWy 


Ijondon, '1 00 

Edinliiir^ch, 35 

Tlirniinpliam, 70 

Manchester, 40 

Dublin, 12 

Liverpool, 15 

LeucL, G 

Glasgow, 0 

Total, 584 


Of this amount, he states, on the authority of an 
eminent gold-reliner, that not one-tenth part can be 
recovered ; and he adds, that for gilding motiils by the 
electrotype, and the water or wash-gilding processes, 
not less than ten thousand ounces of gold are required 
annually. One cstablisliineiit in the Potreries ciri])loys 
three thousand five hundred pounds’ worlh of gold ])cr 
annum, and nearly two thousaiid pounds’ worth is used 
by another. The consumption of gold in the SlafToi d- 
shiro Potteries for gilding porcelain and making crini- 
Bon and rose color, varies from seven thousand to Icn 
thousand ounces per annum. 

The Editor has to cxpiiss his obligations to Mr. 
Geokge Blair of Glasgow for his valuable aid duiing 
the compilation of tins article. 

GUMS. — Gommes^ French; PJi><tR:senscJihimen, 
Gtmmly German ; Gumnd^ Latin. — Under the term 
gnra, say^BuANDE, are included scveiiil modilicailons 
of a distinct proximate principle of vegotals, which 
are of extremely common and almost universal occur- 
rence. To some of these, the term nuicilage is occa- 
sionally applied. 

They are cl^^ractcrised by forming a viscid, mncila- 
ginons, or adhesive solution with water, and hy insolu- 
bility in alcohol, so that the addition of tlic Litter to a 
moderately strong aqueous solution of gum occasions 
the separal ion of a white precipitate or magma. Anotlier 
characteristic of gum is its convertibility into mucic or 
saclactic acid by the action of nitric acid. — Brande. 

Gum is found upon the bark of certain trees as an 
exudation, which gradually concretes in trunspanuit or 
translucent amorplions drops. It may also be detected, 
in greater or less quantity, in the juices of most plants 
and fruits. 

The several species of gums arc distinguished by 
their behavior with water. Some dissolve in that 
liquid, and form inu(yllag(:S, as gnm-arahic ; while others 
soften and intuincsco, as tragacanth. But there is also 
an intermediate kind, represented by cherry-tree gum, 
whicli is only partially dissolved in water. These dif- 
ferent classifications of gums have been denominated 
ardhin, tragacantlnny and ccradn — from tlio Latin 
ceramSf a cherry-tree. 

(tUM-AHABIC — Gomme Arahique^ French; Ara~ 
hischegummi^ German ; Gurmrii AcMcits^ Latin — is the 
I)roduce of the Acacia Vera Arabica, and other varie- 
ties. Many have supposed the shittah tree, mentioned 
in many parts of the Old Testament, especially in con- 
nection with the building of the tabernacle, to have 
been an acacia; some have regarded it as the A, Tcra, 


while others have thouglit it to have been the A- 
ITorrida. 

Dr. Adam Clarke, in his comment on Exodus, 
XXV. 5, says : — The Acacia Nilotica, or A. ArabicaT^s 
known to have been plentiful in Eg^'pt, and it abounds 
in Arabia Deserta, the very place in which Moses was 
when he built the tabernacle ; and hence it is reason- 
able to suppose that he built it of that wood, which was 
every way proper for his purp»ose, being solid, light, 
and ver}'^ beautiful. 

lIii’i’OCRATES mentions Egupfirm acacia^ mid the 
ivhltc (fcacidj by wbicli, it is supposed, ho meant the 
acacia V(Ta. Dieruacii, however, tliinks that the 
Acacia Senegal is rch rred to, from the fact that the 
wood, bark, and flowers of the latter arc white. Gum 

also named by IlJpnocmATi^S as being employed in 
medicine. 

riiODUCTiON. — The glim of tlio acacia trees flows, 

! in tlio liquid state, from the trunk and branches, 
and haidens by cxj)osiirc to tlic air. It nsnally exudes 
s[)ontaneouyl 3 q but, in sonic instances, the discharge is 
faeilitatcjl hy iiu'isions. In Barbary, tbc largest quan- 
tity of gum is ])rocured during the hot and parching 
months of July and Augur.t. Tho more sickly the tree 
aj)pcara, the more gum it yields; and tlie hotter the 
weatlier, the more prolitie is it. A wet winter and a 
(‘ool or mild smnimT are unfavorable to the produc- 
tion of gmn. In Siuiegal the gum begins to flow when 
the tree first 0 [)ens its flowers, and it continues during 
the rainy Beasi)n till the month of December, when it 
is collected for the fust time. Another gathering of 
fb(‘ gmn is made in the inonih of March from incisions 
in the hark, which the extnuno dryness of the atmos- 
plierc at that time is said to render nc('essai'y. — IWeira, 

Des('kii*tion. — Gum-arabic occurs in globular 
pj(‘ces or trnrs^ which arc colorless or light yellow, 
UKjre or less transparent, inodorous, and soincwliat 
brittle. The following description of the most im- 
portant vaiii'ties of aencia gum, is extracted from 
I’kiiLIRA’s ^^dtlria ^Tvdira: — 

Turheij or Ai^iibic Gum is inj})ortcd from Ijeghorri, 
Malta, Trieste. Gibi altar, Smyrna, Alexandria, Con- 
stantinople, ct ertt'ra, and is the produce of the Acacia 
Vera, and j)rohah]y of other species, especially A, Ara- 
hica. It occurs in rounded tears, or amorphous or 
angular fragments, varying from the size of a pea 
to that of a walnut, or even still larger; some of the 
pieces being transparent, others more or less opaque, 
from innumeraljlc cracks extending through them. 
It has a glassy lustre, is white, yellow, or sherry 
colored, and has no odor, or, if an)", an acid one. Its 
specific gravity varies from 1*3JG to 1’482. It is en- 
tirely soluble ill water, the solution having tho property 
of reddening litmus, and being feebly opalescent. The 
latter characteristic is said hy GuEKiN to ho owing to 
Ihc presenee of a small quantity of insoluble nitroge- 
nous inatfcT. 

liarhnry or Morocco Gum is imported from Moga- 
dorc and Mazagan. It is probably tho produce of 
Acacia Gummifera. Dr. Pereira had two varieties of 
Barbary gum ; one in roundish or irregular tears, mixed 
with many impurities, imperfectly transparent, omd of 
a dull yellowish color, with a faint tint of green. It 
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was not wholly soluble in water. The other kind, 
called Mogadore gum, is in small, irregular, broken, 
mostly yellow pieces, which resemble fragments of 
Turkey gum. 

Gum-senegal is imported from St. Louis, St, Mary’s, 
the river Gambia, Senegal, and Bathurst, and is pro- 
bably obtained from several species of acacia; but 
especially A. Senegal, A. Vera, A. Serjal, and A. Adan- 
sonii, are said to produce it in part. It occurs in larger 
tears than those of Turkey or Arabic gum, and large 
air cavities are frequently found in their centres on 
breaking them. Whitish pieces arc occasionally met 
with, but for the most part they arc yellow, reddish- 
yellow, or hrownish-rcd. More difficulty is experienced 
in breaking or pulverizing this gum than gum-arabic, 
and its fracture is more conchoidal. Guibourt distin- 
guishes two varieties of this gum: Iho first, gum-soiie* 
gal, ])roperIy so called, probably tlie produce of Acacia 
Senegal; while the second, gum -galam, is yielded by 
A. Vera. There is but little dificrence between them, 
yet the latter has a greater resemblance to Tnikey gum 
than the former. The pieces of gum-galain are more 
broken, and therefore more biilliant than those of gnrn- 
Bcmsgal. Those team or fragments which have on 
some part of them a yell(^)wish oj)a(]ue skin or pellicle, 
constitute the Gomme pdllcalce of GiniiOUBT. The 
MarronB dc Gormni\ or Goinrne lUjnivodo. of tlic same 
pharmacologist, is also found in the Senegal gum of 
commerce ; it cjonsista of yellowisli or dark-hrownisli 
pieces, which are difficult to break, opaque, and rough. 
Treated with water, it is only paitially dissolved. 
Guibodut btutcfl, that in most of the marroufi he found 
a largo ovoid cell, which had cvidcnily been the habi- 
tation of some larvoe, wdienco he concludes that this 
substance is the work of an insect. 

East India Gum is importtal princii)ally from Bom- 
bay, and is most likely the produce of varictus species. 
Many pieces— yellow Bust India gum— agree in their 
physical and chemical cliaractois with Turkey gum, 
and arc probably tlie pruduee of Aeacia Arahica, or 
some allied species. Otliers, however, arc larger, red, 
or brown — brown East India gum — and more diflleiilt 
to pulverize than Tnikey or Arabic gum. 

Cajte Glim is imported from the Ckqs' of Good Hope ; 
BliKCnKLri states that it is oliUn'iied from a species of 
acacia, closely resembling A. Vera, and wliich he de- 
nominates A. capciisis. Notwithstamling tliat the last- 
named authority asserts, that the Cape gum is in no 
way inferior to that from A. Vera, it is considered by 
English dealers as a very inferior kind. It is pale yel- 
low, and apparently resembles Mogadore gum mentioned 
previously, or small fragments of Turkt'y gum. It is 
collected by tlio Oaffres. 

pROPKUTiRS AND COMPOSITION. — Gum-aral)ic dis- 
solves both in cold and hot water. If this solution 
bo allowed to evaporate spontaneously, the gum is left 
apparently dry, but, in reality, in a hydrated sbtio, re- 
taining about seventeen per cent, of moisture. If 
heated slightly above 212“, the color of tho gura be- 
comes yellow, and it has an acid taste. When distilled 
destructively, the products arc empyreumatic oil, acid 
water, carbide of hydrogen, carbonic acid, and a charred 
mass ; the latter loaving,*iipon ignition, about three per 


cent, of inorganic matter, composed of carbonates of 
polassa and lime, with minuto portions of cliioride of 
potassium, oxide of iron, aluminum, magnesia, and 
silicic acid. 

Gum is thrown down from its aqueous solution by 
alcohol as a white magma. Trihasic acetate of lead — 
but not the neutral acetate — occasions a white preci- 
pitate, which Berzelius denominated 
A concentrated solution of sesqui chloride of iron causes, 
when dropped into a gummy menstruum, a brownish 
traiislucent golatinization. Silicate of potassa and oxa- 
late of ammonia produce white deposits, tho reaction 
witli th(i latter being caused by the lime present. Caustic 
l)Otassa, according to Berzelius, first causes in strong 
solutions of gum a coagulum, which gradually liquefies. 

A solution of borax occasions in that of gum-arabic, a 
coagulation which dissolves in free acid. Gum, in this 
instance, gives a reaction similar to that afforded by 
Btanjh. 

On the trituration of powdered acacia gum with a 
Biiflicicnt quantity of sulphuric acid to form a pasty 
inaj^s, the mixture soon ac(piires a brown color ; and it 
it is allowed to sbiiid for about twenty-four hours, then 
liquefied with water, and carl}onato of lime added to 
unite with the acid, the gum whieh remains dissolved 
is considerably changed in character and properties. 

If, oti tho contrary, sulphiinc acid and gum be mixed, 
tho Ifitlcr is decomi)oscd with evolution of sulphurous 
acid, and the produetion of artificial taimiu and a j 
scarcely appreciable amount of arctic acid. Upon 
adding water after this reaction, about thirtf' per cent, 
of caihon is deposited. The ebullition of gum with 
V(ry attenuatnl sulphuric acid, gives rise to the forma- 
tion of glucose or grape sugar. 

Gum is decomposed by nilric acid, and, on tho ap- 
plication of heat, nitric o.xidc is set frec,’'tol mnclc acid 
deposits as tho t(‘mj)craturo of the mass becomes re- 
duced. On caiTying the decomposition further, malic 
and oxalic acids may be detected. 

According to Vauquixin, when a solution of gum 
is subjected to tlic aelion of a stream of chlorine gas, 
citric acid is formed; but tliis statement is very ques- 
tionable. Chlorine is absorbed by powdered gum, caus- 
ing the latter to soften and become brown. Hydro- 
chloric acid is also absorbed by gum ; the latter becomes 
browm and glutinous; and, on tlic addition of sulphuric 
acid to the magma, hydrocliloric acid gas is evolved. ! 

Gum has been analysed by Berzelius, Puout, 
Guerin, Mulder, and many others. Tho following 
are some of tho results of the examination of gnni- 
arahic : — 

C «nlpsiinally rppivsontcd. I 

, ^ ^ I 

llt!r*<'Vns Prout HIuldiT. 


Carbon, 41 '!)0G .. 41-4 .. 4.vl0 

llyGrogvn, o*7SS .. 6*5 .. 6*10 

O^iygcn, Gl'SOfi 52*1 .. 48*80 


100-000 100*0 100*00 

Tlio analyses ot Berzelius and Trout give rise to 
Iho formula, Tliat deduced from tlie re- 

sults of Mulder is II ,o But Liebiq adopts 
the formula, !!„ and represents it as a hydrate 
of carbon, 1 1 HO, and these views are supported 
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by the composition of tlio comj)oun(i of gum with oxide 
of lead, as ascertained by Bkrzelius : — 


At wel^lkt Tlioory. Contcslnmlly. 


E(]. Oxide f lEq. Load, .... 104 ) 
of lead, , , ( 1 Eq* Oxygen,.. 8 j 
< 12 Eqs. ('arl)on, . . 72) 

Eq. GiiinX 1 1 Eqs. Hydrogen, 1 1 v 
( 11 Eqs. Oxygen,.. 88) 


1041 
H I 

^ 112 

39-58 

38-25 

J 

72 

1 



, 11 
88 J 

1 171 

60-42 

61-75 


283 

100-00 

100-00 


Fine gum-arabic consists almost entirely of arahin^ 
the other constituents being the inorganic matter and 
moisture. 

Pure arabin may be obtained by making a clear 
aqueous solution of gum, and adding alcohol, when the 
arabin is Uirown down. It is an uncrystallizable amor- 
phous solid, devoid of color, taste, or smell; soluble in 
water, whether cold or hot, but not taken up by ether 
or oils. It unites with alkalies. According to Guerin, 
arabin consists of — 

Carbon 48-81 

Hydrogen, r»-20 

Oxygon 4y-S5 

Nitrogen, 0-U 


But it is clear that this analysis must bo wrong, since 
gum itself contains no nitrogen, and no substances con- 
taining this element arc required in tlic preparation of 
arabin. According to the same authority, gum-arabic 
contains 79*4 per cent, of arabin. 

Uses.— SGum-arabic is employed in medicine os an 
emollient and demulcent, but more frequently as a 
vehicle for the c.xhibition of other medicines. It is 
sometimes slowly dissolved in the mouth to allay 
troublesome cough, and to diminish irritation of the 
fauces, by diluttng the acid secretions, and sheathing 
the part from the action of the atmosphere. In inflam- 
matory affections of the intestinal tube, os well as of 
the respiratory and urinary organs, gum is employed as 
a demulcent and emollient. A solution of gum may be 
used as A sheathing substance in cases of acrid poison- 
ing; but its eflicacy is believed to be owing to me- 
chanical properties merely. In the state of powder, 
gum is occasionally employed to check liemorrhage 
from leech bites. As a vehicle for the administration 
of other medieines, it is used either in pow'der or muci- 
lage — in the former condition to give bulk to active 
and heavy powders, as subcliloride of mercury, tartrate 
of antimony and potassa, et cetera^ and in the prej)ara- 
tion of lozenges; in solution, to suspend insoluble 
powders — as oxide of zinc or musk — in w’atcr ; or to 
diffuse oily and resinous substances through aqueous 
tiuids, and to give form and tenacity to pills. Fuilher- 
inore, adds Pi:itEiRA, it is exceedingly useful for various 
other pharmaceutical purposes, although it is now gene- 
rally superseded by dextrin. 

Its property of suspending fine powders or precipi- 
tates in solution, has caused its use in the manufacture 
of inks ; and its clamminess when moist, aild finnness 
when diy, liave given rise to its application for cement- 
ing or pasting paper or other light articles which are 
not to \m exposed to moisture. 

Adulteration. — G um-arabic, says Normandy, is 


often adulterated with gum-senegal, which hafl almost 
the same appearance, and altogether the same qualities 
as the former ; the latter being considerably choapor, 
those pieces which are small, light-colored, dry, easily 
broken, and which, in fact, most resemble gum-arabic, 
are mixed with it, aniBsold as such. 

It is sometimes also mixed with common cheiry-treo 
gum ; but Hiis is generally in dark-brown irregular 
masses, difficult to break, and when thrown into water 
they swell and separate from the homogeneous muci- 
lage afforded by tlie genuine gum in gelatinous clots. 
This is equally cflective as a test, wheOier the gum is 
or is not pulverized. 

Giim-arahic; when ground is in the state of a white 
pow'der, and is consequently sojihisticated witli starch 
and flour, and the gum generally is altogether replaced 
by gum -Senegal, or parlly by cherry-tree gum. 

Gum-scnegal itself is often mixed, both when in tears 
and when ground, with cherry-tree gum. 

The presence of starch and Hour may be readily de- 
tected by boiling a small quantity of the suspected gum 
in \vater, and tesling the mucilage, ivhen it has become 
cold, with iodine, which imparts to starch an intense 
blue or violet hue. 

PiTRiEiCATiON. — A patent was granted, in the year 
1848, to M. H. Pi(!<.:iOTTo, for twm several mctiiods of 
imrifying and decoloring all varieties of gum-arabic. 
The first of thesij is as follows : — 

A rather strong solution of })ui‘e sulphurous acid gas 
is prepared by one of the ordinary methods, and pro- 
tected as miieh as pos.sible from the contact of atmo- 
spheric air. In each six to twelve parts of this solution, 
one ])art by weight of gum, cither in its natural state 
or in powder, is iiitioduccd. When it has dissolved, it 
will be found tlmt the greater portion of its coloring 
mat lor will have been destroyed, or has chemically 
! combined with the sulphurous acid, forming a colorless 
compound. 

Tiic sulphurous acid may ho brought into contact 
with the gum by other methods than tlie one just de- 
scribed, as by passing a current of the gas into a con- 
centrated solution of gum, or by introducing the gas 
into a close recieiver, surrounded with a refrigerating 
substance or mixture ; in which case, by the action of 
the cold and the juessure of the gas itself, it will bo 
condensed into a fluid, and in this stale may be com- 
mingled with a solution of gum. 

Various processes may be resorted to for the re- 
moval fiom the solution of gum, of the free acid, or 
the acid combined witli the coloring matter ; but the 
puteulcc jirefors the following ; — 

Ilcat is applied to the close vessel containing the 
menstruum, during which time tlie portion of gas 
evolved may pass througli a tube into another receiver 
containing water, and thus be recovered for another 
operation. The hot mixture is then run off in small 
portions into a larger and open vessel, containing 
a slight excess of some salifiable base, which, in its 
combination witli sulphurous acid, will form an in- 
soluble salt. For this purpose, carbonate of baryta is 
to be preferred, as l|Oth the sulphite and sulphate of 
baryta are insoluble. The combination is aided by 
agitation, and when the whole of the disengaged car- 
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boniQ acid gan haa boeu drivoo off, and the solution 
hm become neutral, it is allowed to rest for eomo hours 
—■the vessd being covered — so that the coarser 
of the solid matter may be deposited. The neutraliza- 
tion of the , acid may also be effected without previously 
heating the Hquid ; but then the patentee recommends 
that it should be heated after the combination has 
taken plaoe, so that the whole of the carbonic acid, 
which might retain in solution a small partion of un- 
decomposed carbonate of baryta, may be evolved. 

Tlie menstruum is now to ilitcred, in order to 
remove the sulphite of baryta and other insoluble im> 
purities. The filter employed by the patentee is a 
thin layer of .pure gelatinous hydrate of alumina laid 
on cloth ; but the liquid may also be forced through 
unglazed earthen or stone ware. After the solution 
has percolated either of theeo media, it will be found 
that all ligneous fibre, silicious and earthy matters, 
and all particles of insoluble gum have been separated 
and deposited on the vossols and filter employed, 
and very little color will remain in the depurated 
solution ; but when a very white gum is required, 
the process of acidulation must be repeated. By 
evaporating the filtered menstruum, a colorless, taste- 
less, and pure gum is obtained, tlie natural properties 
of which have not been in the least degree altered. 

The sulphurous acid gas may be separated from the 


and conducting the evolved gas into n roceiy may 
tainihg water. If required, the bloaqhing procto the 
be repoatotl, by introducing a current of pure Si: slight 
acid gas into the vessel containing tb#* “^’"sliocked 

1 fi* , cool, it Will be found that aii Ua 

originally united \.ith the gum arc deposilt if’the 
bottom of the vessel, and tlio pure solution i*iay be 
drawn off, or the whole contents of tlie vessel may bo 
emptied into cloth bags, when tlie fluid portion will 
percolate. 

The second process is given underneath : — 

The gum is dissolved in from six to fifteen ports of hot 
or cold water, a,nd the solution filtered through cloth. 
A quantity of pure gelatinous hydrate of alumina is 
then tlioroughly incorporated with the menstruum so 
as to form a thin homogeneous paste, and this being 
placed on doth, a pure and greatly decolored liquid 
of gum will percolate. Instead of making the mixture 
just desmibed, the simple solution of gum may be 
passed through a bed of alumina alone, or the latter 
with other substances ; and, more time being allowed 
for the filfaration, the decoloration will bo quite as well 
effected. If a perfectly white gum is require^ it will 
bo essential that the process be again repeated ; but as 
the second and third portions of alumina, after being 
used, contahi very little tinctorial matter, they may 
serve again for the first decoloration of another quan- 
tity of gum. When the hydi'ate of alumina becomes 
highly tinged, it is washed with hot water on a 
filter, to separate the gum from it ; after which it is 
edulcoratcsd with a cold Umphi sdufaon of chlorine or 
chloride of calcium, filtered, end then repeatedly sub*, 
jeoted to the acti«m uf i stream of hot water, 
vou II. 


By these means, not only its origina^.^yteOess and 
purity, but also its chemical affinity for tmotoria) matter, 
are restorod, 

Statistios. — diim-arabic is imported ehher direct 
from Alexandria, Smyrna, Tripoli, Mo^ore, Tangiers, 
et cetera f or second-hand from those places through 
Gibraltar, Malta, and the Italian ports. 

Previously to the year 1842, the duty on gum-arabic 
Jrom British colonies was six shillings per hundred- 
weight; from other parts twelve shillings; but the 
duty was then fixed at twelve shillings per hundred- 
weight upon all gums, of whatever origin, and this 
was subsequently reduced to one shilling upon the 
same quantity. Of twenty-five thousand, two hundred 
and eighty-nine hundredweight imported in 1839, 
Tripoli, Barbary, and Morocco furrnshed four thousand 
five hundred and eighty-seven ; Turkey, four hundred 
and thirteen ; and the Cape of Good Hope, two thou- 
sand seven hundred and thirteen, while fifteen thou- 
sand four hundred and thirty-one hundredweight were 
from the East Indies. 

The trade in gum-senegal is principally in the hands 
of the French, 

AUSTRALIAN GUM.— In 1848, Dr. Hopff re- 
ceived a gum, purporting to be from Australia, which 
consisted of reddish-broi ^ ‘»'Hl,te)?vTii8h-yellow pieces, 
mostly 8eniiglobulaivtea|»' otfj g^eyisb opafeeroiEce ; -*• 

in ^ 1 


solution of gum, without neutralizing it by means of a J parent, to Which the bar£ jo^hit \*m decisive re- 
1)880, by boiling the mixture in a close air-tightjcom- | Unally this gum was mueff!? smons aotuaa^ 

pulverieetf/v^ric oi'n 


.1 middllSl a 

inouutaitious portifflfe of India. found 


this gum to be identical with 

^ ■'w'A.U^UjLuUa] 


be had pro- 


^ n,n warcl/-'^*‘l>Je drug ttrni ,, 

Bubnitratc of mercury produced iimi ruhnim astria- 
nitrate of mercury gave a similar,' juvnad-^^uthority, 
action ; chloride of mercury occasioned no change ; 
iodine scarcely tinged the roenstnium. — Pharmac&tid- 
cal Journal. 

From tljo above characteristics it will be seen, as Dr. 
Pebcira has remarked, that the Australion gum bears 
more resemhlance to that of the cherry-tree than tiiat 
of tlic acacia. 

GUM-BASSOKA, though described by continental 
phannacologistB, seems to bo new, of nearly so, in 
Britisli commerce. According to Dr. PeBeiba, it 
occurs in variable-sized pieces, which are whitish or 
yellowish, and opaque. It appeals to belong to the 
Bassorine class, as when put into water, it swells up, 
but dissolves only in part. Its origin is unknown. 

BRITISH QViyi. — Artificial Gum— Torrefied 
Starch — Dextrin . — Under these names a modification 
of starch is known, which is often prepared in the fol- 
lowing manner : — 

Well-dried starch is heated to 300** in sheet-iron 
trays, when it intumoeccs, giving off vapors and the 
odor of highly-baked bread, and forming yellowirii- 
brown masses. This, when ground, i$ employed as a 
substitute for tragaoanth, Senegal, and sirnS# gum^i, in 
the dressing, stiffening, i^msing, sizing, djoing, prinfing 
^ond finishing calicos, ne^/crape£|,lam, silki^ 
and all gooik of a sliniUw kind. 

2 n 
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Starch, when aubmittcd to the above process, is con- 
verted into a gammy substance, which, having lost all 
gelatinous properties, is soluble in cither cold or hot 
water ; and iodine, instead of causing a blue color, as 
with unaltered T^tarch, communicates to it a dingy 
purple tint. 

It possesses the characteristic property of turning 
the plane of polarization to the right when acting on 
polarized light, and is consequently sold in Paris under 
the name of dextrin. 

British gum or dextrin is now met witli in commerce 
in three distinct forms ; namely, as a white, brilliant, 
and pearly powder ; as a Biru})y solution ; and in tlic 
form of exotic gum, in gi'eater or less perfection, either 
broken into small fragments, or made into rolls of 
various sizes. 

Formerly, it was only pn»ducod in the first condition, 
that of powder; and if some manufacturers have at- 
tempted to impart to it the appearance of the produc’t 
for which it is so much substituted, they may have 
boon induced to do so from the conviction, that Ihi^ 
1 1 only way to supersede the old plan was by humoring 
and oven deceiving its consumers with the outward ap- 
pearance of tlie old product. 

It has since been discovered, that many advantages, 
not primarily expected, are attendant on the com- 
munication to dextrin of the form and appearance of 
natural gum. It is easily dissolved, and makes a clear 
Hvdiition ; in the state of powder it possesses the supe 
riority over dextrin of being more readily packed ; 
over Kt^iud gum, the advantage of not 

A misapprehension seems xicqucntly as a 

-that, taking Ad,va'>4lhl'’:e of the medicines. It is 

mouth to allay 

|V ^’ | y accompany arlifioial gum, are 

; and thus, if tlic pur- 
chaser suspects fraud, the most ready means for its 
detection are in his possession, and may bo at once 
applied. 

British gum may be prepared by many other pro- 
cesses than the one just de.scribed. Bcsi«le.s being pro- 
cured by torrefaction, it is also obtainable, either )>y 
the use of acids, or by moans of diai.tase. 

Pa YEN discovered a method which furnishes a 
whiter and more soluble product than can be obtained 
by torrefaction. It consists in moistening one thou- 
sand parts of dry starch — potato-starch is generally 
used — with very dilute nitric acid, consi.sting of two 
parts of the concentrated acid to three hundred of 
water. The mass is then divided into small blocks, 
which, when exsiccated in the air, arc rubbed down, 
and exposed in a proper stove to a current of air 
heated to about 150® or ICO®. The powder is ulti- 
rnatelj'^ well dried at a temperature not exceeding 230®. 
When well nuidc, it dissolves in cold or slightly wanned 
water, with the same facility as gum. The modified 
starch obtained by this mode has been also called 
leiocoin. — Brands. 

A patent was granted in May, 1845, to J. F. Pinku, 
for uflprovemcnts in the method of treating farinaceous 
matters for the prodnciifm of British gum. The modus 
operrtndi Is as follows! — 






Half a gallon of nitric and lialf a pint of hydrochloric 
acid are mixed with one hundred gallons of spring 
water, and as much flour or fccula being then added 
as is sufficient to form a paste, the whole is well worked 
together, and left for two hours to settle. After the 
expiration of this timer, the paste is carefully removed 
into buckets properly prepared for allowing the water 
to drain off. When this has been effected to the re- 
quired extent, the mass is divided into small lumps, 
which are placed on shelves in a drying-room, and 
allowed to remain until fully desiccated. They are 
then reduced to powder, and placed on the shelves of a 
stove, the temperature of winch is raised, on the first 
day to 100°; on the second to 150®; and on the third 
clay to 190'’. After tliis process, the powder is allowed 
to cool, and is then passed tlirough a sieve. It is next 
placed in an oven, heated to from 300° to 350°, and 
when thoroughly baked it is ready for use. 

'I’he operator can ascertain if the process has boon 
correctly carried out, by mixing a small quantity of 
the powder with filtered water, in which it should 
readily dissolve without leaving any sediment. 

It will require little discrimination in the reader to 
see that tliis process, though there is some slight varia- 
tion in the quantity and kind of acid, is yet ossentially 
the same process with that of Pa yen given above. 

If the flour or fecula be grey — that is, if it has been 
IwdJjr prepared, and adulterated or damaged — tbe 
A rathc> substitutes half a pint of sulphuric for tlic 
is preparoCoric acid, by tlic agency of which, ho stab's, 
tected as Hogcneous mailers arc separated from the good 
spheric air. 

one part by tent also extends to the production of the 
or in powder is introautcii,,gj,}-,',yo 
I c(/ /nspareney; and for this purpoi.^ 
dcr Th^ ^‘ *\cd, after it has gone through the stove and 
been siffed, witfi ns much water us will bring it to the 
consistence of a paste, adding one part of nitric acid 
to each four hundred parts of water. When well mixed, 
the paste is spread iq.on copjier dishes, in layers three- 
fourths of an inch deep, and siiljcctcd, in an oven, to 
a heat of 240° to 300'\ As soon as it has become 
sufficiently hard, it is removed from the oven into the 
open air, and when cool, is ready for use. 

Since the discovery, by Payen and Persoz, of dias- 
tase — described at page 71, Vol. I. — another method* 
for the fabrication of artificial gum has been devised. 

This process seoms to be the most worthy of atten- 
tion, and by acce}»ting Die modifications of M. EMir.E 
Tjiomar, it will be found to give more perfect resuhs 
than any other. Thomas’ improvomeuls with the 
original method of operation are thus described in the 
Bidhtimde la Societe d' Encomagemenl : — 

The fecula must be rendered soluble in vats, heated 
by steam in such a manner that the temperature can 
be lowered or heightened with ease. The fecula is 
first mixed with four times its weight of water, previ- 
ously brought to the temperature of 120°; and, for this 
puqiosc, is gradually introduced into the boiler or other 
vcissel containing the hot water. M. Thomas em- 
ployed double-bottomed copper boilers, capable of con- 
taining four hundred gallons, and at one 0])eration, six 
hundred pounds of fecula, mixed with one thousand 


^ ’ ~um both in 
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two hundred quarts of water were deconiposoJ. Tlie 
temperature must be kept at about 140®, until tlie 
whde mass is converted into starch. Two per cent, 
by weight of very fine white malt, and the mucilage 
obtainable from one per cent, of linseed, are then 
added. The latter imparts tenacity to the gum. If a 
greater proportion' of malt than that just mentioned 
were employed, the docompoaition would, doubtless, 
be effected more rapidly ; but much more glucose 
would be formed, and the gum would be, to a greater 
or less extent, colored. 

The temperature of the mixture must be maintained 
at 120® or 140® until all the starch is rcdissolved, when 
it should be suddenly elevated to 1C7®, as nearly as 
possible, in order to cause the most poweriul action 
of wliich the diastase is capable. The thorough agita- 
tion of the mixture is then requisite, until the decom- 
position is almost complete; this may be ascertained 
by tlie deep blue tint which the mixture acquires, and 
also by the action of iodine, wliich will communicate 
to the dextrin a purple or violet lint. 

The operation lasts about an hour and a quarter ; 

' fifteen minutes are required for the formation of the 
‘ paste, the same period for its dissolution, and the re- 
' maining lime for rendering it soluble. 

! M. Thomas prefers tliis method of forming the 
I paste to adding the malt, as the roagi'ut spreads much 
1 more uniformly throughout the mass, and docs not 
1 subside to tlie bottom of the vessel. 

: j The liquor must now bo removed from the dccom- 

I posing vats, and left in pans to settle. This may 
' require from six to eighteen hours, according to the 
|"T* — tempera ture. During Ibis period, a slight 

I I fermuntotioii wiinitn'JOrGciva Lhut be checked 

I i by tiio addition of one hundred an (1 TTrly-1 JVergrain® of 

I I alum for each twenty-five gallons of the liquid. It is 
1 1 essential that sunicient time be allowed for subsidence 
j of the ihenstrimra, as by this means two serious evils 
I ' are avoided — the coloring of the gum during the baking ; 

I ; and a singular phenomenon so often ohserved in eva- 
I porating viscous liquids, namely, their being quite still, 

' which, Thomas states, is caused by the accumulation 
j of a thick crust on the sides of the evaporating vessels. 

I The liquor, when drawn off after subsiding, is con- 
i contrated by raising it very slowly to the boiling point, 

I which precaution is indispensable, for the perfect clari- 
^cation is effected without aJiy foreign agent, by the 
coagulation of the vegetal albumen contained in the 
malt and the linseed mucilage, and is best attained by 
checking Uic first boiling. The scum which risefl 
while the heat is maintained, iiuwt bo carefully re- 
moved, and if the boiling is too much accelerated, tluj 
gum will first become thick, and afterwards^ will be 
colored. When a solid pellicle forms on the surface 
of the sirup, the baking will be completed. 

If it bo desirable to proservo the gum in a liquid 
form, the boiling must be stopped when the menstruum 
has acquired a suflicieut density, and it must then be 
pom’cd into wcll-closcd 

with oil of turpentine, and the surface of the gum 
should bo covered with a tliin layer of the same. This 
method prevents, tolerably well, tlio fermentation of 
the fiiiid gum. 


When the dextrin is to be solidified, the boiling 
sirup is poured into small, shallow tin vessels, placed { 

upon a hot air stove, maintained at a temperature of | 

from 100® to 120®. At the end of twenty-four hours ' 
the gum acquires the consistency of Jujube paste, and i 
it is then cut up, with a pair of shears, into small | 
oblong pieces, which are rolled out upon a polished 
surface, with a wooden cylinder ; dusted with pulver- | 
izod artificial gum ; and aftciwards placed upon wooden | 
frames, wliere it is allowed to remain drying for three j 
or four days. Thomas suggests tliat the gum woidd ’ 
be much better desiccated by permitting it to run upon ! | 
a cylinder heated to 230° or 250°, but be adds that the , ! 
economy of this method is questionable. 

The last-named authority has remarked with reference : 
to British gum prepared by sulphuric acid, that it pos- j 
Besses tlie disadvantageous property of being deliques- i 
cent. This method is, therefore, never employed, as j 
besides this, the products are often colored. He also ' 
states that when nitric acid is employed in the prepara- 
tion of dextrin, it must he perfectly pure. Commercial 
nitric acid, as obtained by the action of oil of vitriol upon 
nitrate of soda, always contains a small amount of chlo- 
rine; and although this element is contained in diinin- 
isliod proportion in the dextrin, it is nevertheless sulTi- 
cient to considerably lessen the brilliancy of the colors 
prepared with the dextrin. Several j)rinter8 upon paper 
and vegetal tissues have observed tliis, hut liave been 
unable to account for it otherwise than by attributing 
it to tiie inferior quality of the gurn. 

GUM-BUTEA is the produce of the Jhdea Front^osa, ' 
.1 middling-sized tree, common in Bengal ««v6 the 
mountainous portions of India. found 

this gum to be identical with pro- 

viou'oly obtained in tW warelil*^ W drug firm 

in [jondon, under the name ot rubrttm aslrm- \ 

yens. It occurs, according to the last-named authority, 
in small, elongated tears, which arc blackish externally, 
and have fragments of hark adhering to thorn. Small ' 
fragments examined by transmitted light are ruby-red. ; , 
It has an astringent Uiste, and contains fiom fifteen to j , 
twenty-five p(‘r cent, of imi)urities, consisting of wood, \ j 
bark, small pebbles, and sand. According to Solly, | ; 
the gum, when purified by water, so as to separate the | 
extraneous matters, is compnsed of — j 

t'oiiloslmally 

Gain, with gallic acid aud oilier suluMo siih^ unices, | , 

Tiuiiiic ucid, 2 1 *07 j j 

Soluble extractive* TrO? j 

100*00 

It is employed by the natives of North-western India 
for pi’ccipi kiting their indigo, and in tanning, English j 
tanners,^howevcr, object to its use on account of the i 
disagreeable color it communicates to the leather. | 

C H EU li Y -TREE G U M , (row we de cermer^ Erqnch ; | 

Kirschgnmmif Gorman ; Gummi cmist, Latin ; ^hich j j 

is also procured from the trunks of plum, poach, iq^ricot, , j 
juai-otiRtf- rosacapus is aixrnlav in appearance to ' ' 
the poorer qualities of gum-arabic. By the Action of 
water, in which it is only soluble to a partial extent, it i 

is divisible into two portions, iliat which is dissolved | 

being arahin^ while the insoluble matter is fCerasln. 1 j 
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It bas not been analysed, but its composition is pro- 
bably the same with that of gum-arabic. Cherry-tree 
gum is not thrown down either by silicate of potassa 
or by nitrate of mercury. It does not gelatinise witli 
sesquichloride of iron, but a precipitate is produced on 
the addition of chloride of tin. 

It does not seem to have been employed for any 
piupose whatever in this country. Dr. Pereiba 
has suggested its substitution for gum-tragacanth in 
medicine. 

GUM-KINO. — GommeKviOy French; GuramiKino, 
German ; Gummi KinOj Latin. Of tliis so-called gum 
there are two varieties, Botany Bay and East Indian 
kino, the former being the inspissated juice of the 
Eucalyptus Besinifera^ or Iron hark, a native of 
Australia and Van Diemen’s Land; while the latter 
kind is the produce of IHerocarpus Erinaceus or E. 
Marmpium. According to Guay, when an incision is 
made in tlie trunk and branches of the tree, the juice 
exudes, at first, of an extremely pale-red color, and in 
a very liquid state ; but it soon coagulates, becoming 
of a deep blood-rod hue, and so remarkably brittle, 
that its collection is attended with some difficulty. 
East Indian kino, Dr. Pebeika remarks, is presumed 
to be the substance referred to in the British pharma- 
copoeias, as it is always regarded- in commerce as 
f/enuine gum-kino. It is imported in boxes from Bom- 
bay or Tellicherry. 

Properties. — East Indian kino occurs in small, 
angular, glistening fragments, the larger of which 
app'jar almost black ; the smaller being ruddy. When 
they are opaque, but in tliiii laminae are trans- 
Ijarent &.n.\ niby-rcd. They are Wittle between the 
Ungers, the mouth, adhere to tlie teeth, tinge 

afcmi Wi(} 

water a deep-red color ; the aqueous decoction, on 
cooling, becomes turbid. In the latter solution, gelatin, 
tartrate of antimony and potassa, acetate of lead, ses- 
quichloride of iron, and nitrate of silver, produce pro- 
cipntates. 

Botany Bay kino is met with in irregular masses, 
many of them in the form of tears, somewhat resem- 
bling those of cherry-tree gum in outline, and m large 
as those of gum-sencgal. The purer pieces are vitreous, 
almost black in the mass ; but when in small and thin 
fragments, transparent, and of a beautiful ruby-red. 
Some of the pieces, however, from the intermixture of 
wood and other impurities, are dull. When chewed, 
it sticks to the teeth, and has an astringent teste, but 
is devoid of odor. Digested in cold water, it swells, 
becomes soft and gelatinous, and yields a red liquid, 
which gives an acid reaction with litmus paper, and 
yields precipitates with lime-water, gelatin, aqetato of 
lead, sesquichloride of iron, and — if a little caustic 
potassa OT ammonia be previously added — ^with chlo- 
ride of calcium. Tartrate of antimony and pot^a 
occasfsiis no deposit. Digested in rectified spirit, 
Botany pay. Jcino, bocomoo g^datinans, as with WAtety 
and affoMs a similar red solution^ in which water 
oauses no subsidence, but which reddens htmus, and 
deposits a copious precipitate when potassa, ammonia, 
or lime-water is added.-— Psrsfra. 


In 1852, Dr. Ohristison received from a mei-chant 
of Moulmein, a specimen of kino produced in that 
locality, possessing the physical and apparently the 
chemical properties of the ordinary kino. Though a 
small quantity of it was once shipped to England, it is 
yet, as an article of commerce, unknown. 

The pharmacologist last named thus describes it : — 

This product consists partly of little angular frag- 
ments ; but there are larger masses which seem to be 
portions of cylinders, about half an inch in diameter, 
a[)parently moulded by collecting the juice in reeds. 

I These have externally a greyish, striated surface, most 
unlike that of the broken fragments of commercial kino. 
They are easily frangible, the broken pieces possessing 
I the exact appearance of ordinary kino, except that they 
are blacker and more glassy by reflected light; and 
though opaque, by transmitted light, wlicn of very 
moderate thickness, yet in very thin fragments, they 
are of a splendid cherry- red color. They are easily 
reduced to fine powder, which has a dark, dirty, lake 
tint. Their taste is very slightly bitter, and intensely 
astringent. 

Cold water acts more quickly on this kino than on 
that of commerce, gradually dissolving a very large 
proportion of it, forming a deep cherry-red astiingent 
solution, and leaving a residue of greyish flocculent 
matter, which is soluble to a great extent in bailing 
water, and which appears to he analogous to the inso- 
luble variety of gum called bassorin. Boiling watei 
dissolves tin’s kino almost entirely, and the menstruum, 
when cold, continues nearly transparent for at least an 
hour; it afterwards iKJComcs slightly turbid, and a 
scanty flocculeiit precipitate slowly subsides. TF'*! 
hot and cold >ti 8 of iron , 

w/ifcn me liienstnium is concentrated, a dirty-grey 
precipitate is formed so abundantly, that the whole 
fluid becomes a thick, pulpy mass. A solution of one 
part of the kino in twenty-five of boiling water forms, 
with the iron- test, a magma too thick to flow, Everi 
a solution in seventy-five parts of cold water has a 
beautiful intense cheny-red color, and forms with ses- 
quichloride of iron, in tlie course of an hour, a pulp so 
thick as to flow only sluggisWy. 

On com])aiing these characters with a fine specimen 
of kino of home trade, and also with a sample from 
neighborhood of auomBOor,Dr. Christison found the 
last two to be identical, with the single exception, tliat 
the Goomsoor product is somewhat redder when seen 
ih bulk, and that the Moulmein kino is blacker, more 
vitreous in lustre, •rather more easily soluble in cold 
water, and with rather less residue ; and when the cold 
solution is diluted to the strength of one in seventy-five, 
it requires rather more sesquichloride of iron to tljrow 
down all its tannin, and, consequently, the precipitate 
forms with the water a somewhat firmer pulp. This 
kino dissolves, witli only a trace of flaky residue, m 
rectified spirit, which forms an intense cherry-red tinc- 
tlure of-jvsry pure astringent teste. Its physical char- 
acters, the action of water, 'and the properties of the 
aqueous solution, are enough to prove that the Moul- 
mein kino is identical with the kino of commerce, and, 
in point of quality, is somewhat superior. There is no 
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doubt, from its tafite, and the action of the iron-tost., 
that analysis will prove tlie presence of a larger pro- 
portion of tannin. 

It does not absolutely follow, even from the exact 
coincidences now mentioned, that the Moulmein kino 
is derived from the same botanical source with the 
present officinal kino. The latter has been accuratel}’ 
referred, by the separate researehes of Gibson, Per- 
eira, and IloYLE, to the Pterocarpus marmpium of 
Roxburgh. But the Butea frondoaa also yields a 
fine kino, which is scarcely distinguishable in chemical 
properties from the* officinal kind. — Pharmaceutical 
Journal, 

Composition. — Gum-kino was first analysed by 
Vauquelin, in whose days the resources of chemistiy 
were very much limited, causing a deviation from the 
trutli in many cases, and occasioning, with regard t(j 
all investigations of the period, a great amount of doubt 
as to their correctness. 

The oompuratwely simple tabulation of Vauquelin’s 
results is as under : — 

Ceiitoa!maH>. 

Tannic acid and peculiar extriM'livc, 75 

Red gum, 24 

Insoluble matter, 1 


Tho presence of catechuic acid has subsequently 
been proved by A. W. Buchner. 

Uses. — For medical pui 7 )oses only ; it is administered 
in cases of obstinate diarrhoea ; it has occasional!}' 
been applied to flabby ulcers as a local astringent. 

Statistics. — Ghim-kino is imported from Rangoon 
and Madagascar into London and Liverpool, in chests 
and boxes containing each from one to three hiindred- 
wfight. It varies in value from fifty to seventy sliiU 
lings ])er hundredweight Duty-freo. 

GUM-KUTEKKA bears considerable resemblance 
to flaky tragacanth, for which it has occasionally been 
attempted to be substituted. Guibourt considered it 
as identical with gum-bassora, but Pereira states that 
it is very distinct It is supposed to be produced by 
tho Steretdia Urens, a plant of tlie family Byttmriacea^ 
and is unknown in British commerce. 

GUM-MEZGNITK, known synonymously as mucked^ 
mesgneetf or musgmtj has been described by Morfit, 
who was led to submit it to a chemical examination, 
on account of the facility with wliich it may be obtained 
in large quantities, and its very probable prospective 
value as an article of commerce* 

It is said to bo the product of a tree flourishing 
extensively in the high and diy regions of the plains of 
Western Texas, Now Mexico, and the adj{icent Indian 
territory. It is a spontaneous semifluid exudation, 
concreting by exposure into tears and lumps of variable 
size and form. A portion of the sample obtained by 
Dr. Shumard — who first brought it into public notice 
in 1B54 — consisted of small irregular pieces and 
rounded balls about the size of a Ixazel-nut; semi- 
transparent, and shading in color from a lemon-white 
to a dark amber. When broken, the fractured surfaces 
were hrilliant, and the gum was easily reduced to a 
dull white powder. One of tlie balls was enveloped 
with an outer pellicle of gum, about one -sixteenth of 


an inch in thickness. Its specific gravity was 15, but 
Morfit remarks that this determination may admit of 
correction upon purer samples than were obtainable. 

Its proximate composition was found to be : — 

Omtasimalty. 

Arabia, 84*967 

Bansoriu, 0*206 

Water, 11-640 

Inorganic matter, 3*000 

Impurities, 0*236 


Its elementary composition is represented by Morfit 


Contesimally. 

Carbon, 44*706 

Hydrogen, 6*500 

Oxygon, 48*794 


which approaches very closely to that of gums arabic 
and Senegal, as represented by Guerin and Mulder. 
The general appearance of the gum, continues its 
describer, is similar to that of gum-scnegal and the 
dark inferior qualfties of gum-arabic ; while in chemi- 
cal properties it is also allied to tlicm, being insoluble 
in absolute alcohol, partially soluble in alcohol of tho 
ordinary strength, and readily forming with hot or cold 
water a very adhesive mucilage. It is, in fine, a true 
gum, and promises, in its physical and chemical beha- 
vior, much of the advantage expected by its discoverer, 
as an economical substitute for gum-arabic or Senegal. 

MUCILAGE. — Mucilage^ French; Sckleim^ Ger- 
man ; MucUago^ Latin. — ^klany seeds, roots, ei cetera^ 
when infused in water heated to IGO® or 170°, imptirt 
to it a substance, which, when purified by percolation 
and evaporation, bears considerable resemblance to 
gum. 

Quince Mucilage. — Cue part of quince seed. Dr. 
Pereira states, forms, witli forty parts of water, a 
thick mucilage, which yields with acetate and subace- 
tato of lead, protochloride of tin, nitrate of mercury, 
and sesquichloride of iron, gelatinous coagula or preci- 
pitates. Rectified spirit produces at first scarcely any 
effect; after some time partial concretion occurs. 
Sulphuric acid communicates a pinkish tint, and causes 
the separation of a frothy coagulum, which floats on 
the mixture. Silicate of potassa, infusion of galls, and 
oxalate of ammonia produce no change in the mucilage. 
Quince mucilage is distinguished from arabin, by the 
effect on it of alcohol, silicate of potassa, oxalate of 
ammonia, and sulphuric acid ; from bassorin and 
ccrasin by its solubility, both in cold and hot water; 
from tragacanthiu, by the reactions caused by alcohol, 
oxalate of ammonia, and sulphate of iron ; from carra- 
geenin — see canageen mucilage below — ^by tho effect* 
of silicate of potassa and acetate of lead. ^ From tlrose 
and other peculiarities, Dr. Pereira proposed to call 
it cydonin — derived from tlie name of the quince-tree, 
Cydonia Vulgaris, 

Carrageen Mucilage. — The mucilaginous con- 
stituent of Carrageen or Irish moss — chondrw crispus — 
temed by some writers vegetal jelly, pr vegetal mud-* 
lage, was, from its appearing to have peculiar character- 
istics, designated by Dr. Pereira carrageenm. Its 
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propertios, according to that distinguished phaiinacolo- 
gist, are as foDow : — 

Oarrageciiiu is soluble in boiling water; the menstruum 
gives precipitates with subacotato of lead and silicate of 
potassa, and, if sufficiently concentrated, gelatinizes on 
cooling. It is distinguished from ordinary gum by its 
aqueous solution not producing a precipitate on the 
addition of alcohol ; from starch by its not assuming a 
blue color on the addition of iodine ; from animal jelly 
by tincture of galls producing no precipitate; from 
pectin by the absence of any reaction with acetate of 
lead, as also by the formation of no inucic acid on the 
addition of nitric acid. — Pereira's Matcft'ia Medica. 

Linseed Mucilage is extracted from tlie seeds of 
the flax-plant, Linum Usitaiksimum^ by the agency of 
hot water. Alcohol causes the formation in it of 
white mucilaginous flocks. It is iUso precipitated by 
protochlorido of tin, and by acetate and subacctate of 
lead. It possesses an acid reaction, and is not changed 
by chlorine or iodine. On evaporation, a substance 
similar in appearance to gum-arabic is obtiiincd, 
wliich, when digested in water, intumcsces, and partially 
dissolves. 

There are many other mucilages, but as Uiey possess 
characters in common with those described, a notice of 
them •would bo unwaiTantable. 

OUM-TRAGACANTII, or Gim-dnujon^ Gomme 
Frencli ; Qummitra(jant^Qiiiv\wm\ Guttimi 
tragacantluiy Latin — is a natural exudation from dif- 
ferent varieties of the Astragalus^ or milk- vetch. 
Oliyieh states that the tragacanth of Asia Minor, 
Armenia, and northern Persia, is yielded by the A . lVw.s. 
Mr, Brant, Englisli consul at Erzeioum, forwarded to 
Dr, Lindley a specimen of A. Gummifer^ wliieh was 
stated to bo the tragacanth plant of Koordistan, and 
producing the white or best kind of gum. It was ! 
accompanied with a plant of A . Strubili'/cniSy which 
was said by the same authority to be the shrub from 
which the red or inferior species of tragacanth is pro- 
duced. 

According to Touunefout, the Astragalus Crcticus 
also yields the gum. 

Descbiftion. — G um-tragacanth is white, yellowish, 
or yellowish-brown, and occurs either in moderately 
large, broad, thin i)ioccs, marked witla arcliod or con- 
centric elevations— tragacanthy — or in small, 
twisted, filiform, spiral fragments — vermiform traga- 
canUh. The former is the kind usually found in this 
country, while the latter is common on the Continent. 

Collection and Assortment. — According to S. 
II. Maltas.s, tlie following is the manner in whicli 
.gum-ti*agacanth is collected: — In July and August 
the peasants clear away the earth from the lower part 
of the shnib, and make several longitudinal incisions in 
the bark ; the gurn exudes the whole length of the in- 
cision, and dries in flakes ; three or four days are suf- 
ficient for this purpose, and the product is then col- 
lected. In some places the peasants also puncture 
the bark with the point of the knife. If the weather 
be hot and dry, the gum is white and clean ; but if 
the atmosphere be damp, and the temi>eraturo but 
moderate, a longer time is reqidred for inspissation, 
and the gum assumes a yellow or brownish tinge. 


High winds are favorable for drying, but they cause 
the contamination of the gum with earthy and silidious 
matters. While engaged in this labor, the peasants 
pick off from the shrubs the gum which exudes natu- 
rally, and this constitutes the variety known in Britain 
as conimm or sorts. Tiie whole of the tragacanth 
gathered is mixed and sold to native merchants, who 
send it to Smyrna for re-salo, in bugs containing about 
two bund Jed weight each. lu this state it is termed 
rough gum, and contains as follows: — 

^ P«r 

Flaky or leaf |?um, porfvctlv white, ... 40 to riO 
Flaky or leaf gum, iliucoloruJ or brown, 16 to 


Yeimictlli gum, 10 to 15 

Commou or burls, ,‘J6 to 10 


The finest parcels, cozitiuues this authority, contain 
the most vermicelli, which is nothing more tlian the 
siftings of the leaf gmn which is broken by carriage 
from the interior, and by removing from one place to 
another, together with the small vermicular masses 
termed Sesame seed, wliich arc collected with the leaf 
gum. 

When gum-tragacanth is inirchased for shipment to 
Europe, it undergoes the following assortment ; — The 
laigc, white, flaky, or leaf gum, termed Fraich queditg, 
is fii’st picked out, ami the residue is sifted. The 
coarser portion is returned to the pickers, who remove 
the discolored lextf which is termed English quality. 
The reitiuimfijr is tlien examined, and any stones, or 
dirty, very black jiieees are thrown aside ns refuse ; 
tlic rest, composed of naturally exuded gum and brown 
leaf, is dcnomiiiuted common or sorts. 

The head-man or master-picker then siibjecls tlie 
gum which passed through the first sieve, to tlic action 
of a second and finer one, occasionally throwing out 
any straw or oilier light extraueoua substance which 
may rest at the top. Tlio gum remaining after tin’s 
secund sifting is given to the women to assort at 
their own houses. The ichite is sejurated from the 
hroum, and the hittcw from the common. Tiie first 
is mixed with the Fieneh, the second with tiie English 
quality. 

A thii'd, and still fiiior sifting now takes place. The 
gum which iiasscs through is termed Sesame seed ; the 
coarse, which remains upon Iho sieve, is vermicelli. 
Both qualities are carefully picked by women. When 
cleaned, the Sesame seed is again sifted, and the dust 
and minute particles arc added to the sorts or common 
gum. Thu Vennicelli and Sesame seed are then 
commingled, forming the vermicelli tragacanth of 
commerce. 

When tlie gums arc intended for tlie French market, 
tlie fine white leaf only is shipped ; the vermicelli is 
sold for Trieste, and tlie discolored leaf and sorts for 
England. 

If, however, the whole parcel be worked for.Britain, 
lUid bo required good, the Fieiich and English qualities 
are mixed, and the brown leaf which bad been left in 
the sorts is also picked out and added. This procedure 
reduces tlie value of the common or sorts. 

The various siftings and pickings to which gum- 
tragacanth is subjected at Smyrna, may be thus tabu- 
lated: — 
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Rough gum-tra- 
gocauth aa mir- J 
chosod from 
tho noawiniP, 


Bold white leal 
gum — French 
quality ia pick- 
ed out. 


Residue ia «i fl- 
ed til rough u 
coarao sieve, . . 


Common or sorts 
and disdohyred 
leaf remains. 


Uosklueisaifled, 


Slightly discolored 
loaf, termed Kng- 
lish quality. 

Common or sorts. 

Refufc’e. 

f Small white to 
be mixed with 
French qu.dity. 

Small brown to he 
mixed wdih Eng 
lish quality. 


added to 

Stsamc — ia sift- sorts, 
ed. J 


(Jomnmn or 

UU'siauc is 1 >nai'‘»o»»K've, 


Sesnmr. 


) VciTuicelli gum 
r ofc 


1 commerce. 


! 1 


' ; PuoPEUTiES AND COMPOSITION. — Gnin-lragncaiilli 
’ ifci the type of the Bassorin class of gums. It is 
destitute both of taste and odor. Its tong] mess is so 
I great as to prevent its pulverization until it has been 
! exsiccated at 212°, when it becomes tolerably brittle. 

* ' I Instead of dissolving in water like gum-arabic, it intu- 

i , I mcsces, forming a mucilaginous magma. On subjecting 
; ' j this to ebullition with walcr, it gradually acquires Urn 

I 1 appearance of a solution of gum-arabic, in consequence, 

I : I Brande supposes, of its transmutation into aiabiu. 

; I The soluble portion of gum tragacanth — tragacantliiu 

* I ; or adragantin — is generally regarded as identical with 
; t gum-arabic, but ditVors from it in being unchanged by 

! i i sosquichloride of iron, or silicate of potassa, and also by 
i ,1 the flocculency of the precipitate occasioned by alcohol, 
i ; ; Siibacetato of lead, protochlorido of tin, and protonitratc 
.< i of mercury, produce deposits similar to tijose caused in 
I i ' a solution of gum-arabic. The presence of lime is 
.shown by the subsidence occasioned by oxalate of am- 
! ‘ . monia. 

, ! I The insoluble part of gurn-tragacanth — hassorin — is 

1 , similar to that of gum-bassora. Starch globules may 

j I bo seen in it, with Uio aid of a good microscope, and 
i j [ tho blue coloration produced in it by iodine is a proof 
j 1 of tho presence in it of tiiat principle. 

I j De Candolle has suggested that the intumescence 
j I of tragacanth may be caused by tho gummy inatier 

! being enclosed in colls. 

I I Guiuoukt states that neither ar.ibiu nor bassorin arc 
i i present in gura-tragacanth, but that it is composed of 
i , an organised gclatiniform matter, very diverse, both 

chemically and physically, from gum-arabic, and which 
j swells and divides in water, so as partially to traverse 
! a filter. The same cliemist considers tho insoluble 
' jiortion of tragacanth to be a compound of sttiroh and 
lignin, and to have, in no respoft, tho same properties 
with bassorin. 

Gubrin-Vakry estimated the proximate principles 
of tragacanth as under : — 

reut<Miun.J2>, 


Tragncantliin or arabin, 

BaMHodn and starch, 33-1 

Water,,..,.. 11*1 

Inorganic uiattcr, * 2 ■ f) 


bUcfiise. 

— riiarmaceutical Journal. : 

The ultimate consrituciits of gnm-traguoanth have i ■ 
been determined by Hermann, and by Guerin- ( 
Varry:— j 


* 


Ontcslmnll^ ropreteiitetl. 

At 

K) Carbon, ..... . . 

30 Kqs, ll>Jn);jL'n, 

10 Eqs. 0.\y/.;c]i, 

>V< 

(JO 

10 

80 

TliooiT', 

40*(K) 

(i'GO 

Uf^nnauii. 

40-50 

0-Gl 

.52-89 

3 Eq, Oimi -tragacanth, 

150 

300 00 

100 00 

Guerjn-Varry’s results are as follow 

: — 



Coutcslnmlly. 

Cuihou, 

Ilydiogcn, . 

OxygtMi, .... 

RoUiIiIl* p.irt 

. .. 42 01 

. (1-42 

liiHOluhlo part 

.... 35*79 
... 7'n 

. r>4*47 


. .. .^7-10 


102'i)0 


100-00 


Usi:s. — Gum- tragacanth ia occasionally employed !j 
in medicine as a sheathing or demulcent agent in j j 
irritation of the mucous membranes : and also as a i i l 
vehicle for the administJ'ation of active and heavy j ' | 

medicines. i j i 

Sliooniakers use the inferior varieties, in the form of | ■ 
mucilage, for imparting a gloss to the heels of boots. j j 
AdultI'Jiation. — According to S. II. Maltass?, 1 
gum-tragacaiith is adulterated with two inferior gums. ! 
These, he says, arc collected iu Armenia and Cara- 
niania from various trees, principally wild almond and j 
^ilum. That from tlie former locality is sent to Coo- 
stantinoplo from Moussul, wlieiico it takes the name of ! 
Moussouli. The Caramanian product is sent direct | 
to Smyrna, and is termed Caraman. j j | 

Both these gums, continues he, are almost worth- | j { 
less, but fetch high prices for the purpose of mixing 1 i i 
with gum- tragacanth. By some tlicy ore considered ! 
to be an inferior kind of the same gum. As neither 1 
Caramania nor Moussul gum occurs in flat pieces like | 
tragacanth, and as they are of a dark color — particu- j 

larly the former — they would bo easily detected if ' 
mixed with leaf gurn without previous preparation, i ! 
The Jews, therefore, who adulterate all the drugs of , | | 
Turkey, have found moans of deceiving the eye by ! j 
breaking up the spurious article into small irregular j • 
pieces, which are then boated with white-lead. The i j 
leaf gum is sophisticated with this at the rate of flfty | ' 
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per cent. For mixing with the Vermicelli gum, the 
adulterant is broken into smaller fragments, and added 
only to the extent of twenty -five to thirty per cent 
The pieces are left largest for the sorts or common 
gum, which often receives oven a hundred per cent, of 
this vile trash. — Pharmajceutical JourmL 

When pulverized, gum-tragacanth is very often mi^d 
with a multitude of other cheaper powders, more espe- 
cially with gum-senegal. 

A mixture of gums tragacanth and Senegal always 
forms with water a thiimor mucilage than the same 
quantity of eitlier of them alone. The following 
process is indicated by Planche for the detection of 
tins fraud : — Make a mucilage of the suspected gum, and 
add to it a few drops of alcoholic tincture of guaiacum, 
taking care to agitato the menstruum all the while. If 
the gum under examination contain any gum-arabic, 
the mixture, in the course of a few minutes, assumes a 
fine blue color, whilst if the gum-tragacanth be pure, the 
tint is unaltered. One-twentieth of gum-arabic can 
thus be detected. It should bo remarked, that onl}' 


four or five drops of tincture of guaiacum should be 
employed for two drachms of mucilage, and that when 
the quantity of gum-arabic is very small, three or. four 
hours must often elapse before the change of color can 
be observed. When rectified alcohol is poured in a 
clear and filtered mucilage of gum-tragacanth, it pro- 
duces only a few fiakes, which float in the menstruum, 
but do not impair its transparency ; whilst, if gum- 
arabic be present, either a precipitate occurs in the 
liquid, or it becomes opalescent, according to the pro- 
portion of gum-arabic which it contains. — Normandy, 
Statistics. — Gum-ti-agacanth is imported in cases 
of one hundredweight each into London and Liverpool. 
Its value, picked, is from ten to fourteen pounds sterling 
per hundredweight ; sorts, from four to eight shillings 
per pound. Duty-free. — Poole, 

Subjoined arc particulars of the imports and exports 
of gums — Arabic, Senegal, Kino, and Tragacanth, those 
being the only gums noticed in the Returns of the Hoard 
of Trade — during the years mentioned : — 


IMPORTS. 



1850. 

1851. 

1852. 

1853. 

1854. 

18.55. 


Cw-t 

CwL 

Cwt, 

( \\f. 

Cw't 

Cwt 

Gnm-rtrabiV, 

. .. 41,049 ... 

. . , 40,0.12 

48,484 . . . 

... 01,014 ,. 

. . 40,456 ... 

. . . 43,900 

fiutn-s(‘n(*c^al, 

2,o;i5 . . . 

2,738 

4.207 . . . 

0,1 .^>0 . . 

3,171 ... 

2,104 

Gnm-kiiu), 

. . 'l07 ... 

435 , 

J59 ... 

'lOl ... 

. . ... 

611 

Guni-tragn.ca.ntli, 

526 . , . 

791 

1,151 ... 

1,390 ... 

582 ... 

300 




EXPORTS. 





1850. 

1 8.^)1. 

1852. 

1853. 

18.54. 

185,5. 


Cv t 

Cwt 

Cwt. 

( wt. 

fwt 

Cwt 

Gum-arabic, 

. . . 14,425 . . . 

. . . 10,025 

12,2i’.“j . . . 

... 14,5.59 ... 

... 12,517 ... 

. . . 20,607 

Gum-sencgal, 

5 ... 

— 

39 . . . 

80 ... 

93 . . . 

388 

Qum-kino, 

118 ... 

40 

109 . . . 

9.J . . . 

473 . . . 

22 

Gum-tragacaiiUi, 

128 ... 

109 

107 . . . 

296 . . . 

123 ... 

131 


I OTTM-BESIKS. — Gommee-r^sines, French; Schleim- 

I harze^ German ; Gumvii-rcmim^ Latin. — I'his class of 
vegetal products has long been recognised in phar- 
! macy, and the various substances forming it certainly 
1 possess a suflicierit number of peculiar properties to 
I , entitle them to bo ranked apart. Their nature is not 
i I expressed by the term gum-reain^ and the designation 
I , has consequently been condemned as improper ; but it 
I ' has been long sanctioned by use, and seems likely to 
! j be retained. They are the inspissated juices which 
j ; exude either spontaneously, or by means of incisions, 

I from the stems, branches, and roots of certain plants ; 

I , and consist of resin, guni, essential oil, with other 

j I vegetal substances, as starch, and a small amount of 
I i inorganic matter. Their general properties are, that 
j 1 1 they are solid, most commonly brittle, usually opaque, 

I 1 1 or at least their translucence is not so great as that of 

j 1 1 the resins ; they have almost always a strong smelly and 

j j ! often an acrid taste. Water partially dissolves them, 
j j I but the resulting menstruum is opaque, and in general, 

I I : lacteous. Alcohol takes up a portion of them, forming 
' f a transparent solution, which is rendered milky by tlio 
addition of water. They are principally used in mqrli- 
cine, having little application in the arts and manu- 
factures. 

AMMONIAC. — GommeAmmoniaqm, French ; Am- 
I I rnmdak-guTmrd, German ; Ammmiacum, Latin. — ^This 
I ; substance is the product of the Dorema A mmoniaeum, 


a glaucous green plant, about seven feet high, the stem 
being about four inches in circumference at Uie base ; 
a native of Persia. The whole plant, according to 
PicRKiRA, is abundantly pervaded witli a milky jnkjo, 
which exudes upon the slightest puncture being made 
even at the ends of the loaves. This sap, when hard- 
ened, is the commercial ammoniac or ammoniacum of 
the present day. 

The last-named authority states that tliis term has 
also* been applied to a gum-rcsin, the produce of the 
Ferula Tingitana, which constitutes the ammoniacum 
of IIiJ’POCRATES, Dioscorides, and Pliny. The 
second of these writers says, that ammoniacum is 
obtained from a species of Ferula, growing near Gyrene, 
in Africa. Pliny terms tlie plant Metopion, and states 
that it grows in that part of Africa which is subject to 
Ethiopia, near the temple of Jupiter Ammon, and 
received its name, as also did the gum-resin which it 
produced, from a Greet word signifying sand, in allu- 
sion to the arenaceous nature of the soil of the country. 
Two kinds of ammoniac are mentioned both by 
Dioscorides and I^ny; the best resembled olibanum, 
and had a bitter taste, and an odor like castoronm ; tlie 
commonest had a resinous appearance, (und was com- 
mingled with earth and stones. Dr. Lindlby assured 
Dr. Pereira, that African ammoniac was certainly the 
prodtuce of Ferula Tingitana, 

As the Greeks and Romans made no mention of 
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^onriaa the prodiiGt of the Doroma Am< 

mo]Qfb^Q<u&, they probably, unacquainted with it. 
AVIa$NlfA:notie6ft ammoniao, but saya nothing of ita 
m^iih 7hat of AbV Mansuk Mowafik, a Persian 
pliyaidian who wrote about a.p. 1055, and of Bbva 
BfiK Kbwab Ehak, a.d. 1512, was, doubtless, of the 
Persian hind* The Arabic terms by which the three 
last-mentioned authors designate ammoniac, resemble 
the itwo by which the plant is now known in Persia ; 
bonoe it may be concluded that they all referred to the 
same object.-^Pcrsfra. 

DfiSCmPTiOK AND PfiOPKRTiRB. — Atumoniac is 
found in tears and drops, sometimes distinct, but more 
genemlty in agglutinated masses. Externally the tears 
are yellaw, with a tinge of brown, with a waxy lustre ; 
internally they ate white or cream-colored, and opaque. 
It is moderately hard, and at ordinary temperatures 
brittle, but softens like wax with tlie heat of the hand. 
It has a faint and somewhat unjdcasant, hut very pecu- 
liar odor, best detected by subjecting it to heat ; its taste 
is bitter and nauseous. 

M. PruAHD, in 1852, discovered by accident a very 
characteristic reactioii of chloroxide of sodium — usually 
known as hypochlcjrite of soda — upon gum-ammonia- 
cum. The addition of a few drops of a solution of the 
former to on aloohoHc menstruum containing ammo- 
iiiacum dissolved, causes the immediate development I 
of a vciy distinct coloration. As this chemist was 
operating at the time with the commercial alkaline 
salt, which consists not only of chloroxide, but also of 
chloride of swlium and carbonate of soda, be thought 
it proper to inquire winch of these compounds caused 
the rciic^ioo, and bo soon found that it was due 
wholly to the chloroxide. Another question presented 
itself : — Is it the resinous or tlio gummy part of Iho 
ammoniacurn which acts in tliis phenomenon? To 
find an answer to this, ho attempted the complete 
separation of the two principles by the following 
method : — An alcoholic solution of ammoniacurn, eva- 
porated to the consistence of a sirup, was precipitated 
by distilled water. The resulting rosin, well edulcor- 
ated, was redissolved in alcoliol, evaporated, and re- 
precipitated. This treatment was repeated until nothing 
more was removed by the water, when the rcisin might 
be considered os pure. Its alcoholic solution behaved 
with chloroxide of sodium, like tlie gum>rcsin from 
which it was derived. 

The evaporated menstruum obtained in isolating the 
resin was treated with alcohol, which precipitated the 
gum, and this manipulation was sucoeasivoly repeated 
until the gum, which had a brownish cast, dissolved 
easily and completely in water. This menstruum 
giving no reaction whatever witli tlie chloroxide, war- 
ranted PlOARD in assorting that tlie coloration was 
due excLusiyely to the resin. To attain to more pre- 
cision, he anted on Uie method prescribed by Pelletier 
and BoNASTttn for the separation of tlie resins, which, 
moa th^ researches, have been termed reaim and 
auh->rmmt according to their solubility in ether ; and 
fqumd that the ethereal solution, which was of a fine 
ombfjr tint, at onoo ga^e the reaction with the alka- 
line ^lomaidsi whife the small blackish globule of 
insolnhla matter, when atfhsed with ether and die- 
VOL. II. • 


solved in alcohol, was unaltered by ihe reagent in 
question. 

The sensibility of the reaction of chloroxide of sodium 
upon ammoniacurn is very intense ; a mere trace of the 
former la a menstruum containing the latter is suffi- 
cient to produce the phenomenon. This coloration, 
hi^ever, is not porsisient ; it disappears in contact with 
air. If but little chloroxide has produced the re- 
action, it will reappear on a further addition ; but if Uie 
reagent be in excess, the presence of another quantity 
will not induce a return of the tint. A large excess 
of chloroxide causes it to vanish, especially with the 
addition of an acid which disengages chlorine. To 
study the reaction satisfactorily, Picard proposes throe 
questions : — 

1. Of all the resins and gnm-resins, is ammoniacuro 
the only one which thus comports itself witli chloroxide 
of sodium, so that this reaction would serve as a dis- 
tinctive characteristic of it? 

2. Is tills reaction peculiar to the chloroxidos, and 
have the oxidising agents which most nearly resemble 
thcqi no analogous result ? 

3. Is it possible by means of tins reagent to detect 
gum animoniacum in a pharmaceutical prejiaration, 
when it is mixed with other substances? 

TJiere are so many characters, continues the distin- 
giiishcd French i)harmacoIogist, common to all resins, 
that gum-ammoniaenm could scarcely bo expected to 
possess exclusively the property of being influenced by 
chloioxide of sodium. If the resin of guaiacum, how- 
ever, be excepted, which gives with this reagent a 
bluish-green coloration, none w^'ero influenced. The 
l)ririciplcs furnished by vcgctals of the same family 
oiler a remarkable analogy of chemical and therapeu- 
tical properties. G.dbanum, sagapenum, opojionax, 
asalcTctida, furnished by the Vmhdliform^ a natural 
family from one of the species of which gum-ammonia- 
cum proceeds, have, however, shown no change when 
treated with chloroxide of sodium. It is tho same with 
myrrh, olibanum, mastic, sandarac, resins of jalap, 
Hcainmony and clemi, liquid and cnlamite storax, 
benzoin, balsam of tolu, dragon's blood, euphorbium, 
colophony, resin pitch, white pitch, and turpentine. 
A distinctive characteristic of gum-ammoniaenm is, 
therefore, its property of assuming a red color wiih 
chloroxide of sodium. It shouUl,' .however, be men- 
tioned that these experiments were made with the 
alcoholic tinctures, <ind not toith the isolated reaim^ 

The chloroxidos of potas.sium and calcium have tlie 
property, in common with tliat of sodium, of developing 
the tint ; but chlorine does not possess it. If a httio 
carbonate of soda is previously added to cblotine water, 
tlie coloration is readily effected, in eonsequeiioe of the 
formation of a small amount of chloroxide. Chloric, 
iodic, chromic, nitrons and nitric acids, and seequi- 
ddoride of iron, offer nothing remarkable. 

In those investigations, Uie very powerful vinoos 
color communicated to^aloes by the chalks must be 
borne in mind. Chloroxide of sodium from its a&e- 
Unity, reacts in a similar znanner.-^TiSs ChemlH* 

A specimon of African ammoniac sentB'oxn Tangidrs 
in 18^, is thus described by Dr. BEitmA, to wlioin 
it was presented by Dr, Lindlev It is an oblong 

2 a 
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I piece, about three inches long, and one and a half inch 

i thick and broad. Its weight is about eight hundred 

I and thirty grains. Externally it is irregular and un- 

j even, and has a dirty appearance, similar to that which 

j ammoniac would presents after repeated handling and 

; long exposure to the air in a dusty situation. It is 

j j partially covered with paper. A few pieces of red^Jjidi 

' I ; chalky earth, effervescing with acids, arc found adher- 

I I ing to it, though the proportion of this on the specimen 

j ' ; in question is not suflicient to affect in any way its 

I saleability. It appears to be made up like Persian 

I ' ; ammoniac, of agglutinated tears ; tljo internal appear- 

; I ance is also much the same as that of the ordinar}^ 

I gum-resin, except that it is not so wlute, having a 

; ! ; brownish, reddish, and in some places a faint bluish 

! hue. Its odor is very faint, and when it is heated, 
‘ obviously very distinct from that of Persian ammoniac. 
I j Its taste is also much slighter. 

j i CoMi^osiTioN. — Arumoniacum has been analysed by 

I i t several chemists, with various results. Bkaconnot 

I 1 1 ^ ' 

I i ( found it to yield the following : — 


Cent<wtn)Hlly 


Kcfim, 

70-0 

Gum, 

18-4 

GluteiuTorm matter, 

insoluble in waler} 

and alcohol 

Watrr, 

. . 6-0 




100-0 


Hagen’s analysis gave : — 


Resin, 

Ceuto«lmAl)y 
OH-O 

Gum, 

GluteiL, 

. . . rj-3 

/)*4 

Extractive, 

. .1-6 

Silicious inatlr r, 

2-3 

Volatile oil and water, 

2-8 


100-0 


I [ ' But these statements of the composition of ammonia- 
I I ; cum, from tlie limited means of analysing organic 
I ! I substances at tho time they were deduced, are very 
I unsatisfactoiy ; and llicre is no doubt that an inves- 
j ligation of the subject, now that organic chemistry 
I , has become so fully developed, would show their 
) erroneousness. Of the volatile oil of ammoniacum, 

I little, indeed nothing, is known ; Dr. Pereika giving 
; as a description of it, the simple statement that it is 
I transjxirent and lighter than water, 

I Johnston obtained the resin of ammoniacum by 
; digesting tho gum-resin in alcohol, whereby he obtained 
I a pale yellow solution, which, on evaporation at l.W, 
i gave a transparent, nearly colorless resin, having the 
I characteristic odor of the natural product. This resin 
’ is soluble in alcohol and the alkalies ; partially so in 
j j ether, and in fixed and volatile oils. Heated to 212® 
j for some time, it assumes a yellow color, which gra- 
dually deepens, while at the same time the peculiar 
odor becomes loss intense. It is easily fusible, and 
decomposes at a continued heat of 270°; the volatile 
matter which is evolved containing more oxygen 
h in proportion to the hydrogen thab exists in the 
j resin itself. Johnston has expressed its composition, 
, ! after ^ow but complete desiccation, by the fomnda, 
11211 Pl|. 



Uses. — Ammoniacum is principally employed In 
medicine ; internally, its chief, almost sole use, is in 
chronic pulmonary affoctions, and even in these eases, 
it is unsuitable if there be irritation or infiammation of 
tho bronchial membrane. Externally, it is a|)p]ied in 
the form of plaster to glandular enlai^ements and in- 
dolent affections of the joints, as a disoutient or resolvent. 

— Pereira, 

Its only use in the aits, says Ure, is in the formation 
of a cement for joining broken china and glass, and which 
is prepared as follows: — Take isinglass, one ounce; 
distilled water, six ounces ; boil these together down to 
three ounces; add half that quantity of strong alcohol, 
seethe the mixture for two or three minutes, and then 
strain it; next add, while hot, first, half an ounce of i 

milky emulsion of ammoniacum, and then five drachms | 

of an alcoholic solution of resin mastic. Tliis resembles j 

an article sold as diamond cement, | 

ASAFCETIDA — Assa felula^ French; AsafoMa^ | 
Teufelsdreck^ German ; Asafmlida^ Latin — ^is obtained j 
from the Fcrvla Asafwtlda^ an umbelliferous plant I 
found in Afghanistan, Saristan, and the Punjaub, The 
footstiilks of the leaves, and the fibres of the root, being | 

previously removed, incisions are made in the latter, ' 

and the gum resin then exudes, and is removed. This i 

procedure commences about tho middle of April, and is ' 

repeated towards the latter end of May, and the begin- 
ning of June and July in each year. * 

According to Dr. Pereira, the root of the Ferula 
AsafaUida is perennial, tapering, ponderous, increasing ! 
to the size of a man’s arm or leg, covered with a i 
blackisli -colored bark, and beset near tho top witli j 
many strong rigid fibres; its internal substance is 
white, fleshy, abounding with a thick milky juice, which 
has an excessively strong, fetid, alliaceous odor. The 
stem is two or tlirco yards high, six or seven inches in j 
circumference at the base, and smooth. Tho radical 
leaves attain tlie length of nearly two feet, and have 
been compared by Kasmpfeu as resembling in shape 
those of the peeony, but in color and otlier respects 
those of common lovage. Tho fruit is flat, thin, red- 
dish-brown, like that of parsnip, but rather larger and 
darker. 

This is now considered, continues the lasirnamed 
authority, to be the genuino asafoetida plant ; but there 
is reason to believe that a gum-resin like asafoetida has 
been procured from other species of ferula. Ferula 
Persica has been described by Dr. PoFE os tho true 
asafeetida plant, and tho Edinburgh Collego of Phy- 
sicians admitted it as being probably one source of the 
gura-resin. Tliat it really does yield asafoetida seems 
likely, moreover, from the strong odor 'of the drug 
which pervades the entire plant. — Pereira, ■ ' 

Historical NoxiCEl-^For the histbiiojd iioiee of 
asafoetida, the Editor is also indebt^ to 
who has collected from many sources the folld^ig ; — It 
is uncertain at what period aealbetida wds known 
or described' The difficulty in detettoiniOg its* histoiy 
arises from the contusion which has existed respect 
to the Bueem Cyrmaime and asatbetida. By many 
writers tho two substances were condidered to be 
Identtoal ; but this opinion seems now to have been 
satisfactorily disproved by the discovery of the plant 
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v?1iioh yield® the Cyrenaic juice, and which agrees 
tolerably well \/ith the rude figures struck on the 
Oyrenian coins. It would appear, however, that the 
Cyrenaic JuiOe becoming scarce, the ancients employed 
some other substance of similar, though inferior, pro- | 
perties as. a substitute, and to both of these they ap- 
plied the term laser. For many years, says Puny, 
this plant has not been found in Oyrcnaica, because tlie 
publicans — or farmers of the taxes — who rent the 
pastures, finding it more profitable, destroy it as food 
for cattle. One stalk only, found in these days, was 
sent to the Emperor Nero. It may be known when 
cattle meet with young shoots of it, by the sleeping of 
the sheep, and the sneezing of the goats, when they 
have eaten of it. For a long time past the only laser 
brought is that which is produced abundantly in Persia, 
Media, and America, but it is far inferior to the 
Cyrenaic. It is not at all improbable, continues Dr. 
Pereira, that the laser of Persia may have been the 
asafeetida of the present day. Murray says the word 
asafoUida seems to have been introduced by the 
monks into the school of Salemum. But it appears to 
have been of oriental origin, and may be, as some 
have suspected, derived from the word laser. There 
are two kinds of attsa^ says Avicenna, fetid ^ the 

other odoriffTOiia, — Materia Medica. 

Description. — Asafeetida is found in irregular yel- 
lowish or pinkish -brown fragments, of different sizes. 
The newly-fractured surface is whitish or cream- 
colored, semi-transparent, and possesses a waxy lustre ; 
but on being subjected for a few hours to tho combined 
influence of air and light, it becomes violet- red, and 
after the lapse of some days, yellowish or pinkish- brown. 
Dr, Pereira has described three varieties : — 

1. Asai’cetida m the teoTj which occurs in distinct, 
roundisli, fhitleried, or oval drops, and also in irregular 
[)ieoea, varying from tho size of a pea to that of a 
walnut, of a yellow or brownish -yellow externally, hut 
white internally. It is not at all iniprobablc that this 
variety is obtained from a source ditlerent from that 
whence the lump asafootida is procured ; for its color, 
externally, is more yellow, its odor is much feebler, and 
its freshly-fractured surface becomes more slowly and 
less intensely rod by exposure to the atmosphere. As 
it has considerable resemblance to ammoniacum in the 
tear — with which, indeed, except by its odor, it might 
readily be confounded — may it not bo tho substance 
which Olivier calls ammoniacum, and which, he says, 
is produced by Ferula Permcaf 

2. Lump asafadiddy which is the variety usually 
found in the shops. It occurs in variable-sized masses, 
of irregular forms, and having a reddish or brownish- 
yellow tinge. Frequently these masses are observed to 
be made up of tears, agglutinated by a reddish-brown 
substance ; these form that kind of asafeetida sometimes 
designated amygdaloid. 

3. Stmy mafMda, Dr. Pereira never met with 
this in English commerce, but has described samples 
which he received from Dr. Martiny ; It occurs in ir- 
regular, more or less angular, pieces, which have tlie 
odor of osafoetida, and a yellowish-brown coloi^ and 
present numerous small shining points or plates. It I 
lightly efiei^escos in hydrochloric acid. By incine- ^ 


ration it yields a white ash, which strongly effervesces 
on the addition of acids. Angblini found in stony 
asafeetida 61 '9 per cent, of sulphate of linie--^i>r. 
Pereira. 

Properties and Composition.— Asafostida is very 
easily known by its peculiar alliaceous odor. This is 
tlM more readily appreciable when the gum-resin is 
subjected to boat. Exposed to light and air, its recently 
broken surface soon acquires a red color, which gradu- 
ally passes into yellowish or pinkish-brown. Its taste 
is^ acrid and bitter. With sulphuric acid and heat it 
blackens ; a dark, blood-red fluid is produced, and sul- 
phurous acid is evolved. On diluting the menstruum, 
and adding an excess of caustic potassa, a beautiful blue 
color may be seen by reflected light, more especially on 
the surface. 

Asafostida consists principally of rosin, gum, and 
volatile oil. Buandes analysed it witli the following 
results : — 


RcHn 

Centrwlmally 

48-;) 


1 

j 

Gum, traces ol wiline matters, . 

. . 190 


j 

Bassoriii, 

. .. 6-4 


1 

Volatile oil, 

.... 4-5 


f 

Extractive, with saline matters, 

. . . 1-4 


! 

SuI|)hato and carbonate of lime, 

. . . 9-3 


1 

Oxide of iron and alumina, 

.. 0-4 


' 1 

1 1 

Rand and lignin, 

... 4 5 


; 1 

Water, 

. . . 6-0 




iOO-0 


1 


Tho volatile oil of asafoctida is prepared by distilla- 
tion, cither with water or alcohol, and passes over 
colorless, though by a brief exposure to tho atmosphere 
it becomes yellow. It possesses first a mild, and sub- 
sequently a bitter taste ; its odor is remarkably powerful, 
and as it is very volatile, the atmosphere of any apart- 
ment where it may be exposed is soon im[)rcgnated 
with it. It is very soluble in alcoliol and ether, but 
two tliousaiid times its weight of water arc required to 
dissolve it. It contains Buljdmr, whicli may be known 
by its blackening silver, and Dr. Pereira thinks it 
probable that phosphorus is likewise pi osent. Accord- 
ing to some, the oil is composed of two stdphides 
of the hydrocarbon, 0,.^ 11, i, and when freshly distilled, 
liko the essential oils of black mustard and horse- 
radish, it contains no oxygen. It acquires an acid 
reaction from continued contact with the air, and on 
boiling it, sulphide of hydrogen is disengaged. 

The resinous matter of asafoctida may be isolated by 
digesting the gnm-resin in alcohol, and evaporating the 
solution ; by this simphi process, however, it cannot he 
considered as pure, and it is better obtained in this 
state by adopting tho method described by M. Picard 
for the preparation of tho resin of ammoniacum, and 
given at page 321. It is soluble in alcohol, oil of tur- 
pentine, and oil of almonds. It has the characteristic 
odor of tho gum-resin, and the property which the 
natural product possesses of becoming violet-red by 
exposure to the sun’s rays. Brandes states that ether 
divides it into two portions, resin and sub-resin, which 
he has described^ but Johnston affirms that it is rmdUy 
and completely soluble in eiher. Like many other resins, 
it must he heated for a length of time before it becomes 
hard and brittle, and reaches its normal condition. 
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By this prolonged heating, it acquires a darker and 
brownish color, and is easily decomposed if the 
beat be carried much beyond 212®. As the tempera- 
ture rises, the resin froths up very much for some time, 
giving off a strong alliaceous odor ; it then flows quietly 
till the heat is again increased. 

Its elementary composition, according to Johnston, 
is represented by the fbnnula, 0^^,, which difl'ers 

from that of the resin of ammoniacum in containing the 
elements of an additional equivalent of water. 

Uses. — In Europe solely as a medical agent; it Is 
found highly usoful in spasmodic or convulsive diseases 
not dependent on the nervous centres ; as a stimulating 
expectorant and antispasmodic in chronic catanb ; in 
affections of the alimentary canal ; as an omniena- 
gogue in uterine obstructions. In some oriental nations, 
as mentioned in tlie historical notice of asafoctida, it is 
employed ns a condiment. 

BDELLIUM. — By this term two gum-resins are 
understood ; one, obtained from Armjris Commiphera^ 
the bdellium of Holy Writ, known as Indian hdeliiumy 
or false myrrh ; the other, derived from HeudoUiiia 
Africanay is called African hdcllium^ It is called by 
the natives, nivltout. It occurs in commerce in trans- 
lucent tears, often of conhiderable size. Those vary in 
tint, some of them being of a brown color, more or less 
dark. By age they become opaque, and covered with 
a white or ycllow'ish dust. Their fracture is dull and 
ccriferous. Bdellium has a feeble, peculiar odor, and 
a bitter taste. Pelletier states that it consists of - i 


KeRin, 

Centwimul'.y 

.'ilJ-O 

Soluble gum, 

U“2 

UaRsorin, . , 

30 d 

Volatile oil and loK.^,. . . 

1-2 


100-0 


Johnston represents the composition of tbc resin of 
bdellium, by the formula Ilgj 0^, or 0^^ H^g 

EUPHOliBIUM is the produce of difb rent species 
of mphorhiay a plant growing in the interior of Africa. 
It exudes in the form of a milky jrnce, so acrid as to 
excoriate the fingers, and which hardens b}^ the heat of 
the sun into irregular yellowish tears. It is nearly 
inodorous, but its dust excite^s incessant sneezing. Its 
taste, at first slight, is afterwards acrimonious and burn- 
ing ; when swallowed, it produces vomiting and purging, 
and acts as an acrid poison ; the persons who grind it 
suffer from hea<iache and giddiness, and often from 
delirium. It principally consists of resin and a waxy 
matter, and a considerable quantity of malate of lime 
is also present. Ros^, in his researches, found eiiphor- 
bium to contain two distinct resins : one, easily soluble 
in cold, the other, only soluble in hot alcohol, and, 
under ceilain circumstances, susceptible of crystalliza- 
tion. Johnston has also examined these resins, but 
there is some doubt as to the results of the analysis. 
Ros^ assigns the formula 0^, to the crystalliz- 

able resin. Euphorbium has also been examined by 
Buchner and IIerberger, who regard one of tlie 
resins as basic, the other acid. 

GALBAKUM. — Much uncertainty exists with regard 
tU the plant whence this gum-resin is derived. The 
Dublin College of Physicians have described galbanum, 


on the authority of Linblet, afi the exudation of the 
Opdidia Oalbanifera, Don fbund to utnbeUifeitoua 
fruit in the galbanum of commerce, Which he heUeved 
to be that of the plant yielding the gum-resiu ; and, as 
it constituted a now genus, ho called it 
Officinale. But though it is not at all improbable, aajhii 
Dr. Pereira, that these fruits arc the produce of the 
galbanum plant, yet no proof of this has been hitherto 
adduced, and Dr. Lindley, therefore, very prope:dy 
asks, Did the fruit found upon the gtm ready belong 
to it f 

It has not yet l>ecn precisely ascertained whore gal- 
baniim is produced. Dioscorides says it is obtained 
in Syria ; a statement which is, perhaps, correct, diough 
hitherto no evidence of this has been acquired. It is 
not improbable that it is also procured in Persia, or 
even in Arabia, as suggested by Dr. Roylb, Opdidia 
Galhanifcra grows in the province of Khorasan, near 
Diirrood. The Gorman pliarmacologists distinguish 
two varieties™ Levanticum and Gedbanum 

Persicum. The names indicate the localities whence 
they are supposed to be derived. — Pereira. 

Description. — Galbanum gouorally occurs in brown- 
ish, or dark brownisb-ycllow, irregular masses of large 
size, apparently composed of agglutinated tears. Some 
of these, when broken, appear translucent, and of a 
bluish, or pearl-white color. Fragments of the stem 
and other similar impurities often pervade the tears; 
and, to remove these, the galbanum is generally sub- 
jected to fusion and strained. 

Another variety of galbanum is known, but it is 
comparatively rare. It is in distinct, globular, yellow- 
ish tears of about the size of a pea, possessing a feebly 
resinous and yellow fracture. 

PROPEHTir.s AND COMPOSITION. -—Galbanum has a 
hot, acrid, and bitter taste, and a peculiar, balsamic 
odor. Wlien subjected to cold, it is rendered brittle, 
and may be easily pulverized. 

It lias been an.alyzed by several chemists. Peixe- 
tiek’s results are as under : — 

C«ntwliuat]y. 

Rosin, 0(J*R6 

(imn, , . . 19-^8 

Volallio Ull HUll io.ri, 

Li^mu'ous iiiftttcrH and iiupuuia;r», 7’i52 

Himivlute of lime, tracssi. 


Meissner's results, appended, seem mxxdh more 
accurate : — 

RcMn, 05^ 

Gum,. 22*0 

llnRsorin, 1*8 

Volatile oil, 8*4 

1 litter matter, with malic acid, 0^2 

Vegetal remaiaft, 2'8 

Water, 2*0 

IjObh, 'HI 


The volatile oil of galbanum ia obtained by mfrmiit^ng 
the gum-resin, with wafer, to distillation* It is color- 
less ind limpid. Its Odor is l&e that of galbanum and 
camphor ; its taste is hot, afrerwardfl ‘cooling and 
bitterish. It is soluble in alcohol, e&er, and fixed eil0. 
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The resin of ^albanum is dark 3'ellowieh4)rown, 
tmnepax^nt^ brittle^ and tasteless ; soluble in alcohol 
and ether; scarcely so in spirit containing fifty per 
cent, of water, or in almond oil ; very slightly soluble 
in oil of tmpentine, even when aided by beat. It dis- 
solves m sul{dttir)C add, forming a dark yellowish- 
brown Ihiuid. 

FBiXB'TiBB Slates tlial galbanum resin has the re- 
markable property of yielding an indigo-blue oil when 
heated to from 248*" to 266^ Johnston assigns tlie 
formula O^o O7, as representing the composition of 
the resia. 

USBS.^-^albanum is principally employed in medi- 
cine; it is administered internally in catairhs, some- 
times in amehorrbeea and chronic rheumatism. Ex- 
ternally, it is applied as a mild stimulant, resolvent, or 
soppurant, in indolent swellings. 

GAMBOGE — Gomme gutie, French; GutHy Ger- 
man; Camhogiay Latin — is, according to Graham, 
die produce of Hebradendron Cambogimdesy a native of 
Ceylcm. Gamboge appears to have been first noticed 
in 1806 by Clusius, who received some of it in 1603 
from Fbter Garet of Amsterdam. Admiral Van 
Neck bad brought tliis from China, and, according to 
him, its oriental name was Ghittaiemou. In Siam it 
i is obtained, says Konig‘ by fracturing the branclilets 
; and leaves, when a yellow milky juice exudes, which 
li is collected either upon the leaves of the t"ee, or in 
{ cocoa-nut shells, from which it is transferred to flat 
1 earthen vessels, and allowed to inspissate in the atmo- 
sphere; it is finally enveloped with loaves. The cylin- 
drical kind of gamboge is resolved into this form by 
being depositee^ while semi-fluid, in joints of the bam- 
boo, 

Murray states that gamboge is obtained in Ceylon 
by wounding the bark of the tree, at the time of flower- 
ing, with a sharp stone. 

DESCBiFriON. — For the delineation of the different 
varieties of gamboge, the Editor has to resort to the 
Materia Medica of Dr. Peuihua as the best source of 
'iiifoimation on the subject. That eminent anlhority 
says : — ^Two kinds of gamboge are described by phar- 
macological writers — the Siam and the Ceylon. Of 
these the first only is known in commerce. 

1. Siam Gamboge, — This is the gamboge of the 
shops. It is brought to this country sometimes direct 
from Siam ; at other times indirectly by way of Singa- 
pore, Penang, or Canton. It ])rescnt3 itself in com- 
merce in three forms: — 1, in rolls, or cylinders ; 
2, in pipes, or hollow cylinders ; 3, in cakes or amor- 
phous masses. The first two varieties are known 
corameroially as pipe gamboge. The commonest 
pieces of the above are called coarse gamboge. 

a, Pipegambege consists of cylindrical pieces, varying 
in sise from one to three inches in diameter. Some of 
them appear to have been formed by rolling; but 
many of them ore striated, from the impression of the 
bamboo into wliioh the gamboge juice has been run, 
and, not unfrequently, portions of ilie stem are still 
adherent The gamb^ cylinders are sometimes dis- 
tinct, and covered externally with a dirty greenish- 
yellow dost; at other times agglutinated, or even 
fifi.ded so as to form mass^ of varying mzes and shapes. 


Pipe gamboge occurs in all qualities, the finest and the 
worst specimeuB having this form. gmshogo is 

brittle and devoid of odor. It has veiy little taste at 
first ; but, after some time, it causes an amid sensation 
in the throat. Its fracture is conchoidsl, ud 
resulting surfaces are opaque redditdi-yellaw, wifli a 
glimmering lustre. It is completely dissolved by ilie 
successive action of ether and water. With a suffickut 
quantity of the latter fluid, it forms a yellow emuhdon, 
the films of which are good microscopic objects for the 
observation of active molecvleB. The powder of fine 
gamboge is bright yellow. 

Inferior qualities of this gum-rcRin are harder, more 
earthy in fracture. The fresh surfaces are brownish 
or greyish-yellow, frequently with black spots from 
the intermixture of foreign bodies. Ether and water 
successively employed do not completely dissolve it. 
Iodine readily detects starch in the cooled decoction 
by the green color which it gives rise to. 

h. Lump or cake gamboge occurs in masses of several 
pounds’ weight. Its quality is inferior to the finest 
pif^e kind. Internally, fragments of wood, twigs, and 
air-cclls may be observed. In most of its characters it 
agrees with tlie inferior qualities of pipe gamboge, and, 
like tljcse, contains starch. 

2. Ceylon or Cingalese Gamboge^-^Di, Pereira 
was unacquainted with this kind of gamboge, which is 
unknown in English commerce. According to Dr. 
CirrasTisoN, it is usually in small, irregular fragments; 
but, as originally colloctod, is in flattish round masses 
— as if moulded in shallow bowls— weighing about a 
pound or upwards, and it appears to be composed of 
aggregated iiTegnlar tears, with interspaces and cavities, 
which arc lined with a dark pulverulent matter, or 
with a powder of an earthy appearance. Altogether 
it seems a very coarse article. It forms, with great 
ease, an emulsion nowise inferior in smoothness, and j 
very little, if at all, in brightness of tint, to that of the 
very best pipe gamboge of Siam. 

Properties and Composition. — The properties of 
gamboge have been, to some extent, treated of in the 
foregoing description. The following are additional 
reactions : — 

Gamboge afl'ords orange-red tinctures with ether 
and alcohol, which, when drojiped on water, yield, on 
the evaporation of the solvent, thin, bright yellow, 
opaque films, which readily dissolve in caustic potassa. 
The resinous portion of gamboge, of which these films 
are constituted, has been termed by Johnston gam- 
bogic acid. The potassa salt, obtained as just noted 
by the solvent power of the alkali, gives with acids a 
yellow' precipitate of gambogic acid; with acetate of 
lead, yellow ; with sulphate of copper, brown ; and 
with the salts of iron, dark brown deposits. 

Should it be necessary, as it sometimes has been in 
medico-legal cases, to detect the presence of gamboge 
amongst otlier vegetal products, as in pills, cetera^ 
the following simple, but sure, course of pi'ooedure 
may be adopted : — 

Digest one portion of the suspected substance in 
alcohol, and anotlier in ether, and subject the tinctures 
to the above-mentioned tests. Though the yellow 
resin of New Holland, the produce of the Xanthon^cca 
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bas a Biroilar appearance, yet its chemical 
reactians with tlie testa above-mentioned are very 
different. Should the yellow coloring matter of tur- 
meric, saffron, or rhubarb bo taken, at first sight, for 
that of gamboge, the examination with acids, acetate 
of lead, sulphate of copper, and salts of iron succes- 
sively, may bo accepted as posilive. 

Dr. Chuistison gives the following as tlio centesi- 
mal composition of gamboge : — 




Slam GHDabo^ct. 



rj|.o. 

Cako or Lump. 

Coarso. 

RpFin 


... (U-7 ... 

, 48-2 

Solublf* . 

00.7 

. . iiO-3 

. ir)*2 

Woody . 

tvnee 

. . . .')‘3 . . . 

. 13-3 

Focula, 

. . 

. . . 5*0 . . 

. 14-5 

Moibturc, 

.. .. 4*8 

. 4-1 ... 

. 8-8 


100-0 

100-0 

100-0 


^^ylon Gambo^^o 


Reaiu, 



71*2 

Soluble gum, , . 



li)-U 

Woody tjbie, .. 



.^7 

\Vatcr, 



3-2 




100-0 


Gamhooic Acid. — Syn. Gambotlic acid — Kesin. — 
‘ It has a deep orange color, and communicates a yol- 
I low tint to ten thousand times its weiglit of alcohol. 
It is soluble in this menstruum, and still more so in 
ether. Water does not take up any of it. When 
subjected to a heat of about 400‘' it is partially decom- 
posed, so tliat vrhile one portion is 8 f>luble in alcohol, 
as tlie original resin, tlie other is insoluble. Gamboge 
resin forms numerous salts. Its composition has been 
represented by the above chemist as C 40 Og. Tlie 
gum of gamboge seems to be identical with arabin, and 
like it readily dissolves in water. 

The fecula found in the inferior kinds of gamboge 
is probably an adulterant. 

To a small extent gamboge is employed ns a water- 
color ; but its principal application is in medicine. It 
is seldom administered pf>r se^ owing to its tendency to 
create nausea and vomiting; but, wlien combined with 
milder purgatives, it has been found to be a valuable 
remedy in constipation ; in cerebral affections, as apo- 
plexy ; in dropsy ; and as an anthelmintic. The full dose 
of it is said to bo from ten to fifteen grains. In exces- 
sive quantity it acts as an acrid poison. Dr. Pekeira 
records that a drachm administered to a human subject, 
caused horrible vomiting and purging, followed by 
1 syncope and death. No effective antidote is known. 

I Hahnemann has, indeed, recommended carbonate of 
potasvsa as a means of diminishing the violence of tlic 
topical action of gamboge. 

MYRUH. — Mijrrhe, French; Mi/rrha^ German; 
Myrtha^ Latin. This well-known gum-resin is the 
spontaneous exudation of the BaUamodendron Myrrka. 
It is repeatedly mentioned in the Old 'j'estament, tlie 
1 earliest allusion being in Genesis, from wliicb it appeara 
I that 1729 B.C. it was an article of Eastern commerce. 
It seems to have been made use of by DEMC>cuATtes. 
Diosoorides enumerates several varieties of it ; one 
named the Troglodytica being the best. According 
to some ancient writers, this gum-rcsin received its 


appellation from My Run A, tlie daughter of Oimfrab, 
king of Cyprus, who,^ after committing criminal acts, 
absconded to Arabia, and was transformed into a tree, 
which ever afterwards bore her name. 

Tlie myrrh tree was not fully known until BaREN- 
BERG, in 1825, returned from his travels with Hem- 
PKicii in Asia and Africa, bringing with him a specimen, 
which has been delineated and depicted by Nees VON 
Esenbeck. 

Description.— M}Trl), says Dr. Pereira, is im- 
ported from the East Indies in chests containing from 
one to two hundredweight each. Formerly the finest 
kind was brought from Turkey, and on inferior one 
from the East Indies ; but, at the present time, nearly 
the whole comes from India. Sometimes the same 
chest contains myrrh of all qualities, which is then 
termed myrrh in sorts ; but commonly it is imported 
more or less assorted. 

Myrrh of first quality. — Turkey injTrh occurs in 
pieces of irregular forms and of variable sizes, consisting 
of tears — cither distinct or agglomerated — usually 
covered with a fine powder or dust. The color varies, 
being pale reddish-yellow, red, or reddish-brown. The | 
pieces are fragile, sorni- transparent, witli a dull, and 1 1 
in part B])lintery, fatty kind of fracture. In conse- 1 1 
(juence of imperfect desiccation, the largest and finest 1 1 
pieces often present internally, opaque, whitish, or ' : 
yellow strioj, or veins, whicli have been compared by 1 ' 
Dioscorides, Pliny, and many others, to the white | 
marks on the nails. The purest, palest, and most 
odorous pieces arc sold as pidacd myrrh. 1 1 

Myn'h of Hccond quality consifits of distinct team or j j 
grains, which are rounded or irregular, and vaiy in j ; 
size from that of a j)in’s head to a peppercorn, none 1 1 
of them in Dr. pEP.EiRA’a specimens being so largo as ' i 
a small pea. They are somewhat shiny, more or loss | 
transparent, and vary in color from pale or whitish- 
yellow to reddish-brown. It cfiicdsts of tears of myrrh, 
iiitermixed witli fmgments of gum- arabic, and of some 
rosin very like mastic or juniper. Many dniggists 
regard it as merely the siftings of the finest kind, but 
Dr. Pereira does not agree with this opinion. 

Myrrh of third quality. — Formerly this was the 
only kind imported from the East Indies. It occurs in 
pieces, which are daikcr-colored than those of the so- j 

called 'I'urkcy myrrh, and the average size of which j 

does not exceed that of a walnut. It is often mixed 
with other matters, particularly with Indian bdellium^ 
and with a substance of Bin)ilar appearance to dark-red 
colored Senegal gum.-— Pmifra. 

Properties and Composition. — The odor of 
myrrh is peculiar, but balsamic and fragrant; tlie taste 
is bitter, aromatic, and somewhat pungent Water 
dissolves the gum principally, while alcohol and ether 
take up the volatile oil and resin. Myrrh is readily 
dissolved by the alkalies. When it Is subjected to the 
action of nitric acid, a vinous hue is produced. Ac- 
cording to Pelletier it consists of thirty-fonr per 
cent, of resin and sixty-six of gum, Ruickholdt 
states tliat it contains, when of the best quality, be- 
tween forty-four and forty-five per cent, of resin, 
Bkandes and Braconnot have also analysed it, with 
the following results: — 
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CentvBlmiiU/ rB|irM»out4Ml 


ilrAiido* 

Volatile ott, 2 00 

Resin, 27-8() 

f Soluble. 54^ 

Insoluble 9*31l^ 

SaltS'-^nzoates, malates, phosphates,'! 
sulphates, an^ acetates of poLassa and V I'dG 
lime, ; 

Impurities, \ 

Loss, 2I>4/ ' 


AcooT4ing to Brandeb, the 27*80 per cent, of resin 
found by hie analysiB, consisted of 22*24 soft^ and 5*56 of 
hard resin, the two soluble in alcohol. The former he 
distinguishes as odorous, and insoluble in ether. Un- 
VKUDOKBEN regards it as a compound of hard resin 
and volatile oil. The hard resin is characterised as 
inodorous, soluble in the caustic alkalies, but not taken 
up*by ether. The resin prepared by Ruickholdt was of 
a brown color, fused at a temperature below 212^*, and 
slightly retained the taste and odor of the gum-rcsin. 
By subjecting it to heat, he obtained a modified rosin, 
which ho has termed mynliic acid. 

The volatile oil of myrrh has the odor and teste of 
myrrh; it is soluble in alcoliol, ether, and the fixed 
oils; it is thin, but has a specific gravity higher than 
that of water. It is devoid of color, but becomes 
yellowish by keeping, probably from the absorption of 
oxygen. It forms red menstrua, with sulphuric, nitric, 
and hydrochloric acids. When cxjjosed to the atmo- 
sphere, partial evaporation occurs, and a glutinous, 
varnish-like magma remains. 

The Editor learns that myrrh is often mixed with 
Indian bdellium — tlie produce of tlic Amijris commi- 
phora* BdtUiuniy in appearance and taste, is often 
very similar to myrrh, but differs in odor, and is char- 
acterized by its great amount of bassorin. Besides tliis, 
it is often mixed with anotlier substance, for the de- 
tection of which Bley and Diesel give directions as 
follows : — 

Pseudo-myrrh, which has been frequently found in- 
corporated with the genuine myrrh, consists of large 
pieces of different forms, the majority of them seeming 
to be fragments of a cylindrical body ; they are coated 
externally with dust, and have a dirty reddish-brown 
color ; the surface of fracture is tolerably even, of vitre- 
ous lustre, brownish-yellow color, and nearly as trans- 
parent as Senegal gum. It has a faint myrrh-like 
odor, and a disagreeable, bitter, somevvliat balsamic 
taste. Nitric acid dissolves it, yielding a bright yellow- 
ish liquid, from which water separates small yellowish 
, particles. Genuine myrrh yields with nitric acid a 
transparent dirty-yellow liquid. Bdellium indicum is 
not dissolved by nitric acid ; it softens, becomes whitish 
and opaque. Bibulous paper, moistened witli the alco- 
holic extract of myrrh, and then with nitric acid, 
acquires the blood-red color first observed by Bon- 
ASTRE ; bdellium and pseudo-myrrh exhibit only a 
yellow or brownish coloring. Bdellium indicum is, 
moreover, distinguished by its greenish-brown hue, its 
more terebintbiuate odor, and bitter and somewhat 
acrid taste. It bocomce viscous when held for some 
time between the fingers. Myrrh yields a bright 


golden-yellow tincture, and an opaque whitish residue; 
pseudo-myrrh, a high yellow one, and a semi-transpa- 
rent residue; myrrha indicUy a dark-yeljow tinoture, 
and an opaque residue. An addition of water pro- 
duces in the first and last a milky turbidness, and in 
the second no change. Nitric acid — six drops to twenty 
of the tincture — yields with myrrha electa a yellowisb- 
white opacity, upon which, after a time, the periphery 
of the liquid acquires a bright violet color, while the 
centre renmitis yellow. Myrrha indica behaves simi- 
larly, only that the tint is darker ; pseudo-myrrh does 
not exhibit this reaction. Fuming nitric acid produces 
with the tincture of myrrha electa an amber-brown, 
and finally a dark violet color ; on evaporation, a dark 
gamboge-looking residue is left; myrrha indica ex- 
hibits the same reaction ; pseudo-mjTrh experiences no 
change. Bdellium indicum and afneanum are distin- 
guished by their not assuming a violet hue on their 
treatment with nitric acid. About two gniins of m}Trb, 
shaken with an ounce of water and filtered, yield with 
solutions of salts of the oxide of lead a considerable 
precipitate. Bdellium indicum^ treated in the same 
manner, exhibits scarcely any opacity. 

Uses. — Like most of tlio other gum-resins, myrrh 
is employed only in medicine; it is useful in disordered 
conditions of the digestive organs; in excessive secre- 
tions from the mucous membrane; and, externally, as 
a dentifrice, and as a gargle for ulceration of the throat 
in the form of tincture. 

OLIBANUM. — Oliban, French ; OdhauviharZy Ger- 
man; Olibanuniy Latin. This gum-resin, employed 
by the ancients in their religious rites under the name 
of frankincenscy and first mentioned by Moses, is de- 
l ived from the Bosioellia ThuriferUy a terebinthaceoiis 
tree, inhabiting the mountainous parts of Coromandel. 

Description. — Dr. Pereira describes it as con- 
sisting of roundy oblong or ovatCy palc-ydlou-iek, semi- 
opaquCy fragile tearsy having a balsamic re^'nom odor. 
Johnston is of opinion that it is a mixture of two dis- 
tinct g^im-resins. The one ho delineates as consisting 
of ojiaque, dull, hard, brittle i)ieces, which, when intro- 
■ duced into alcohol, become almost immediately white 
anil opaque, from a white powdery coating or crust 
left on their surface as the soluble portion is taken up. 
This variety constitutes tire larger portion of the oliba- 
num of commerce, and is the more fragrant when 
burned. It contains an acid resin and volatile oil. 

The second variety is characterised as being in clearer, 
more yellow, less bi*ittle, opaque pieces, generally in 
long tears as they have flowed from the tree, contein- 
' ing less gum than the other kind, and becoming clear 
and transparent when immersed in alcohol. All the 

tears of olibanum experimented upon by Dr. Pereira 
became opaque when introduced into alcohol. 

Composition. — O libanum has been examined by 
Braconnot, who gives the following as its centesimal 
composition : — 

|*«f etmi. 

Resin, 66*0 

Gum, 30*0 

Volatile oil, g-0 

Matter like gum, insoluble in water and alcohol, 0*2 

Loss, 0*8 


100*0 
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I>r< Stenuouse, wLo examined the volatile oU of 
oUbaaiimy found it to be colorless, and similar to tur- 
pentine, but possessed of a more agreeable odor. Its 
composition is represented by the formula Hte O. 

Johnston has distinguished two distinct resins, 
produced by both varieties of the gum-resin before- 
mentioned. The resin from the first of tliese gave the 
composition Hsa O3. That from the second, con- 
sisting of the clearer, yellower, elongated tears, resem- 
bles colophony, and its formula is Hgj O4. 

Uses. — Olibanum is, to a great extent, disused for 
medical purposes. It was formerly administered in 
chronic diarrhoea, old catarrhs, and in affections of the 
I eldest. It is sometimes employed for fumigation, and 
I enters into tlie incense emi)loyed in the services of the 
i Komau church. 

!j OPOPONAX. — Opopan<m^ French, German, and 

! j I^tin.— Tliis gum-rcsin is the inspissated juico of the 
1 1 Opopmax Chironium^ a plant flourishing in Greece, 
i Italy, Sicily, and in the Soutli of France, and bearing 
j 1 a great similarity to parsnip. It was employed by Hir- 
i I i»ocrates, and is mentioned both by Dioscokides and 
I j by TriEOPHRASTus. 

1 i Opoponax occurs in reddish tears and lumps, tasting 
f , acrid and bitter, and possessing a mouldy, disagreeable 
I ! odor. The following is its constituents, as ascertained 
! ' by Peeeetieb 


l' ■ CcntMtinn^’.ir. 

! Resin, 4ii0 

j Gum, . . . 3;M 

Lignin,. ..0*8 

Htarch, 4*2 

AVax 0-3 

FAtmetivp, 1*6 

I Malic add 2-8 


1 1 Volatile oil, traces of oaoutchouc, and loss, 5*9 

1 ! 3 00-0 

|} On evaporating the spiritous solution of opoponax, 
j i ft transparent brown resin, having a peculiar odor, is 
: I obtained. It readily fuses at 212”, and, after remaining 
' for a short time at that temperature, becomes brittle 
! I upon cooling. It dissolves in alcoliol and ether, and in 
' ! the caustic alkalies. The alkaline solution is reddish, 
i i and parts with the r(^sin, on the addition of hydrochloric 
i 1 acid, in yellow flocculi. Its coniposition, os it exists iii 
, ‘ the natural gum-rosin, is as under 

j 1 CenteiilmAUy 


> 1 
, 1 

At wcl^tlit 

*11101)17, 

JollTlKton, 

, j 40 Eqs. Carbon, 

. . 240 

63-57 

64*01 

' 1 2fi Eqs. Hydrogen, 

. . 25 

6-63 

6*75 

jj 14 Eqs. Oxygon 

. 112 

29*70 

^ 29-24 

j| 1 Eq. Opojioftax resin, 

.. 877 

100*00 

100-00 


: I Uses. — Opoponax was formerly employed in medi- 

1 1 cine, but it is now banished from the Materia Medica 
^ i as ennmoraied in the British Pharmacopeias. It is 
adapted to the same coses as the other gum-resins of 
this class. Dr. Pekeiua is of opinion, that it is more 
allied to ammoniacum than to any other of these sub- 
stances. 

SAG APEKUM. — Bagaphmmj French and German ; 
Sagapmum^ Latin, -^Sagapenum is mentioned, says 
Dr^ Fbebiba, by Hippocrates, Dioscokides, and 
PtXNt*# The latter calls it s^penium, DIOSCO- 


BiDBs says it is a liquor obtained from a fendace- 
ous plant growing in Media. Nothing is known wil^ 
respect to the plant yielding sagapenum. Wil»n0SN0W 
considered it to be Fenila Peraicay and 1ft has b^cui 
lowed by Srbenoel and others; but tbexe is m evi* 
dence to prove that ‘sagapenum is obtained Ihym a 
Ferula^ for the statement of Dioscoeides^ cannot be 
admitted as liaving much weight 

Brandes’ analyms of sagapenum gave the following 
results: — 

C«ntc»ba(a)y. 

Rcpill, fiO'O 

Gum, with calcareous salts, 

Volatile oil, 

Biissoriii, 4*2 i 

Malate ttud phosphate of lirrn', 1*1 i 

Impurities^, . . 4*51 I 

Water, 4‘5 

100*0 I 

m 1 

Sagapenum of the finest kind consists of isaasos | 
made up,of agglutinated, brownish-yellow, semi-tnms* ! 
[)arent tears, resembling galbauum, but having a | 
darker color and a more alliaceous odor, A more 
common sort occurs in soft, tough masses, in which 
no distinct t(3ars arc to he seen. Its taste is hot and 
acrid, and, when heated, it evolves a mudi more aro-r 
malic and agreeable odor than gulljanum. It is im- j 

ported from the Levant. | 

The oil of sagapenum has a mild bitter^ alliaoeous 
taste, subsequently becoming hot ; its odor is also gar- 
licky. It is of a pale yellow color, dikisolves in alc^ 
bol and ether, and is reddened by sulphuric acid. Its 
specific gravity is greater Ilian that of water. 

The resin of sagapenum lias been examiuod by 
Johnston, who gives, as the represeiilaiivo of its com- 
position, the formula 04,, O9. It possesses a strong 

garlic odor, and easily fuses, becoming fluid at 212“. | 

KtJier resolves it into two resins : — 

1. The resin mnolvhh in ether is devoid of taste and 
odor, and is of a brownish-yellow tint. It is soluble 
in alcohol and the alkalies, but is not token up by oils 
.of turpentine and almonds. 

2. I'lie resin wlvhle in ether poseessea the odor of 
sagapenum in a slight degiee ; its taste is mild, subee** 
quentl y bitter ; its color, reddish-yellow. It is soluble 
in alcohol, and partially so in oils of turpentine and 
(draonds. Sulphuric acid dissolves it, fonning a ldood*> 
red menstruum, from which a violet- tinged matter n 
separated by tbe addition of water. 

Uses.— T he medicinal effects and uses of sagapenum 
' are similar to those of asafeetida,— -^ee page 8^ It is 
now veiy litUo employed. 

The Editor thinks it most romarkalde thet RO Ji^ 
is really known with respect to the previously-*<dted 
comi>ouml8. There is now a great field open to young 
chemists to investigate their nature and true composi^ 
tion, et eetcray so as to remove many of the inacoumcics 
regarding tliem. 

Btatistics.— Hm Beturns of the Board of Trede 
for 1850 to 1655 only envmera^ Ammoniiicum, Am- 
fmtida, Euphorbium, Gamboge, Myrrh, am} OliWum. 
Annexed are the imports and ex^porte of these for 
years 1850, 1861, 1862, 1858, 1864, and 1866;^ 
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Tears ending 6th January, I860. 

1861. 

1852. 

1853. 

1854, 

1855. 



Cvrt. 

Cwt 

Cwt 

Cwt. 

CwL 

Cwt 



832 . . . 

801 

304 . 

60 

19 .. 



^ - t 

AcuffoBtido, 

820 . . . 

1,922 

1,167 . 

2,170 .. .. 

1,655 . . 

. . 1,251 


Kuphorbhim, 

37 .. 

. . . ** 12 

14 . 

. . . — .... 

— 

99 



561 . , . 

1,490 

701 . 

. . . . 455 

173 . . 

269 . 


Myrrh, . , 

515 . . . 

'620 

814^ . 

. . . . 282 

579 . . . 

C89 


biihanum^ 


... 31,450 

8,837 . 

9,029 

13,333 ... 

. . . 10,817 
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Tears ending 5th January, 1850. 

1851. 

1852. 

^ 1853. 

1854. 

186.5. 



Cwi 

Cwt 

Cwt. 

Cw-t 

Cwt. 

Cwt 


Ammoniocum, . . . , 


222 

319 . 

246 ... 

108 . . 

79 


Anafiniida, 

507 . . 

. . 1,049 

.. . . 1,176 . 

. . . . 904 

731 

795 


Euphorbium, .... 


— 

— 

... — 

— 

4 


tiamboge, 


1,53 

335 . 

. .. . 1,056 .... 

23.5 . . 

373 


Myrrh, 

113 .. 

2(i3 

... . .535 . 

. . . 341 

272 . . 

180 


Olibanum, 

4,7U8 . . 

, . . . 11,990 

8,739 . 

8,892 

12,766 . . 

... 11,757 
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‘ I OTTIT-OOTTOK. — Colon^poudre, F rciicl i . — Some yours 
^ago this substance created (iiiitc a furore in the ficioiitific 
woUd ; but the expense of gun-cotton is considerably 
higher than that of gunpowder, and this Avith other draw- 
j , backs has been a great obstacle to ils btung extensively 
i ' used/ Ordinary cotton is one of the ahnost iiitiumer- 
' ' able forms of lignin, a oom])ound of carbon, oxygon, 

i and hydrogen ; but, by subjecting cotton to the action 

i ' of nitric acid, a new element enters into the conipc ji- 
> , tion — namely, nitrogen, which is found in nearly all 
I ! explosive bodies. 

1 1 The action of nitric acid on vegetal malt< : h.id long 
1 1 attracted the attention of chemists before the dis- 
! i covery of the remarkable detonating compound now 
I under notice. In 1813, Brac^onnlt gave an account of 
a new snbstance obtained by the action of concentrated 
I nitnc acid on starch, sawdust, linen, and cotton w(»ol. 

He named this xyloidin, from the Greek word signify- 
! ing wood, and described it as being white, pulverulent, 

I i neutral, and very inflammable. Jt is easily formed by j 
I boiling starch for a few moments in concentrated nitric 
! acid, until solution takes jdace ; on j^onrlng (be resultant i 
into cold Avator, the xyloidin is precipitated, and may | 
! be collected and exsiccated. In 1838, Pki.ouzk called 
! the ath'ntion of the Academy of Sciimccs to the pro- 
perties of xyloidin, which he observes is very combus- 
tible, taking fire at 3G5“, burning AAuth great rapidity, 
and almost without residue, Tliis property led him 
to an experiment which he thought suscej^tible of some 
applications, especially in artilK‘rv. By j)luiiging paper 
in nitric acid, specific gravity 1*5, leaving it there 
the requisite time for the acid to permeate the paper, 
which is usually accomplished in tAVO or three minutes, 
then withdraAwing it, and, lastly, washing it in Avater, a 
kind of parchment impermeable to moisture, and ex- 
tremely combustible, is obtained. Dumas proposed to 
iiamo the compound mtramidmey and mentions the 
application of paper and pasteboard prepared by nitric 
acid for fireworks. 

At a meeting of the British Association at South- 
ampton, in*1846, it was stated that Pi'ofessor Schon- 
JIEIN had discovered a mode of rendering cotton so 
detonating as to form an excellent substitute for gun- 
powder. Soon after thia announcement, IVofossor 
Otto of Brunswick published an account of an ex- 
plosive cotton, 08 did also Morel of Paris, and 
BbTTafiR of Frankfort * Schonbeir nndoubtadly, ae 
V0L» ir. 


Dumas admits, deserves the honor of having been the , | 
first to show that the products of the action of nitric 1 1 
acid upon lignin are superior in explosive energy to ' 
gunpoAvder ; but it must be recorded that, as far back i j 
as 1832, Houiquet produced an insoluble powder, ex- j j 
plosive wdien heated, by the addition of water to a ,| 
solution of saAA’dust in strong nitric acid. In April, 1 1 
1847, SciibNRi:iN\s patent was enrolled ; the specifica- j 
tion states, that in ])reparing the cotton the patentee 
uses nitric acid of specific graA’ity 1*45 to 1*50, and 
sulpburic acid of specific gravity 1'85. These acids | 

arc to 1)0 mixed in the j^roportiori of three parts of | 

the latter to one of tlie former ; the mixture is al- ! i j 
lowed to cool down to betAveen 50^ and 60‘’, and then ^ I j 
rough cotton, free from all extraneous matter, is im- i j i 
merBod in the liquid, in as open a state as possible, i i j 
in a porcelain vessel. When thoroughly soaked, the i | 
*’xcoss of acid is to be druAAm or poured off, and the j 
cotton Bc|ucezcd lightly A\dth an earthen presser to ; 
8ei)arate the princi])al part of the acid. The cotton is | 
covered t)ver and le.ft for an hour, then pressed, and j 
A\-ell Avashed in running water, to get rid of all free , | 
acid; it is next to be partially exsiccated by pressure, j j 
mill to insure its freedom from acid, it is to lie washed in : i 
a dilute solution of caibdnale of pofassa, made by dis- i ! 
solving one ounce of tJiis salt in a gallon of water; it is i 
then put in a press, and tlic excess of alkaline solution j 
squeezed out, Jea\dng the cotton nearly dry. It is next 
washed in a solution consisting of one ounce of pure j 
nitrate of potassa in one gallon of AA^ater, and when 
again pressed is dried in a room heated by steam or 
hot Avater to the temperature of from 150” to 170°. 

'I'hc saltpetre appears to increase the explosive force 
of the cotton, but it is not absoluttdy necessary. Of 
the cotton (lius prepaied, three parts are said to be { 
C(iual in force to eight j>arts of Tower-proof gun- | 
powder. ' 

A simpler method of preparing gun-cotton in small 
quantities Avas proposed by Mr. Thomas Taylor in 
1846, which is to mix in any convenient glass vessel an 
ounce and a half, by measure, of nitric acid — specific 
gravity 1*45 to 1*50 — with an equal quantity of sul- ! 
phtiric acid— specific gravity 1*80. When the mixture 
has cooled, place one hundred grains of fine cotton 
wool in a mortar, pour the acid over it, and with a 
glass rod imbue the cotton as quickly as possible with 
the acid. As soon as the cotton is completely satu- 

2 T 
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rated, remove the acid, and, the aid of a pestle, 
quickly squeeze out as inudi liquid as possible. Throw 
the mass into a basinful of water, and thoroughly wash 
it, either in successive portions of water or under a 
tiip, until the cotton has not the slightest acid taste. 
7:na!ly, squeeze it in a linen cloth, and dry^it in a 
water-bath. Nitric acid of the specilic gravity of 1 *50 
answers better than that of 1 45, the cotton being 
much less acted upon by the strong acid. Nitric acid 
of the specific gr.ivity 1-3G converts the cotton into a 
gelatinous mass. 

Gun-cotton is considerably heavier than unprepared 
cotton, and may be distijiguislied Iherefioin by its harsh- 
ness, and by tlu^ cre])itating sound produced when 
pressed by tlie hand. When well made, tlierc is 
scarcely any chaiigo in color or general appearance. 
It may also be known from common cotton by its 
electric coudilion; for if a portion be pulled briskly 
between the linger and thumb of a dry hand, the fibres 
will adhere with great Uuiacity. If a stiip of prejmred 
paper be thus treated, it will, on presenting one end to 
the knuckle, be alternately attracted and lepelJed, and 
thus part with its cloctiicity. Gun-cotton is also per- 
fectly soluble in ether, and if the solution ho poured on 
tJie suiface of cold water, the jcyloidin yicMs an opaque 
film thereon, which, wdieii colloeted ami dried, forms a ' 
remarkably explosive paper. 

Tiio deto/iatirjg characUn* of gun-cotton appears to bo 
due to the fojmatiou of x^loidin in the tubes and upon 
the exterior of tbo cotton iibre, uudor the action ol the 
nitric acid. Gun-cotton explodes with very gieat ra- 
pidity at from to 400^ If a little gurq)o\vdoi' be 
placed on a sheet of writing pa})er, and a small [uece 
of gun-cotton be laid lightly upon it, and the whole held i 
about a fool above tbo flame of a lamp or caudle, the [ 
heat will soon be siillicient to ignite tlie cotton, but the \ 
powder will not be kindled; and, altliongb the coUun j 
explodes in coiitict with the powder, its action is so : 
rapid that tlicie is nut tiiiic enough to raise the gun- ^ 
powder to the temperature retjuired for its exj)losion. 
This great rapidity of action is opjmsed to its utility foi 
propulsiv^e purposes. It is well known to practical men 
that a tardily-exploding material is the best for artillery 
practice. Thus, when a slow powder is used, the ball 
acquires a bh’glit degree of motion, W'hich is imparted 
to the air in front of it, before the full f>ower of the 
detonation is exerted; and that motion is gradually 
increased during the njinaindcr of the explosion, lint 
if the action takes place too quickly, the full force of 
the propelling power comes into play before the ball is 
in motion, and the bursting of the guh is the probable 
consequence. This is the reason why the fulniinatos ^ 
of mercury and silver have not been more cxtcuisively 
used in warfare. 

When gun-cotton has been carefully prepared, the 
products of its combustion are carbonic acid, aqueous 
vapor, and free nitrogen. In some cases nitrous acid 
is produced, owing to defective washing; and when 
nitrate of potassa has been employed, or, in fact, 
a uolution of any salts, a dense white vapor accom- 
^►anies the exidosiom The quantity of water pro- 
duced daring tlie decomposition of the cotton by heat 
ia so great, as to cimstitute an objection to its use 


in fire-arms. Its hygrometric condition also impedes 
its utility ; for if a quantity be exposed for an hour or 
two to a damp atmosphere, it absorbs nearly its own 
weight of water, and requires re-drying b^i'6 It can be 
employed; it cannot be protected from* atmosphoiric 
moisture by compression into cartridges, as in that 
state it docs not explode with certainty. The idea of 
using the fulminating cotton as a substituw jfor gun- 
powder for artillery puiposes, seems to be completely 
abandoned; but on account of the small quantity of 
smoke given off, as well as on account of its enormous 
force, it is much used for imnirig purposes, the propor- 
tionate quantity employed being a fourUi of tliat ot 
po wder . — 7b w/ inso7i . 

In the explosion of gun-cotton there appear to be 
found very decided quantities of nitrous and of hydro- 
cyanic acid. The former con*odes fiie-arms, and the 
latter vitiates tlie surrounding air in a mine. 

The most recent and best information on gun-cotton 
and its substitution-compounds is given in a paper by 
Mr. Edwaiuj IIadovv, from wdiich the following inter- 
esting details are transcrihnd. 

Analyses of gun-ooitoii have been published by 
rtl.OLTZE, TliLlGOT, Gladstonk, Pourf.tt, Kansome, 
and likewise by Schomjein ; they exhibit, however, a 
remarkable want of agreement with each otlier, both 
in the formuhe to which they give rise, and in the 
])cr-rentagn increase of weight which they would 
represent the cotton to have obtained on its transforma- 
tion into gun-cotton. 

Telouzi: stall's Ibat cotton constantly gains from 
seventy-four to seveiitv -six per cent, giving tho for- 
mula Cn4 11,7 ^ covniS[K>nding to an iucroaso 

of seventy-live per cent, exactly. Pelioot’s formula is 
^12 according to wdiich the gain must be 

14’4 per cent. Kansoaie obtained Cjj, Hg 0,g, 2 NO,i, 
whieb reju’esents an ineroase of 65 * 4 . Dr, GuKuottV 
bhites it to be G 9 - 5 , which coricspouds with that ro- 
quiicd by the formula which Gladstone ascribes 

to tho most cxj)losive giiu-cotton, 

while tho fonnula of PouitL'TT and Tesuilemacheu, 
llg Dfl) 4 NOfi, would tiouhle the original weight of 
the cotton. Schoniikin merely gives tlie por-centogo 
of carbon, nitrogen, hydrogorj, and oxygon, firofli which 
the lowest formula that cau bo calculated corresponds 
nearly to IJ31 N,y. In consequence of this die- 
agreemont between tho formula?, giving rise to so piarked 
a dill’ercijce in the pcr-ccntage increase of weight de- 
duced from them, it was evident tliat a careful deter- 
mination of the weight actually acquired by cotton, 
after immersion in acids, could alone throw much 
light on the matter, by pointing out the fomuii upon 
which most reliance was to be placed, end front which 
the corupo.sition of the soluble variety might be deter- 
mined, provided that it were indicated by a definite 
and constant increase of weight. While ascerkining 
this pomt, IIadow was ‘anxious likewise to discover 
what strength and what propottiona of acids were cap- 
able of producing tho salublo gun-cotton, as well as 
whether there were mona than one such compound ; 
expecting that, if such were the <0080, there woidd be 
always an augmeuMipn, of weight closely oort^pfitcndr 
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itig^ to two or more numbers from which formulsd might ! 
be calcuhktody or by which at least the results of ana- 
lyses might be controlled. 

In' the preparation of these compounds, nitric acid 
was not used alone, sitwe a very slight diftcrence in 
streng& produced a great difference in tlie result. 
HO, NO| i^ves an insoluble product, while HO, NO^ -f- 
HO destroys the texture of the cotton; and having 
ascertained that when sulphuric acid is used, no trace 
of it exists in any of the compounds, a mixture of the 
two was always used; the latter acid being advan- I 
tageous for the purpose of increasing the bulk of the 
mixture, retaining the water at)fltractcd from tlic cotton, 
and preventing tho solution of the compound, which 
takes place to a greater or loss extent in nitric acid per 
se. The mixtures were likewise made in atomic pro- 
portions, that dieir formula} iniglit be easily retained in 
tlio memory, and similar mixtures be jirepared from 
acids of various strengths. After some trials, those 
which contained one equivalent of monohydrated nitric 
acid with two equivalents of monohydrated sulphuric 
acid, proved to be best ; and mixtures being made witli 
the acids hi this proportion, and from one to five addi- 
tional equivalents of wah^r, the fifth was found to dis- 
integrate the cotton. The results obtained from one 
hundred of cotton were as follow ; — 


HO, NOj, ') jlQ — 177 
2 (liO, 8iy f InsolnMo in Hher-heno- 

HO, NOk ) oiin — i 7 <*. alt'oln*! except 

2 (no, scy f ^ r the la^t, whic h is 

2"n6”s(\) } * 

2^110, ^Sl5a)} ^ ~ 140^^ |So]uLloin great nica><ure. 

The interval between the third and fourth appeared 
in somo degree to correspond to what had been ex- 
pected, That between the fourth and fiftli was doubtful, 
from the loss of the latter, and from its apparently con- 
taining an admixtiiro of imchangcd cotton ; but on 
trying fractional additions of water, n corresponding 
intermediate increase of weight was likewise produced 
in the cotton : for example, 

^ {2^116, >3} ~ 

both compounds proving perfectly soluble. It was 
likewise found on repeating these experiments, that it 
was difUcUlt to obtain the same increase of weight 
unless the mixture corresponded accurately in com- 
position. The cotton in these researches was thor- j 


oughly exsiccated in a current of dry air at 212^ and in 
consequence of its hygroscopic projjerties, was weighed 
in the same tube in which the desiccation took place. 
At first tho gun-cottons were likewise carefully dried at 
low temperatures, after thorough washing in distilled 
water; ,but the rcsiilts not being found quite accu- 
rate, and a gradual loss of weight being observed at 
temperatures below 212'', the cliying was effected by 
placing them in mctio over sulphuric acid for twenty- 
four hours, lifter which they were found not to sustain 
the slightest diminution in weight. The acids were 
also used in large proportion to the quantity of cotton, 
that the water abstracted might have no appreciable 
effect in diluting tho mixture ; and as a precaution, tho 
immersion was continued for several hours, although 
the full effect appears to be produced in a very short 
space of time. It was, however, found that, notwith- 
standing these advanhigrous conditions for the produc- 
tion of definite compounds, very variable increments of 
weight were acquired by the cotton, ranging from about 
fciiiy per cent, upwards. 

Immersion in acids previously wanned was then 
tried, but as the cotton was found to lose weight 
in proportion to its duration, owing to a slow solu- 
tion even at 120®, notliirig could bo learnt from tho 
weighing of frie compound ; in other respects, how- 
ever, the result of the experiment with hot acids 
proved curious and interesting, from the fact that 

2^i?O^Stl) 1 ^ 

most insoluble compound, produced at 1;10® one per- 
fectly soluble in ether -j- 4 alcohol : the other acid 
mixtures, containing more than three equivalents of 
water, produced soluble compounds, both at CO® and 
130®, but their solutions differed remarkably in one 
respect; for all soluble j)roflucl8 formed at ordinary 
iem]>eratiirea, when dissolved in the proportion of six 
grains to tlie ounce, yield thick glutinous solutions, 
while all those which are the result of acids at the 
leinpcratnre of 130®, give perfectly fiuid ones, which 
produce, on drying, membranes far exceeding the for- 
mer in strength and toughness,and much hotter adapted 
to photo.graphic or surgical j>iirpose8. By fiir the 
best mixture for producing collodion- wool is that re-* 

luescnteil by tho formula ^ ^ 

wliicb is obtained by mixing eighty parts by weight of 
nitric acid, specific gravity = 1*424, with one hundred 
parts by weight of sulphuric acid, specific gravity =. 
1'833; as — 


Sulphuric acid, specific gravity, 1*833, , 
Mitric acid, specific gravity, 1*424 


These specific gravities arc especially rcfeived to, from j 
their being those (»f the acids most frequently* met with 
in commerce. Good collodion-wool is also produced 
by stronger acids, if there be not less water than that re- 
quired bj' tlic formula*^ 2^0^^ ) } ^ 

the temperatore is raised to 130® ; however, the stronger 
the aoi(ito» the more liable is the ooUodiou-wool to 


= 2(TTO,'SOg -f 0-33 110) = lO'PO 
.. = (110, -b 2'8VHU; = 88-5 

5 4- 2 (UOrSOa) -f”" 3*5110 192*4 

come partially insoluble after drying. If there bo loss 
than three additional equivalents of water, the products 
are equally insoluble wlietber the acids are employed 
hot or cold. 

Finding that the weighing of tho product Tesuiti% 
from tho action of warm acids could be of no servic^l^ 
in proving the existence of definite compounds, Mr. 
Hardwick’s suggestion was tried— effe^tJt of reim- 
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mersiug the cotton in a portion of the same cold acid 
mixture with which it had been previously treated, 
noting at the same time whether any second increase 
of weight was obtained. The results were highly 
satisfactory. For the preparation of the highest com- 
pound, a mixture was made of two volumes of the 
strongest sulphuric and one volume of colorless nitric 
acid, specific gravity = 1'521. 

27*5 grains of cotton, after some hours’ immersion, 
weighed after washing and drying in vacuOj 49*88 
grains, corresponding to a gain of 81*34 per cent. In 
this case, it was hardly exptjcted that a second immer- 
sion would cause an increase ; by experiment it was 
found to have sustained a slight loss, as it now weighed 
49*G2, showing that acids have a slight solvent power, 
even at ordinary temperatures. This iricroaso of 81*34 
per cent, in weight docs not correspond with any ol 
the analyses hitherto published, although the greatest 
care was taken to avoid error, on account of the im- 
portant aid it would afford in deducing a formula for 
this and other compounds. 

Another roixturo agreeing with \ 

+ 4 HO, gave at the first immersion an increase of 
58*7 per cent. ; by a second it was found to have in- 
creased to 62*9 per cent., thus fully ansvteriug expec- 
tations. A third immersion brought it to sixty-four 
per cent. 

On account of the great difference observed between 

the products of-| 2^146^80 ^ 

-j- 4 HO, an intermediate mixture was made. The 
first submersion gave an increase of 67 *3 per cent.; 
a second, 70 per cent. ; a third, 71*4 per cent. 
Ilenco it was concluded that there were at least 
tliree compotmds, of which, from one hundred of cot- 
ton, there would be obtained (luantities approximat- 
ing to one hundred and sixty-four, one hundred and 
seventy-two, and one hundred and eighty- two ; and it 
is probable that any acid mixture would produce such 
a definite compound, were it not diluted at the same 
time by the water it abstracts, which, when the dilution 
exceeds a certain point, gives rise to a second com- 
pound, the great mass of the liquid probably having 
but little influence, in consequence of the imperfect 
diffusion arising from the want of perfect fluidity, and 
the adhesion to the fibres of the cotton ; the washing 
anS tliorongh drying then enable the original acid mix- 
. ture to raise the second compound to that wliicii would 
have resulted in tlio first instance had no dilution oc- 
curred. It is evident, also, that the number of immer- 
sions required must vary, according as the acid mix- j 
, ture is much within or approaclies near to that state of I 
dilution which limits its power of producing a coJtain 
compound, a given quantity of water having much more 
effect in one case than in the other. 

In trying the effect of various reagents on gun-cotton, 
Ha DOW ascertained that it could be perfectly restored 
to the original cotton, without loss of form, by means 

bydrosulpliide of potassium, KS, HS. At Dr. 
Itl^LLKR’s suggestion, tliis was made use of, to effect 
the analysis of the compounds, and to confirm the pre- 
vious results. An aqueous solution was first tried, 


100-00 


lOO-OO 


but found to occasion loss of weight, on account of the 
long boiling required; an alcohoKo solution was, tilere- 
fore, prepared, by tiiorougkly saturaHn^ U strong alco- 
holic solution of sulphide of potassium and hydrogen, 
by transmitting the gas until it would abstirb no more, 
and ceased to give a precipitate in sulphate of magnesia. 
As, however, the reduction was found to proceed easily 
at ordinary temperatures, it proved better to effect the 
change by continuing the immersion for twenty-four 
hours, and tlius to avoid the risk of decomposition and 
loss which prolonged seething occasioned. That tlie 
cotton so obtained was free from nitrogen-coropounds 
was proved by strongly heating it with caustic potassa, 
and conducting the gases evolved into a solution of 
litmus very faintly reddened, when the color remained 
unchanged ; by the close correspondence in the quan- 
tity obtained from gun-cotton with that originally used, 
or the restoration back to tho original weight ; and by 
its possessing all the physical characters of common 
cotton, which ditlhrs from all products obtained from it 
by tho action of acids in its depolarising action on light, 
and in its far greater softness and compressibility when 
wet, and also by the action of HO, SOg HO, which 
dissolves the nitro-compouiKls, producing a solution 
which is not blackened below 212", while common and 
reduced cotton are completely carbonised below that 
temperature. 

1’wo conihu.stions of the reduced cotton were made ; 
one, in which the determination of hydrogen failed 
in consequence of an accident, gave, in one hun- 
dred parts, 44*4 of carbon ; anotlier, made by Mr. 
IIakdwick, yielded — 

Kouritl Ca]Ru1iiti>d 

(V1.0II 41-80 ^-44 r= 12 0. 

llydio^on 0-04 0*17 = 10 U. 

Oxjgoji, 48-50 40-39 = 10 0. 


;; I 


The other products of iho equivalents of K S, HS 
are nitrate of potassa — K(), NOs — and a little ammonia. 
No trace of nitrate could bo discovered in the acdution, 
wliich was evaporated to dryness with excess of acetic 
acid, to expel the nitrous acid. An attempt was made 
to turn tlie reaction of K S, HS upon gun-cotton to 
account in effecting the determination of the nitrogen 
by this means ; but the results were unsatisfactory, hi 
consequence of the co-cxistcnce of ammonia and nitrous 
acid in the liquid. The solution could not be heated 
to expel the former without risk of loss in the weight 
of tho reduced cotton, neither could the ammonia be 
retained by addition of an acid, without escape of NO^, 
from the acti<ui of sulpliide of hydrogen and nitrous 
acid on each other. 

A mode altogether different was, tliei'cfore, adopted, 
wliich consisted in making a solution of the compound 
in pnro sulphuric acid, and, after conversion of tho 
oxides of nitrogen into nitne acid, by means of some 
oxiilating agent, estimating iU amount by tho methorl 
of Pklduze, depending on its property of converting 
proto into sesquichloride of iron, and from the amount 
of tho latter calculating the former. Before performing 
this, tho properties of a solution of gun-cotton in sul- 
plmric acid were examined. A portion immersed hi 
cold concentrated sulphuric acid soon dissolves, vritli* 
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mt evolution of any gas, producing a clear, colorless 
liquid; if this be poured at once into Hvo or six times its 
bulk of water, so that the temperature does not rise be- 
fore dilution takes place, tlio clear menstruum obtained 
gives no evidence whatever of nitric acid, or any oxide 
of nitrogen, even though raised subsequently to the 
boUing point ; neilhcr does it discolor a solution of 
permanganate or chromate of potassa. If, however, 
the original liquid in concentrated acid be diluted with 
only once, or ©von twice its bulk of water, a violent 
etiervescenoo ensues, with abundant evolution of nitrous 
aoid— NO*— or peroxide of nitrogen — NO 4 — together 
witl^ carbonic acid. If, again, the solution in strong 
acid be heated before dilution, carbonic acid is evolved, 
while the oxides of nitrogen are retainc<l, provided 
that the sulphuric acid is in difTercnt excess; if it 
now be diluted with water, nitric oxide— NOj — escapes : 
witli effervescence. It became necessary, therefore, to 
eifect the complete conversion of the nitrogen oxides 
into nitric acid. After trial of various oxi<lising agents, 
the object was successfully attiiincd by the bichromate 
of potassa, which immediately peroxidises NO* and 
KO4, but is without action on NO^ : hence it was 
necessary to use a solution of gun-cotton in pure sul- 
pliuric acid made in tJm coldy wliich was then added 
to a strong solution of bichromate conbiiiied in a 
retort; the mixture— wliieh immediately acquired a 
dark-green tint, from ^reduction of the chromic acid 
— was carefully distilled, precaution being taken to 
insure the entire expulsion of the nitiic acid, which 
was then estimated, as above stated, by Pklol’Zl's 
mctliod. 

The quantity of cotton in a given sample of gun- 
cotton having been deiertnined by reduction by KR, 
IIS, and the nitrogen by the above metliod, it is easy 
to SCO whether the comi)Ound contains any e<iuivalents 
of NOa, not displacing a like numbor of equivalents of 
110. The following results of analysis leave no doubt 
that it is purely a substitution-compound : — 

Compound A . — Produced by action of the strongest | 
acids, and most probably by repeated immoTfaiou in . 

any mixture not weaker than ^ | 

Quite insoluble in any mixture of etlior and alcohol, 
but soluble in acetic ether. Highly cxplosixe. 

I, 27*5 of pure cotton h} tlircc lioiuo’ immersion in 
BtTongCKt acid, 4l''ti8 first rime ; 49*6 second time. 

IJ. 6’85 of this gun-cotton gave, by reduction, 3*78 of cotton 

HI, 6*37 of gnn-cottoi), by reduction, gave 3 -48 of cottonf 

IV- 20*50 01 gun-cotton gave NO* = J0*S4. 

lly nnnlyoU, * 

By »yntho*U, r' \ Bv mlou'ntlon 

1. 11. in C 3 ail 2 i OtoI'No,, . 

Cotton found..., 55*13 61*6 .. 55*19 54*54 

NO 4 — H, . . , . . — . — . . 44*07 , , . . 4.5*46 

99*20 100*00 

The composition of cotton being fully dutormiiieJ by 
the analyses of Mitsojikklioi, Pelouzk, and Payen, 
to bo in the proportion of Cjs H,o Oio, the preceding 
analysis Would give rise to the formula, 



lOO of cotton produced^ 481*34 ; by calculation, 183*3. 


Compound B . — Produced most probably by any ! 
acids of eomposition iutermediate between 

2 o'j) and-[jj 

That which was examined* was obtained by several 
immersions in - j 2^^no^O*) j*"!" explo- 

sive, yet perfectly soluble in ether -f- J alcohol ; quite I 
iuBoluble in acetic acid. 

I. 2!7*6 grains of cotton gave, by first immersion in the abox*e 
mUture, 46*2 grains ; by the second immersion, 47*1 ; 
by the thiid, 47*31. 

TI. By reduction, 0*08 grains of the compound gave 3*50 of 
cotton. 


Prom ii:^the!ilii. 

Cotton found, 58*34 . . 

KO 4 — n, — ... 


By ati'ilv^Ia 
11 

. , .57*.56 . . 
not deter- 
mined. 


ruleulated. 


U 22 Ojo 8 NO 4 

.... 57*45 


.... 42*55 


100 00 

Formula would be -1^., 

100 of cotton produced 171*4; by calculation, 174, 


Compound C . — Produced by 2(110^^) j""!"^^^* 

Like tlie preceding, this compound is very soluble in 
ether, but differs from it in being likewise perfectly 
soluble in glacial acetic acid. In this, as in the former 
coi; pounds, the cotton fibre is quite uninjured. It is 
highly combustible rather than explosive, and burns 
with a slow jet of flame when rammed into a tube and 
ignited. 


I. 24*1 grains of cotton weighed, after first immersion, 38*26 ; 
after second immersion, 39**20; after third immersion, 
39*53. 

II. By rt duclioii, 9*94 grains of the compound gave 6*00 of 
cotton. 


Cotton found,. 
NO 4 — II,.... 


By vyiitbosli 

. . . C0-9G 


By annlysla. 
11 . 

. . CO 36 . , 
not deter- 
mined. 


By calculftBon. 
C.'Mi U 33 030 7 KO4. 

.... 60*67 
.... 39*33 


lOOOO 

Formula, 

100 of cotton produced 164*0: hy calculation, 164*8* 

Compound D . — The existence, composition, and 
identity of this compound with xyloidin, are inferred 
from tlie following reasons : — 

1 st. There is a compound .lower than C, since 

1 "^ ^ produces, by one immersion, 

an increase of only fifty-nine per cent., yet this product 
is perfectly soluble ; if, how(‘ver, C were the last, all pro- 
ducts not attaining sixty-four per cent, in their amount 
of increase would contain unchanged cotton, and would 
bo only partially soluble, 

2 nd. The product of Uie action of 1 

-|- 5 no, in which the texture of Uic cotton is more or 
less destroyed, is only partially soluble in ether-**cott0n, 
apparently unchanged, remaining behind ; it thua ap» 
pcaits that the soluble portion is the lowest compound 
obtainable by the actions of mixed acids on oottotu 
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3rd. As the next n timber in the series, its composi- 
tion would be 1 *^ 30 ) wbicb exactly corre- 

fiponclfi with that assigned to xyloidin ; and ono hun- 
dred of cotton should yield 155 '5. The soluble portion 
of these products further corresponds with xyloidhi iu 
giving an opeupAe fdm on drying, and in its solubility 
in glacial acetic acid. Although the xyloidius of woody 
fibre and starch agree in composition, they may he 
distinguished by the action of KS, ITS, which reduces 
each to its proximate constituents, when the usual re- 
action with iodine may be obtained in the ono case, 
but not in the oilier. 

The modifications productnl by the action of hot acids 
have not yet been examined ; there is in Iheso cases 
gi'cater dillicnlty of avoiding loss in washing, in consc- 
cjiienco of their disintegrated stiite, if immersed suffi- 
ciently long to obtain dotinite com])Ounds. It is evi- 
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undergone, they still retained a pdrtton of iiitritte. 
The Ijrownisli solution obtained ii^as agtdii ptBeipi-* 
tated by acetate of lead, washed, apd debotnpdsed as 
before, when a pale yellow, sfrongly-aoid liquid Iras , 
obtained, retaining the original reducing pbwor ujxm 
the salts of silver unffnpaired, and capable of rapidly 
decomposing carbonates with elforvoscenoe. Its power 
of forming crystalline salts was examined by slowly 
eva]>oratiiig a solution of the com[K>uttd on a slip of 
glass, and viewing it under a microscope. The am- 
monia-salt appeanng to be the most promising, the 
liquid was neutralized with ammonia, and allowed to 
evaporate in vacuo. After some time, little tnfts of pris- 
matic crystals formed. On examination, however, these 
were found to be devoid of reducing power, and proved 
to bo oxalate of ammonia. 'I’hat flic oxalic acid had 
not been formed by the subsequent processes was 
proved by detecting it in the original solution of gun- 


dent, however, that tlicro are at least two, ])ro(liiced i cotton in cold aqueous potaSvSa. The liquid, freed from 

, f IIO, NO. '] . oTT/-, 1 1 I TT/A I oxalic acid bv Tiitrnto of lime, was found to possess 

lespcc ive y “1” > j niany of the characteristics of saccharic acid, such as 

since the former becomes insoiuhlo after drying, while I its property of carrying down nitritcB with its lead 


tile latter remains sohihle. All the Cdmjjounds soluble 
iu ether givf3 transparent films on drying, exce])t 1). 
The presence of this last-named compound is one of 
the causes of opacity on the drying of some collodions ; 
the other causes are, water in the alcohol or ether, or 
the presence of acetic ether. All these compounds 
may be prepared with mixtures eontaiiiing much larger 
I>roportions of sulphuric acid arid water ; but these 
have the disadvantage of rapidly dissolving the com- 
pounds if used warm. 

While endeavoring to ascertiin the Ht.ite in which 
nitrogen exists in these compounds. IIaik>vv was led to 
examine the action of caustic pot.issa on the highest 
compound, with wdiidi, as is w^ell kuowm, it produces a 
solution capable of reducing sails of silver to a mirror- 
like surface upon the vessel that contains them. The 
deconij)osition of gun-cotton by a solution of potassa 
takes place slowly at ordinary temj)eraturcs, hut almost 
instantly on raising it to IGO'’. Each portion then 
iininersecl causes a considerable extrication of heat, by 
which the temperature is soon raised to the boiling 
point, and ammonia is evolved with etfervesccncc. In 
making the solution for examinatioji, the temperature 
w^as kept at 150 \ to avoid the formation of secondary 
products. At this point the gun-cotton quietly dis- 
appears without clFervcsccnce, ]iro(lucing at last a dark 
viscid fluid. This was diluted, neutralized wdth acetic 
acid, and precipitated by neutral acetate of lead. Tlic 
filtrate gave a further abundant precipitate with the 
basic acetate, from which it was at first concluded 
that there w^crc two distinct acids present ; this, how- 
ever, was afterwards fonnd to arise from the solubility 
of the plumbous deposit in the acetate of potassa tlwit 
had been formed, from which solution the basic acetate 
agaia throws it down. Tlie liquid filtered from both 
orecipitales contained nitrite and nitrate of potassa. 
The lead precipitates, after thorough washing on a 
linen filter, were diffused tlirough water, and decom- 
posed by sulphide of hydrogen, during w'hich pi’occss 
efifervescenco occurred, with escape of NO^, showing 
thatj notwithstanding the washings the deposits had 


salts, and its reducing power on salts of silver, which is 
manifested in lu)th eases on adding to the rcppcctivo 
mcnstnia a portion of a solution of nitrate of silver, 
ammonia Bufficient to cause a clear liquid, and subse- 
quently caustic potnssa, without which in cither case 
no mirror-likc deposit will tako place even on boiling. 
In certain proportions the color of the reduced silver is 
idtmtical. Like the neutral saccharates, the neutral 
salts of tliis acid, which might be termed pyrpxylio 
acid until its identity with some other is proved, like- 
wise give precipitates with salts of lime, baryta, and 
cadmium. The principal differences between the iWo 
acids are, that no crystalline acid fvyi oxalate of po- 
tassa could be obtained, tlio solution drying in vacuo to 
a gummy mass, whereas the fwoid saocharate is very 
easily crystallised; and that the saccharates of the 
above-mentioned bases are far more soluble iu the heat 
than in the cold, and are visihl}* crystalline under tlm 
microscope ; wliilc the {jyroxalatcs of lime and baryta 
are but slightly sohiblo on warming tho liquid, and that 
of cadmium docs not redissolve at all on tho mere 
application of heat, though, like tlie saccharate, It is 
reudily soluble in an excess of the salt of oadirtiutD. 
'J'hc prccipltatiis are likewise all amotq^hous, with the 
exception of the lime salt, which has the fonn of little 
nodules. IlADfiw could not further examine tho pro- 
pfrties of this acid, or obtain a compound With the- 
certainty of its being sufficiently pure for analysis, in 
consequence of the want of crystalline form and tho 
obstinacy with which a portion of coloring matter is 
retained. — Iladow, 

Collodion. — This substance, wbicii is formed by 
dissolving gun-cotton in spirit, has of late years been 
extensively employed in the manner subsequently stated, 
under tho ukcr of gun-cotton. The following are the 
best proportions for mfiiking it : — 

rutaHy wdoia. 

Prepared coif on, B 

liect filed ether 125 

itectfiicd hIcoIioI, * , 8 

Put the cotton with the other into a WolLstoppcd 
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'botttle^ and agitnte tbe ipixtura for some minutea. Tlicu 
odd tbo alcohol by degrcea, and continuo to shake until 
the whole of the liquid acquires a sirupy consistence. 
It may he then passed through a clotlii the residue 
strongly pressed, and the liquid kept in a well-secured 
bottle. 

Cdlodim thus prepared possesses remarkably ad- 
hesive properties* A piece of linen or cotton cloth 
covered, with it, and made to adhere by evaporation to 
tbe palm of tlie hand, will support, after a few minutes, 
without yielding, a weight of from twenty to thirty 
pounds. Its adlieslve ])owcr is bo great, that tbe cloth 
will commonly bo lorn before it gives way. The col- 
lodion cannot bo regarded as a perfect solution of the 
cotton. It coutainB, puBpending and iloating in it, a 
quantity of tbe vegeUd fibre which has escaped the 
solvent action of tlie ether. Tlie liquid portion may be 
separated from tliose fibres by a filter, but it is doubtful 
whether this is an advanUigc. In Ujc evaporation of 
Uie liquid, tliese undissolvcd libres, by fulriug with each 
I other, appear to give a gj’catcr degree of tenacity and 
j I resistance to Uie exsiccated mass, 
j In the preparation of collodion it is indispensable to 

I 1 1 avoid the presence of water, as this renders it loss ad- 
! , j hesive; hence tlie other, as well as the alcohol, should 

j ; I bo pure and rectified. The parts to wliich the collodion 
i is applied should bo first thoronglily drifcZ, and no water 

I allowed to come in contact wi(h them until nil the ctlier 

I , ; is evaporated. 

I j ; A method for the preparation of clastic collodion Ls 
j ! 1 given by Laukas. He prefaces it .as follows : — 

I ! I The important iinprovomciit to be made in this corn- 
1 ! I pound, which hitherto has not been of very frequent 

I ' i application in therapeutics, consists in giving ellicacy 
! I ! to it, and in preventing the sufierings produced by its 

I j application on any portion of the body, and jiririciptdly 
i i on the articulations, which are much constricted after 

I I having been covered with it — an clfect duo to its want 
I ' ' of suj)plcnoss and^lasticity, .and which the skin rcquiies 

1 j botli for stretAjhiiig and contracting. 

I j By adopting the following formula, every inoonveni- 
: ' once is obviated, collodion becomes easy of employ- 
j I rneiit, and enables the patient to move without suticring 
I pain : — 

I Sulphuric acid, of specific gravity 1-817, three him- 
I drod grammes; dry nitrate of potassa, two hundred 
j grammes. These are both mixed togolhor in a stone- 
j ware or porcelain pot, and bni grammes of carded 
cotton added. 

Leave in contact for twelve minutes ; withdraw the 
cotton, wash it with cold water to remove the acid 
which it retains, and after two or three rinsings, immerse 
it in water containing thirty grammes of Ciubonate of 
J potassa in solution in one Jmadred gnirnmcs of water ; 
j plunge it again into ordinary water, agitate well, and 
I dry at a temperature of 77® to 8G®. 

The cotton thus prepared takes the name of Xyloidin, 
and may afterwards be mixed with the ether and the 
other aubstenoes which form it into cl^istic collodion. 

Elaadc Xyloidin eight grammes, ordinary 

ether one hundred and twenty-five giammes. Place in 
a w^e-mouthed flask, and add alcohol of specific 
gravity *826 eight grammes. AgiUte, and then make 


j a mixture composed of Venice tuipentine two graiaines; 

I castor oil two grammes; wiiito wax two grammes; oilier 
six gi-aromes. Heat together the first tte'ce substances, 
add tlie ether, and combiuo the two mixtures. 

Adultekation. — S hould it be desired to ascertain 
whether ordinary carded cotton has not been added to 
sophisticate the gun-cotton, it may be arrived at by the 
following micro-chemical process. A small portion of 
the cotton is impregnated with a solution of iodine, and 
a drop of sulphuric acid added, and then submitted to 
the lens ; the gun-cotton is very feebly afibeted by this 
treatment, and retains the yellow coloration communi- 
cated by the iodine only slightly intensified after some 
time, whilst under tbe same treatment the fibres of 
ordinary cotton would quickly disintegrate, and partake 
of a lively violet hue. The intensity of the latter will 
be a comparative indication of the probable amount of 
tbe adulterants. 

Uses. — Many attempts have been made to apply 
I gim-eotton to mining purposes on account of its enor- 
mous exid'osivc force, and the small quantity of smoke 
I which it produces ; but the objections to its use are 
riumcrous, tlie mo-st fatal one being its liability to 
spontaneous ignition. 

Gun-cotton continues to bo an object of great interest 
on account of its application to the beautiful art of 
photography. AVhon the cotton is prepared in such a 
way as to burn slowly, it is not liable to spontaneous 
ignition, and it is in this state j)erfectJy soluble in ether, 
which the more explosive cotton is not. If the ethereal 
solution be pouiod on the surlaco of cold water, a paper 
ispiiiduccd, which is prepared lor the use of the photo- 
grai)her. This paper is a very active cloctiic, and is 
perfectly soluble in ether. Collodion bus also been 
made use of in surgeay, by api»lying the ethereal 
sohuion to a tvonnd, when a thin delicate artificial skin 
is formed by it, wliicii jiorfectly excludes the air. — AV 
cyclopf^dia Hr It a nn ica . 

GUNPOWDER. — Poudre. d canon, French; Sc/ucss^ 
inilver, German. — Tlie article which bears this title is 
a singular mixture of nitrate of potfussa — sallpeti'e — 
huljiliur, and charcoal, and is so well known for its re- 
markable pro[>ci ties by every one, that it is unnecessary 
to enter into a detailed ex])ositioii of it. Eegarding its 
manufacture and the us(is to which it is devoted, how- 
ever, in a true light, its importance as an agent of power, 
which places it side by side with .steam at the present 
day, cannot fail to render it an object of deep research 
and inquiry. 

It might well be said that no other branch of industry 
has, during many years, decided the destinies of people 
so much as gunpowder. Sometimes favorable lo tlie 
progress of civilization, powder offers to the miner and 
cuginocr a ready and sure means of breaking all ob- 
stacles which intercept tlieir progress in their labors; 
sometimes, on occasions of festivity, it become.s in tho 
hands of tlie artificer a symbol of joyful public rejoic- 
ings ; awd, finally, on oticasions of civil strife and war?- 
fare, it turns out to be a sure instrument of death and 
massacro — spreading tlie devastating bullet or shdfi 
with an effect which lays nation$ of grehtncNte and 
pomp level with tlio dust, and raises otbm to the 
dignity of empires. 
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8S6 GUNPOWDER Historical Notice. 


The invention of gunpowder formed a grand epoch 
in the world’s history. Tomlinson nscrJl^ee it to 
I Barthold Schwartz, a German monk and alche- 
mist, and the date of the discovery is supposed to be 
about the year 1320. The prior claims of Roger 
Bacon, whatever they bo, are, however, unquestion- 
able, as this substance is described in his writings 
about the year 1270, or half a century befoi’e the sup- 
posed discovery by Schwartz. But even Bacon 
himself has as little title to the invention as his im- 
agined rival ; nor, indeed, when his own description of 
this then wonderful compound is examined, can it be 
perceived that be makes any claim to, be the discoverer. 

I On the contrary, he quotes it as a well-known sub- 

I stance in common use all over the world, for making 

, I squibs for the amusement of children — so pertinacious 

; I are vulgar errors. Dutens attempts to show tliut the 

, f claim, which certainly does not belong to Bacon, is 

! ; removed to Magnus GUiECUS, whose manuscript ho 
quotes, and from which he. presumes Bacon derives 
• [ his knowledge of the invention ; although, by his own 

i I showing, Bacon need not liave consulted an obscure 

writing for an invention of general notoriety. In the 
i same manuscript are contained directions for making a 
i rocket, whicli are such as to prove that the nature of 
j ' this firework was thoroughly understood. It is even 
remarkable that ho recommends the charcoal of willow 
wood, whicli the moderns have found by experience to 
I he amongst the best for such purposes. 

‘ Thus far the date of the origin of giinpow<ler has 
I been traced, not only beyond Bacon, but beyond this 
; supposed predecessor, as he himself professes to be a 
compiler f not an author of the Liber Jfjnitun, as he 
I denominates his treatise. If, in attempting to ascend 
still higher, the evidence becomes more rare and ille- 
gible, there are still insuperable facts to prove that its 
antiquity is far greater, however impossible it may bo 
to approximate to the date of the invention, mucli loss 
to assign that wdiich appears to be buried amongst 
the obscurities of oriental learning. The question of 
gunpowder as applied to artillery is a separate one ; 
i but there is abundant reason to believe that tliis com- 
! pound was not only used in some form or other as an j 
j exjdosive and combustible substance, but that it was 
j applied even to military puiposes— it may be, in the 
I shape of rockets or other fireworks, which, for objects 
I of amiiscmont at least, have been familiar to the Oliincsc 
j beyond all record. 

j The earliest date to which the knowledge of gun- 
j powder can be referred, in defect of a sufficiently remote 
! acquaintance with oriental history, is 355 before Christ, 
although, from the very nature of this attestation,' it 
f( Hows that it was then not only known to the Eastern 
nations, but that it must have long been so, since, even 
at that early period, it was apjdied to warlike purposes. 
In the code of Hindoo laws, indeed, where it is men- 
tioned, it is referred to an era which oriental antiquaries 
have considered as coincident with the time of idosES. 
But the evidence to which more particular allusion is 
made, is found in a passage of the Life of Apollonius 
Tycmtms by Philostratus, the puq3ort of which*^ is 
iliRt Alexander was unwilling to attack the Oxydracse, 
who lived between the Hyphasis and the Ganges, be- 


cause they were under the care of the gods, aod Over- 
threw their enemies with thunder and lightning which 
they shot from Uicir walls. The same account is givem 
of the repulses experienced in this country by Her- 
j CULES and Bacchus. 

! The next of these jcarly dates, in which Also the 
evidence is imperfect, is 212 before Christ; but the 
establishment of the proof of the last would render this 
one more credible. In the defence of Syracuse by 
Archimedes, Vitruvius relates that one of his 
engines threw stones with a great noise — a description 
which does not apply to any of the mechanical artillery 
of the ancients. On a notice so superficial, however, 
much stress must not bo laid, and here ends all tlie in- 
formation respecting the earliest knowledge of gun- 
powder. It seems, however, so decidedly capable of . 
being traced from tho East, through the intervention of j 
the Arabs, that there can be little doubt of its oriental j i 
origin, ami of its being thence imported into Etirope. i j 
Indeed, the military use of rockets in tlie armies of i i 
India ascends to a very remote period. ! | 

Of the earliest date at which it was known in China, i 1 
their own evidence is defective; ])iit Uefano, an Italian 1 1 
author, affirms that not only gunpowder, but ordnance, j | 
was in use iii that nation in the year 85, and tliat in ! l 
Jiis day can non were remaining from tho most ancient ; * 
times in some of the maritime provirices, made both of , ; 
iron and of brass. Hence some 'writers presume that i 
the Chinese communicated the invention to the Indians; I 
whilst it lias also been said, but on no sufficient au- 1 1 
tbority, that they themselves received it from Tartary i i 
— a nation respecting which little or nothing is known ! i 
and in whicii one would not be inclined to look for an • i 
early acquaintance with tho arta. This, however, ! 
refers to a date so latu as 917 ; so that, if tiiove is any 
dependence to be placed on the Indian and Chinese j | 
hypotl.csi.s, the 'I’artars must themselves have borrowed i | 
the invention from those to whom they are said to ; ' 
have lent it. • j | 

There is after this a long hlank ; and the first author | j 
on tlie subject is an Arabic writer, in the Esenrial col- 1 1 
lection, wliosc work, bearing date 1249 — about twenty j 

years before the date of Bacon’s narrative — is translated 
by Casiri. His description is such tliat it may apply 
both to rockets and to shells. In the former case, it 
only involves the knowledge of the detonating com- 
pound; the latter, were it proved, would show tliat 
they were also acquainted with tho use of ordnance, 
although it is not impossible but that such projectiles* 
might have been thrown by mechanical artilleiy. 

As the invention of gunpowder has been populaily 
ascribed to Bacon and to Schwartz, so the use of 
ordnance has been referred to the time of the battle of 
Cressy — 1346. To pass over the Chinese hypothesis 
on this part of the subject, it will be found that cannon 
were known at least as early as tlie year 1312. Tliis 
is derived from the source quoted by CASilil ; from 
Arabian writers who in 1312 and 132^ describe the 
use of ordnance ; whilst, if Barbour is to be trusted, 
Edward III. was also provided with some pieces 
of artillery in 1327, and P&re Daniel asserts that 
cannon were known to the* French in 1338, This 
discussion need not be carried lower ; though, in favor 
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^ of the oriental origin of the invention^ it may be 
remarked, that artillery was much in use in the kledi- 
teiranean when it was still but little used elsewhere ; 
as by the Venetians in 1380 against Genoa, and by 
ALppaijiso XL in his wars witli the Moors. — Encyclo- 
pedia Eritarmea: 

In the’ prolegomena it was stated that gunpowder is 
a composition of definite quantities of sulphur, saltpetre, 
and charcoal. From timo to time various experiments 
have boon conducted with considerable care for the 
V sake of determining the most convenient proportions of 
the foregoing substances; and, singularly enough, people 
have, in almost every instance, fallen back upon the 
recipes given by the most ancient writers upon the 
production of this article. The knowledge that powder 
owes its extraordinary effects to the sudden transforma- 
tion of its solid constiineuts into permanent gases, the 
volume of winch is enlarged by tlie temperature re- 
sulting from the chemical action producing this change, 
will at once lead to the conclusion, that all matters 
incapable of undergoing such a modification injure or 
depreciato, in proportion to their quantity, the quality 
and efficacy of the product. Hence it should always 
bo the desire of the manufacturer to uso the purest 
materials ; and, to assist him in his business, they will 
be considered here. 

Mateuials.— TIio groalest care is requisite in the 
preparation of pure ingredients for the manufacture of 
gunpowder. 

The princij)al saline impurity in saltpetre is chloride 
of sodium — common salt — which has a very injurious 
action upon gunpowder, causing it to absorb moisture, 
whereby its power is soon considerably weakened. 
Saltpetre containing more than a three- thou sandth part 
of chlorides, is rejected as unfit for use. 

The solubility of saltpetre at 212’ is about four- 
teen times greater than it is at ordinary tempera- 
lures, while that of chloride of potassium is only about 
tvrico as great, and that of chloride of sodium is but 
slightly increased. If, therefore,^ a solution containing 
these three salts bo concontrated, the greater quantities 
of the chlorides will bo dci)Ositcd as tluj water decreases, 
even before tlie nitrate of potassa c.xhibits any symptom 
of crystallizing out. This Be])aration is e fleeted in 
practice, by placing a perforated iron ladle or dish on 
tbe bottom of tlie boiler in which the solution is being 
concentrated. The chlorides, as they separate by the 
evaporaiion of the water, deposit upon the dish, and 
may from time to time be removed, When small 
needles of nitrate of potassa begin to appear, the men- 
Btrunm is run off into the crystallizing cooler, from 
which tolerably pure saltpetre will be obUinod, to be 
refined by a similar operation. 

At Waltham Abbey tlie refining of saltpetre is effected 
by first decolorizing its solution by ebullition with 
newly-bamt charcoal, and then by repeated crystalliza- 
tion. Groat care must bo exercised in this process, 
which will bo fully dwelt upon under Potassa. 

MphuTy as employed for the manufacture of gun- 
powder, is generally in the sublimed state, or that 
kuown in common parlance as jfhmrs o/ mdphur. 
These are obtained by conducting the vapor of sul- 
phur into large chamhers, the sides of which must 
voi.. n. 


be kept cool. The sulphur condenses In the form of 
a fine crystalline lemon-yellow powder. When the 
sides of the chamber become heated, the sulphur fioses, 
becomes limpid, and trickles down to the base of the 
chamber. To prevent this, which, of course, would 
spoil the whole deposit of flowers, as soon as the walls 
of tlie chamber get too warm, the communication 
between the latter and the retort is closed, and another 
one opened, loading into a metal receiver; the sulphur 
is allowed to distil over into this until the first chamlier 
has become sufficiently cool, and the flowers have been 
collected from its sides, when the vapors are again 
passed into it. 

The sublimed sulphur sometimes requires washing, in 
order to free it from the 8ul])huric acid which is gen- 
erally formed with it, and which is caused by the oxi- 
dation of the sulphurous vapors by means of the 
common air which pervades the condensing chamber 
previous to the commencement of the distillation of 
each charge. 

It has been suggested that the sulphuric acid should 
be cemoved by allowing the suljihur to remain between 
damp cloths for some lime previous to uso. 

Charcoal . — The third piinciiml constituent of gun- 
powder is charcoal reduced to an im[)alpable state. This 
coustituont demands no less attention in the selection 
than the other compononts; for much of the cffici<3ncy 
of tlie powder depends upon its possessing such qualities 
as experience has shown to be required. Even in the 
time of Magnus GrjKCUs, as already qjcntioiied in tlie 
preceding historical notice, the charcoal of willow-wood 
was preferred, and experience has fully proved that 
the charcoal of the soft woods always produces the 
best results. Sonoo timo since, dogwood was adopted, 
as giving the most friable charcoal; but it has since 
been shovTi that tho woods of the willow, poplar, black 
alder, and chestnut trees afford equally suitable pro- 
ducts. The hard woods are invariably rejected, and 
with justice ; though the presence in them of delete- 
rious salts is not the only objection to their use. 

Two considerations must not bo overlooked in choos- 
ing a proper charcoal— namely, the nature of the wood, 
and the manner in which tho carbonization of the samo ; 
is conducted ; ami each demands the utmost circum- | 
spection in the maniifiicturer who is desirous of pro- [ 
ducing an article which will yield the greatest possible 
amount of force, and combine at the same time tbe qua^ 
lity of inflaming readily, as well as tliat of leaving tho 
least quantity of rcsiduaiy' matter after its ignition. 

There is no doubt, says the writer of the wtielo 
Gunpowdek in the Encydo 2 )edia Britannicay that 
wood which contains carhonalo of potassa or other 
deliquescent salts, is unfit for the purpose, and for 
obvious causes. This is the case in the oak, elm, 
fir, and other trees. But there is another reason for 
tbe badness of these kinds of charcoal, which is not so 
obvious, altliough it is evidently connected with tlw^ir 
hardness. It appears to depend on the small pro<* 
portion of hydrogen combined with the carbon in 
charcoals, compared to that which exists in the produce 
of tbe softer woods. Even these can be reduced to the 
same state by subjecting them to higher tamperatureu. 
Thus tho hyi-ogon is dissipated, the diaycoiiJ becomii^ 
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flO hard SB to scratch steel; in ’which case, however 
obtained, it is unfit for gunpowder. 

Thus experience has found, from time to time, how 
t ill-adapted for this manufacture are many of the char- 
coals usually prepared ; but such acquisitions were fre- 
quently gained at the expense of a loss sustained by 
the failure of some experiment. In later times, how- 
ever, scientific research clears the path for the manu- 
facturer to some extent, so that he who desires to pro- 
gress has not to confide in the results of haphazard 
experiments^ the principles of which may be but ill 
understood, but rather decide according to the conclu- 
sions drawn from the well-contrived investigation on 
the subject. PiiousT is one of those who has made 
the materials and preparation of gunpowder his study, 
and from them considerable information may be gained. 
“With the view of finding the best quality of charcoal, 
he practised tlie following ready and simple means. 
He makes a mixture of twelve grains of the charcoal 
and sixty-two of nitrate of potassa by careful grinding 
in a mortar, and then introduces it on a small tray into 
a copper tube two and a half inches in length by three 
lines in diameter ; he primes on tho top of this with a 
little fowling powder, and when tins is done, tho lower 
part of tho tube is fitted in a dish of cork, or “other 
light material, which is floated on the surface of water. 
It is evident from these arrangements, analogous as 
they are to those under which the powder is inflamed, 
that the mixture which burns the more readily is that 
which is most suited to the manufacture. By experi- 
Tiients conducted in this way, and with all the precau- 
tions available under the circumstances, PaousT ob- 
tained the following results : — 

Mixtura of stxtjr-two Tlmo oftha Wcifrht of 

gratutt i>f aRUiMitra and combaatiom miciua in 

twelve of (.horcual. In taoouda. gntbu^. 

Flom hemp or hemp husk, .... JO 12 

“ Bttilkri of ahphixlol, 10 12 

“ vine branchea, 12 20 

“ poa stalks,. 13 21 

“ nine, 17 30 

“ hourdaitie, 20 24 

“ spindle- tree, 21 27 

hazlo, 23 30 

■ “ inaijie canes, . . .• 25 38 

“ chestnut -tree, 20 36 

“ walnut-tree, 29 33 

“ maize, 65 43 

“ coal-coke, 50 45 

** euffar, 70 48 

' When submitted to the same operation, he found 
that the cliarcoal produced from starch, wheat, rice, 
gall-nuts, indigo, gluten, gelatin, albumen, blood, and 
skin, and, in fact, tlmso derived from all animal matters, 
would not undergo combustion. 

Ffom tho foregoing table it is evident that those 
%/hich precede the charcoal from hazlewood rise in the 
scale of superior fitness, whilst those beneath the latter 
evidently descend, and are not well adapted for the 
manufacture. 

Other experiments upon the same subject, founding 
the comparison of the different charcoals upon the 
volume of gas which they yielded when ignited with 
saltpetre, have been conducted by French and British 
chemists, and the results are tabulated below. In eaieh 
case the proportions used by the former were sixty 
grldns of nitrate of potassa to twelve of charcoal ; but 

in the latter the calculations are ruftde to cMespond 
with the same standard : — 

From French hemp etalka, .... 62 IS 

asphodel,.., 62 ........ 20 

vine, 64 ........ 20 

pea stalks, 62 ........ 21 

** apindle-tree, 66 29 

“ fir, 66 60 

** chestnut, 66 80 

“ hazle, 66 83 

" lamp-black, 54 ........ 44 

coke, 54 ........ 45 

filbert, 72 30 

Much of the interest which might otherwise be taimn 
in the foregoing results of tho French chemists is lost, 
on account of tho subjects being not likely ever to enter 
practically, at least to any extent, into the manufacture 
under consideration. Below are given results arrived 
at in England, by operating upon tho more frequently- 
occurring woods : — 

Froportkn of guv 

Filbert, 72 

OiUc, 61-H63 

lilubogauy, 58 

Elm, 62 

Willow — /Salix AUmi^ 76-78 

Aider, 74-73 

Dogwood — lihamnua fTongid^i^ .... 80-82-84 

Oak bark, 58 

An iiLUil cliarcoal, 50-46-42-40 

Coko, 52-48 

Lamp-black, 64-52 

Oak charcoal overheated, 5-1-.56 

Willow “ “ 62 64-60 

Tomlinson attributes much of tho difference in the 
latter table to tho method in which tlio charcoal is 
prepared, rather than to the substance itself, since ho 
considers that to overheat tho matter in its carboniza- 
tion is injurious to its power of combustion. This is 
evidenced by tho results which tlio modified charcoah 
from oak and willow aflbrde(l ; and, in fact, several re- 
searches have led to the acknowledgment of tho same 
fact. ViOLETTR lias shown that tlio moat combustible 
charcoal loses this quality in proportion as the heat ap- 
plied in the carbonization is raised, tiB ultimately, when 
tho charring is made at tho fusing point of platinum, 
the product obtained is so incombustible as to be ignited 
with dijliculty even when tho heat is 2282*. During 
his researches upon tho carbonization of wood and tho 
application of charcoal, he examined with considerable 
skill and acuteness the various products which most of 
the ordinary woods afford by charrmg, in reference to 
their combustibility in air, and tjio temperature of their 
ignition according to the caloric applied in their manu- 
facture, and also with regard to the same kind of char- 
coal when subjected to an increasing heat in close 
vessels ; tho temperature at which charcoals decompose 
nitrate of pqtassa, os well when they ore the result of 
a standard degree of heat, as when this degree has 
been varied in their manufa^ure. To th^ teseardhes 
he has coupled tho esfamation of the necessaiy caloric 
required for sulphur to decompose the salipetre, and 
that at which it buttiS in air, and many others ; such a^ 
the tbermomctric degree at which powder is ignited,, 
die several mixtures used for tho tnanufaoture of powder | 

with regard to the amount Of tbebr constltaeaHi at | 
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ceUtra^ to wliioh reforenoe will bo made ia their respec* 
tbepkcest As the Buseeptibility of charcoal takmghre 
is Ik Sttl^Ject which, to those who are uuder the neoeBsity 
of storing it for some time 
, . yig, M, iu magazines, is highly in^ 

terostingy it may be well 
to lay before the reader 
the procedure of Vio* 
LETTE, for the estima- 
tion of the degree of heat 
' at which cluircoals enter 
spontaneously into com- 
bustion. 

lie adopted an appa- 
ratus similar to Fig. 246, 
in which A is a small Hat plate- iron basin, floating 
upon a bath of tin or pewter, b, which is heated by a fire 




Th« order of the 

1 


Tentporfttdre of tlie 
eertioitliaetiun ofehareoaL 


1500 — 2732 


at c. Tlie pieces of charcoal, prepared in pellete 0*01 
inches in length and O'OOl in thicknessi were placed 
symmeh^cally in the basin, a, and the fiire urged, thus 
increasing the heat of the tin bath, and, consequently, 
that of the small iron basin containing the cylinders 
of charcoal. The order of their inflammability w^ 
noted as each, in succession, gave indications of com^ 
bustion by a luminous point appearing upon the cir* 
oumference of the superior section, and which quickly 
enveloped the whole surface, and resulted in leaving 
only ash. In the following table, the series in the 
column A show the order of the spontaneous iguitiou 
of the materials which had been thoroughly charred, 
whilst those in B represent the order with reference 
to brown charcoals, or such as retained a portion of 
their constituents, and, therefore, had only been but 
impeifoctly made : — 


Tli« order of tlio 
igtitian of oliuooal. 


TetnpemCure of lh« 
oo/Umtsotlon ot oUoroool. 


From the above, it may l>e inferred tliat charcoal, 
prepared at 500®, is the most liable to undergo sponta- 
neous combustion. It is remarkable that the pheno- 
mena observed with regard to the brown or torrefied 
woo^ in the second column, before tlieir entering into 
ignition of complete carbonization, was effected fiiBt, as 
indicated by the quantities of fumes which were disen- 
gaged from them ; id est^ they were converted into a 
charcoal such as that prepared at 500®. As soon as 
this condition wtui attained, they luidorwent sponta- 
neous ignition. In the second place, it is easy to see 
that the inflammability of tlio charcoals decreases in 
proportion as the tcuiperature of tlioir preparation is 
more elevated. To make the examination more do- 
flnite than the comparative hut necessarily indeter- 
minate one abovo mentioned, the following process 
was followed : — A porcelain crucible was selected, and 
about sixty grammes of saltpetre fused in it. The bulb 
of a meronrial iliermometer immersed in it, showed that 
the melting occurred at G44°. Gmdually pieces of the 
most inflammable charcoal, such as those prepared at 
500®, were projected into the molten mass, and the 
cruoible quickly inclosed to prevent cooling by radia- 
tion; on taking the cover oif, the particles of charcoal 
were observed to be undergoing sovoral commotions, 
but without taking fire, notwithstanding that, by in- 
creaeing the heat only 1*8®, tlie matter burned. Hence 
it may be stated, iltat charcoal obtained at 500® ignites 
epontanecmsly at 645*8® or 646®. On increasing the 
temperature of the crucible and nitrate of potassa by 


regular increments of heat, it was found that charcoals 
prepared at temperatures from — 

.wo® to 536® ignited at 680® 

536 to 662 „ 608 

On raising the heat a little above 698®, the charcoal 
resulting at 819° ignited, but the other kinds, produced 
at a higher heat, refused to bum. As the tlienuo- 
meter ceased to indicate truly any higher heat, the 
hath had to be changed for one of pewter or tin. 
Haring introduced tlje more incombustible charcoals, 
then gently raised the temperature with a charcoal 
firo till near the point of redness, they began to show 
tlje first signs of combustion. 

In the annexed table the results are tabulated : — 


Thm tMnpernhirr at whidi 
ohajYMal hnR l>e«n 
OMrbonlunl 

260® = 500® 


Th« iomparfijtnT- Mt wlikii 
tliu charcoHls have 
iakcu flr«. 


i= 536 ^ 


680® 

CSO to 698 


1 360 to 870 — G98 to 716 


1023 — 1873*6 
1250 — 2282 
1300 — 2872 
1500 — 2782 
CharceaU made 


600 to 800 — 112 to 1472 


tvrcT- ^ 
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foregoing doterminatiouB possess a peculiar 
iiiteroBt for the powder manufacturer, especially when it 
is understood that frequently charcoal, produced at tem- 
peratures between 500° and 662°, are employed for the 
purposes of sporting powder ; the black kinds obtained 
at a higher heat, such us 819° or so, being reserved for 
the article in demand for the military and mining 
requirements. Now, since the first kind ignites spon- 
taneously at 680°, tho origin of the various explosions 
happening in powder mills may be easily traced. The 
increase of temperature by friction during the grinding, 
more especially when this is done by metallic bodies, 
often reaches the preceding degree, and, consequently, 
supplies the necessary conditions for inducing combus- 
tion in the mass ; again, when placed in the state of 
fino powder in tlio recipients, it condenses so much air 
in its pores that the heat, -which is a well-known result of 
such a condensation, is sometimes elevated to the above 
standard. Probably the compression referred to is not 
made without a chemical combination of a part of the 
oxygen with tho hydrocarbon in the charcoal, and 
such slow combustion, gathering greater force as it pro- 
gresses, may be in the end sufiioicntly active to ignite 
the whole mass. 

ViOLETTE further examined several varieties of char- 
coal, all of which were prepared at 572° by both the 
foregoing methods; they intlarned between 680° and 
716°, but in no case did they take fire at a lower heat 
than 680°. He observed that the charcoals from light 
woods generally ignited a little before the product fiom 
the harder kinds, with the exception of one, which is 
remarkable, namely, the charred product of the fun- 
goid excrescence of the willow tree {agaric de mule). 
Tho latter was observed to take tire in one instance at 
a temperature so low as 672°, arai in every experiment 
at 608°. Hence it is the most inflammable of all species 
of charcoal ; and, as the above-named invest ig.'itor re- 
marks, had it been prepared at 500° instead of at 572°, 
doubtless its spontaneous combustion would take place 
at a lower temperature than even that given. It may 
■well be inquired to what may this peculiarity be attri- 
buted? and, doubtless, as Violettk suggests, the or- 
ganic molecular state of the substance might exercise 
some influence whereby its rapid ignition is induced. 

To sum up these results, it will be seen — 

1. That the most inllaramahle of all wood charcoals 
{agaric de satde) takes place at 572°. 

2. That the charcoals from diflerent kinds of wood, 
when prepared at a constant boat of 572°, Bi>ontaiio- 
ously ignite between 698° and 734°, according to the 
nature of the wood producing them ; but that the pro- 
duct from the lighter burns quicker Ilian that of tho 
aenser woods, 

3. That charcoals from the same wood, only prepared 
at increasing temperatures, spontanleously undergo 
combustion at very unequal degrees of heat, as shown 
in the table, page 50, avte. 

After attentively considering tliese results, very little 
doubt will remain as to the best moans of carboni^iiug 
the wood. To a certainty the temperature of the char- 
coal, as prepared by most of the methods indicated 
under the charring of wood, vpl. ii., et seq.y and also 
under acetic acu), exceeds the limits laid down by 
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ViOLETTE ; and, therefore, it follows that the oombns- 
lion of a powder made by such materials will require 
a greater amount of caloric to induce its decomposition 
than if the charring heat was less. ‘Where the process 
by superheated steam or gases is not adopted, evidently 
the choice should bb decided in favor of that method 
which furnishes tho charcoal at the lowest degree of 
heat. There are three methods in ordinary use by 
which tho charcoal for the powder manufacturer is pre- 
pared, namely, tho pit, tlie funiaco, and the closed 
retort. When pits arc selected, they are made smaller 
than those described in the foregoing articles, and the 
walls and sides, together with the apertures for the 
introduction of air, are constructed with more care; 
the wood is also arranged in them with greater caution, 
and the combustion watched so that, during the opera- 
tion, the whole may bo completely acted upon, and no 
half-burned material left. In the general particulars, 
however, no diflerenco exists between tlie methods 
already alluded to and this, so that it will be needless 
to repeat the description. The product amounts to 
sixlcon or seventeen per cent, of the wood. If tho 
carbonization is eflected in furnaces, tho quantity of tlie 
product will not be so large ; besides the consumption 
of fuel will be greater than in tho preceding case. In 
England, however, the charcoal obtained by the dis- 
tillatory process in closed retorts is always preferred, 
although a considerable expenditure of fuel is occa- 
sioned in healing the vessels. The apparatus dcRcribed 
at vol. i., page 17, is tho same as used in this ope- 
ration. When the process of carbonization is coming 
to a close, the pipe connecting tho cylinder with the 
pyroligneous-acid receiver must bo closed, and very free 
egress must bo allowed for the volatile matter ; other- 
wise the charcoal is liable to injiiry by the deposition 
of a fuliginous varnish, and even by its reception of, 
and saturation with, condensable matter. 

Tomijnbon, who writes the exceUent article Gun- 
powder in the Knc.gdo'iicdia Britannicay is inclined to 
consider this prefcrenco for distilled charcoal a mistake 
of the causa pro 7U)7i causa. Pit charcoal, being made 
in coppice woods, is alwa^'s the produce of oak; and it 
is j)robable that this wood, if charred in close vessels, 
would bo oven worse than it is now. There is more 
danger of overheating in the retort than in the pit, 
while tho wood is not better burned; and hence, by a 
careless management of tho process, oven the charcoal 
of willow and alder may be rendered as bad as that of 
oak. Considering these various circumstances, char- 
coal requires to be submitted to throe tests. It ought 
to act as little as possible mechanically, even on cop- 
per ; no salts should be extracted from it by treating it 
with boiling distilled water ; and it ought to give out 
no smoke when heated. The latter test is indicativo 
of its being thoroughly burned. 

Tho selected wood, whatever its voriely, should 
always bo cut when in sap, and never when dead* 
Wood of five or six years’ growth is better suited for 
the manufacture of the charcoal than older kinds ^ for, 
generally, tho latter contains more mineral mattert, 
and, consequently, less carbon than the former ; and 
the most oonveniont size is branches firom three-quais 
tors to an inch in diameter. 
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The charooalf says Dn DbF) is considered by the 
Boientifie inanuiacturerB to be the ingredient most 
iailaential» by its fluctuating qualities, upon the com- 
position gunpowder ; and, therefore, it ought always 
to be prepared under vigilant and skilful superinten- 
denoe, ’ If it has been kept for eomo time, or quenched 
at first with water, it is imsuitable for the purpose. 
Chai’coal extinguished in a close vessel by exclusion of 
air, and afterwards by exposure to the atmosphere, 
absorbs only from three to four per cent, of moisture, 
while red-hot cliarooal quenched with water may lose, 
by drying, twenty-nine per cent. When the latter sort 
is used for gunpowder, a deduction of weight must be 
made for the water present. Charcoal, however, which 
lias remained long impregnated with moisture, consti- 
tutes a most detrimental ingredient of gunpowder. 

Before entering upon the description of the process 
for compounding ttic substances which constitute gun- 
powder, it may be well to give a few additional facts 
relative to tlie circumstances which affect tlio mutual 
decomposition of those bodies as they exist in this 
article, and render the phenomena of its explosion 
more easy of comprehension. Already some experi- 
ments of Pkoust have been adduced, which elicit 
comparative data of the explosiveness of certain varie- 
ties of charcoal when mixed intimately witli saltpetre ; 
but they do not afford any real knowledge as to the 
degree of heat required to bring about suel' a meta- 
niorphosia, although they indicate that some kinds of 
charcoal form more inflammable mixtures with nitrate 
of potasaa than others. Tlio investigation of V loniiT'rK 
upon the teihperaturo at wliich charcoal decomposes 
this agent, is much more definite, and consequently 
interesting. He found that the degree of caloric which 
occasions the combustion of charcoal in the air, is I 
much lower than what is necessary to cause the car- 
bonaceous matter to decompose the .oxidising agent i 
which is incorporated with it in the powder. To deter- 
mine this, he proceeded thus : — In a small porcelain 
crucible, heated by a carcel-lamp, which allowed the 
temperature to be easily regulated, nitrate of potassa 
was melted and maintained at 080°, being the degree 
at which the charcoals burned in the air. Into this 
bath a small cylinder of charcoal ai>i)endcd to a pla- 
tinum wire, or glass rod, is^ plunged, so that it is all 
submerged; although numerous bubbles of gas were 
disengaged, yet the carbonaoeous mass did not take fire 
at this temperature. By raising the heat gradually to 
716®, and, trying the experiment at this stage, the 
effeot was still negative, but ultimately it deflagrated 
after the bath had been raised to a higher degree of 
heat. The fusion of lead and zinc showed the ther- 
inometric effeot to be above 680® ; but it being incap- 
able of melting antimony, it was evident tliat the heat 
had not reached 819®, the fusing point of the latter 
metal. It may be concluded, tlierefore, tliat all char- 
coals prepared between 500° and under to 819“ decom- 
pose nitrate of potassa at 762“, but tliat such as are 
obtained between 1832“ and 2732“ are not affected at 
tbs pfocediog, nor at much higher heat, since they do 
not even bum upon the surface of the bath. 

The sme chemist determined the degree of heat at 
which ^phur decomposes nitrate of potasaa in an 


equally ingenious way. He found that when sulphur 
was thrown upon the suriaoe of tlie ba& of. fused salt> 
raised to the temperature of 680“, it floated about, 
melted, and inflamed ; the combination, however, was 
with the oxygen of the air, and none of the saltpetre 
had been acted upon. A similar result was arrived at 
when the bath was at 752“, or even a few degrees 
higher; but when it had attained 819°, the fusing point 
of antimony, deflagration occurred by tlio decomposi- 
tion of the potassa salt, and the evolution of a brilliant 
white light and a considerable quantity of gases. Xu 
the latter experiments it was necessary that the sul- 
phur, like the cliarcoal in the last-mentioned examina- 
tion, should be immersed in the fluid bath. To do this, 
ViOLETTE had a platinum crucible about the size of a 
pea coDstiiicted, and to this be appended a platinum 
wire, wliich might serve as a holder to it when im- 
mersed, mouth-under, in the hath. When 0*1 grain of 
sulphur was melted in this tiny vessel, and plunged into 
the bath in the manner shown in the an- 
nexed diagram, tlie ellect was observed 
with considerable accuracy. Until tlie 
heat had reached the decomposing degree, 
the sulphur was observed to ascend in 
bubbles of colorless vapor through the 
transparent bath, and burst into a beauti- 
ful blue flame. As soon as the inflam- 
mation of the siilpliur commenced within 
the fused saltpetre, the white light tra- 
versed the whole mass with the effect already detailed. 

An observation of Violette’b is worthy of notice 
here. Dm-iiig his examinations of the combustion of 
sulphur in nitrate of potassa, he tried at what tempera- 
ture this element burns in the air, but found that the 
limits whi<*h are stated with reference to it in chemical 
treatises differed, both from one another as well as from 
his results. Dumas gives the combustion of sulphur 
in air as taking place at 302° ; DAi/roN states that the 
heat is 500°, and Thomson, 501° ; but Viouette 
affirms tlie melting point to be exactly 480°. His 
experiments w^cre perfomied on the surface of a bath of 
tin ; contact of the sulphur and metal being avoided by 
placing it upon a thin pellicle of glass, and floating the 
latter upon the hot mctal.^ 

It was also observed that by sprinkling a little sul- 
]>hur upon charcoal thrown upon the surface of the 
heated bath, ignition took place under tlio degree 
at which the most combustible charcoal kindles, jfer se. 
This occurs on account of the heat developed by the 
combustion of the sulphur at 480°, and which brings 
the cliarcoal to the state of redness, and consequently 
at whicli, when air is supplied, it rapidly inflames. 

PiiOPOKTiONs OF THE INGREDIENTS. — The progress 
of improvement in determining the proportions of the 
constituents of gunpowder, has been very gradual. In 
this country, a long period elapsed befoi'o the present 
state of perfection was attained ; but this cannot well be 
wondered at, when one takes into consideration the 
ignorance which existed even up to the commencement 
of the present century, not only with regard to the 
theoretical laws of science, but also in respect of the 
properties of bodies purely chemical. 

Such compoimds as saltpetre^ sulphur, and charcoal 
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proportions were scarcely fit for squibs, much 
for the purpose of projecting sLot^ Again, one 
^ds such mktures os saltpetre twelve parts, with three 
each of charcoal and 8ul];^ur ; twenty-seven of nitrate 
of potassa to three of each of the other ingredients; 
saltpetre forty>eight, sulphur seven, and charcoal three 
parts; with many others which now-a-days appear equally 
ridiculous. At no very distant period, the French com- 
positions were, saltpetre fifty, sulphur sizteon, charcoal 
ihirty-four parts ; sadtpetre sixty-seven, sulphur thirteen, 
charcoal twenty ; and again, saltpetre eighty -four, sul- 
phur eight, and charcoal eight parts. 

Baptista Fouta was one of the first who en- 
deavored to ascertain the best relative quantities of 
the constituents, and his proportions, obtained in the 
year 1615, approached very nearly those now em* 
ployed in France. The deduotioTis of Guyton Mok- 
VBAU, Beaum:^, Ciiaptal, Proust, and Riffault, 
are represented below : — 

Dumas gives the proportions, saltpetre 75, sulphur 
12*5, and charcoal 12*5, as the most ancient known, 
and states, that however these proportions have been 
deviated from, either from pressing circumstances of 
time or place, the powder manufacturer had in the 
end to fall back upon the above mixture as ofifering the 
best composition. This seems to be the case, since tlie 
researches of the several original chemists who have 
taken up the question give mixtures closely approxi- 
mating to those numbers, as may be seen from the 
annexed table of the mixtares recommended by tlicm. 



aa1i|Mdr«. 

Bulphut. 

ChnMoia. 

Gayton Morvean, . . 

... 76 .. 

... 2 .. 

...15 

“ “ 

... 77 .. 

... 7 .. 

...17 

a it 

... 80 .. 

... 5 .. 

... 15 

Beaum^, 

... 80 .. 

... 5 .. 

... 15 

Cha|)tal, 

... 77 .. 

... 9 .. 

... 14 

ProuBt, 

....78 .. 

... y .. 

...13 


To these may be added the following 


Powder of Bale, . . . . 
“ Grenelle- 


SalipAtre. 

Fulpbur 

Cbaroonl. 

. 7.5*0 . 

.. 10 . 

...14 

. 76-0 .. 

.. 12 . 

.. 12 

. 77*5 .. 

.. 7*5 

... 15 

. 77*0 .. 

. . 9*5 . . 

... 13*6 


Of the latter class, that of Bfde is accounted the best 
for military and general warlike purposes; but, not- 
withstanding the superiority it possesses when recently 
prepared, if the compound has to be retained for a long 
time in magazines oc to endure long transport, it does 
not answer so well as the old proportions above referred 
to. Theoretically considered, this is, granting that all 
the materials possessed absolute purity, the best com- 
position ; for if the nature of decomposition of powder 
be attended to, and the products of the combustion 
examined, it will appear that only carbonic add, nitro- 
gen, and an alkaline snlplude are produced. Hence it 
may be reasonably inferred that the chemical s^bol 
comi|»ondiing with thia decompoattion, admitttzig of no 
losfi^ would be,-** 

KO, + a 0 + S 


Xltr»te orpetuM. 

KB + 


eW^pMdi of potiwtlimi, 


of aa%etEO^ thxee of diarcoal, 


and one of sulphur, by being made into a powder, 
affords one equivalent of sulphide oi potaseidm, Ihree 
of carbonic add, and one of nitrogen. Calculating 
from these data the percentage quantity' of each to be 
taken, the annexed results are obtained 


1 Bq. of nitrate of potaisa, . . ^ . 101 . « . ^ 74*81 ss 76*0 

lEq. ofsulpkur, 16 .... 11*85,=: 12*5 

3 Bqs. of carWi, 18 .... 13*34 ss 12*5 

135 100*00 100 00 

The difference between these numbers is so minute 
as to be worth noticing, even were nothing else to be 
taken into account ; but as shown by the analysis of 
several charcoals, as given under Fuel, there is always 
more or less hydrogen present, which concurs to make 
the combination more complete, and in accordance 
with theoretical results. Another instance of the accu- 
racy of the quantities taken for the preparation of 
another quality of powder, is the variety generally used 
for mining and blasting pur|)ose8. The proportions 
taken for this are 

Saltpetre, 65 ; 8iil])htir, 20 ; cliarcool, 15; 

Numbers which closely correspond with the formula,— 

KO NO5 -f Sj -f 4 0 = KSg -f 

^ ^ — — * ——— > 

HitMto ol fttulpliub eiuuroo*!. lliMilpbUI«ofp»tMdktm. 

2 CO 4- aCOj -f- N 




CAriionlc Ilf Id. CmImhiIo *dd. 

CMifctflmftlljr. 

1 Bq. of nitrate of potassa, lOt =; 64*33 

2 Eqs. cf Bulpbur, 32 = 20*44 

4 Eqs. of charcoal, 24 15*23 


Sporting powder is another of these compositions 
which may be reduced to tlie simplicity and certainty 
of n chemical formula. The usual quantities of the 
materials taken in tliis cose are 

Salti)ctre, 78 ; sulphur, 10 ; charcoal, 12 ; 

Numbers which may be expressed by equation, al- 
though this is not so simple as the precoding, owing to 
tlierc being a slight excess of oxygen over and above 
what the charcoal combines with, and the amount of 
sulphur used being incapai^ of retaining all the potas- 
sium in the state of sulphide. Thia will be seen from 
the formula, — 

8 (KO, KOe) + 6 S -f 23 0 = 5 BS -f 

2(KO,COa) + 2lCOa 4* 

That is, eight equivalents of saltpetre, six of eulphur^ 
arid twenty-three of carbon, afibrd five equivadents of 
sulphido of potassium, two of carbonate of potfu^ and 
twenty-one of carbonic acid and e%})t of nttrogeiu 
The truth of the formula is proved in a very striking 
manner by the fbllowiiig calcnlatkm i*— 


8 Bqs. of nitrate of potassa,.. 808 .. 77*64 #. 78 

6 Eqb. of Bulphnr, 08 . . 0*21 . . tO 

23 Bqs. of charei9s4-**etft^»^ MO* 13*25 IF 

io5 TooVo TSo 

The onatof^ in botkihe fiaregoioginstanamiB an#* 
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cient to show that the powder-^xnalcer has in compound- 
ing ht0 mixtures an unfailing guide, by following which 
he joannot get far wrong. A little diiference is occa- 
sioned in the foregoing, in the quantity of the calculated 
charcoal especially; but the explanation of the presence 
of hychrogen, which takes up such a larger quantity of 
oxygen from the nitrate of potassa during the explosion 
of the powdor, accounts for this. Indeed, were it not 
for this excess of hydrogen which makes up for the 
assumed amount of carbon in the charcoal, it would be 
difficult to reduce the quantities of real matter in the 
Bubstances within the e:|prcs&iou of a simple formula. 
Analyses show that the quantity of carbon in the char- 
coals which are usually incorporated, varies from sixty- 
eight to ninety per cent., and it is evident tliat when 
numerical quantities of tho ingredients, such as ex- 


pressed above fbr the manufacture ©f the powder, aiw 
strictly adhered to, serious differences owar in ffm 
quality of the article, according as the chhrcoal is more 
or less rich in carbon. To adhere, therefore, to the 
strict proportions indicated by the numbers laid down, 
and which assume that the materials are pure, it 
becomes absolutely necessary to determine the amount 
of carbon in the charcoal, and regulate the quantity 
according to such an estimation ; otherwise it is not at 
all surprising that two powders prepared exactly ac- 
cording to any given recipe, but with different materials 
of unknown qualities, should have very unequal effect 
when exploded. 

The following table shows the proportion of the 
ingredients used by the powder-makers of different 
nations 


England — Government Mills, Wal- 
tliam Abbey, 

Austria, , , , . . 

Franco, 

United States, 

Russia, 

Prussia,.. 

Spain, 

Uaarbourg, 

Hanover, ...» 

Hesse — Grand Duchy, 

“ Electorate, 

Holland 

Italy— Milan, 

Portugal, 

Saxony, 

Sweden, 

Wnrlciuburg, 

Baden, 

China, 


Ariilieiy Powder, 

1 llueket Powdor, 

Saltpetre. 

Sulpimr. 

Charcoal 


flulphitr. 

Charcoal 

75-0 

100 

IftO 

76-6 

9*00 

14*5 

7rr0 

so 

170 • 

780 

9*26 

12*75 

7C*0 

9-5 

14-5 

78*0 

8*5 

13*5 

70-0 

160 

170 

72-0 

16*0 

17*0 

70-0 

11*0 

13-0 

75*6 

11*3 

1,3-2 

750 

12-5 

12-5 

75*0 

12*6 

12*5 

750 

12*5 

12-5 

.... 


71 -0 

11 -.5 

17-5 

}80*0 


11*3 

750 

100 

15-0 

8*7 

75-0 

11-5 

13-5 

.... 

.... 

.... 

7r,«5 

10-8 

12-7 

.... 



720 

14-0 

14-0 

.... 



71-2 

lO'ft 

18-0 

.... 



74-4 

10‘6 

16*0 

73*7 

i6*7 

ii-G 

73-4 

13-3 

13*3 

.... 



70-0 

14-0 

16*0 

.... 



1 7fi-0 

120 

120 

«... 



7rv7 

10-7 , 

13-6 

.... 



75-5 

8-2 

ifi*;3 

70*6 

10*5 1 

13*0 

750 

9*0 

160 

. . • • 



75-0 

12-0 

13-0 

74*5 

io-V 

14-8 

I 760 

lO-O 

140 

7C0 

100 

140 

Cl-5 

15-5 1 

23*0 

.... 



76*7 

9-9 1 

1 

14-4 


.... 

.... 


Bportbig Powder. 



Several other proportions are in use in the countries 
specified above, which, to some extent, vary from those 
given. It is reasonable to suppose tliat in choosing 
tho foregoing numbers, the manufacturers of the several 
countries mentioned have conscientiously selected the 
numbers given as affording the best results; still, as 
there seems to be no tabulation of the composition of 
the materials, more especially df the charcoal, the 
Editor believes that a considerable amount of empiricism 
must bo connected with it ; at all events, the variation 
in the proportions must ho attributed to the inequalities 
in composition of the varieties used: for, had each 
sought the most appropriate mixture, and employed 
charcoal of a known per-centoge of carbon, doubtless, 
instead of tbo many variations, one invariable propor- 
tion would be adhered to by bH, and a closo analo;^ 
in the explorive force of the powder could be calculated 
upon. The ^ecies of powder which is used for mining 
and similar purposes vary in composition from tho kinds 
used for the military and for sporting; it has a mucli 
larger projportiim of charcoal than the latter, and con- 
sequently it is less sicpensiYe. From the example given 
in the'p^ceding of ^rts of such powder centesi- 


mully, and the exposition of its decomposition by a 
rational formula, this is shown to be tho case : besides, 
the products of the explosion contain, with carbonic 
acid, a large volume of carbonic oxide. As will be 
shown further on, the volume of gases w'hich such a 
powder affords is larger than what results from the 
shooting powder; but still tlie propulsive effect is less 
tlian with the latter. 

With reference to the study required to insure tbo 
production of the beat possible compound, and to find a 
general recipe, Violette submits a suggestion to 
which tho Editor subscribes, as it would contribute 
more than anytliing else to register the quality of the 
various powders and excice inquiry; namely, that a 
register of the propelling powder should bo kept 
annually, and such submitted to a competent party 
for consideration. As to the indications in tbo taigets, 
however, they are liable to bo affected by the nature of 
tliQ piece; and, jp fact, the powder itself when made 
; from precisely the same ingredients by two neighbouring 
establishments, varies in some measure, in ccmsequcBoe 
of tl^e dissimilar roanipulalions. 

To ascertain how far the powders prepared from 




€rUOTOWDEK iKFLAliMABlLITY— PttOPULSIVB EFIJ^CT. 


variable quantities of materials of the same centesimal 
oOHJpoBition differ in their halistic effect, Violette 
prepared a number of samples of fowling powder, each 
weighing about ':wenty kilogrammes, forty-four pounds, 
and submitted them to the tost. The following are too 
results ; — 


. tki ^ ^ « JkmODUX 0£ 0pf!CU OT 

rer.<»nttiBootiTnpo8lllonofmnteriftl*. oarboi. in one bill by the 
^ hun<1n><l inirti Imbiilto pen- 


Ko. 

Seltpotrc:. 

Hulphur 

Chuivoal. 

of clixrcolU. 

iluluni. 

1. 

78 ... 

.. 10 ... 

... 12 ... 

... 68 ... 

... 357 

2. 

72 ... 

.. 9 ... 

... 19 ... 

... 68 ... 

. 350 

3. 

72 ... 

.. 10 ... 

... 18 ... 

... 68 ... 

... 355 

4. 

71 ... 

.. 10 ... 

... 19 ... 

... 68 ... 

... 361 

5. 

71 ... 

.. 11 ... 

... 18 ... 

... 68 ... 

... 363 

6. 

71 ... 

.. 9 ... 

. .. 20 ... 

... 68 ... 

... 370 

7. 

71 ... 

11 ... 

... 18 ... 

... 85 ... 

... 337 


In this table No. 1 is toe regular proportion, and tho 
speed of the ball with such, Bupposiug all toe powder 
to be consumed, would be, according to toe usual rule, 
three hundred and fifty metres. . It is surprising to ob- 
serve that No. 6 in tlie above collection, in which the 
saltpetre is diminished by eight parts, and toe sulphur 
by one, and the charcoal increased by eight, is a 
superior powder to No. 1. No. 5 also constitutes a 
very good powder, but its quality would be consider- 
ably deteriorated bj" using, instead of the charcoal con- 
taining only sixtj^-cight per cent, of carbon, one 
yielding eighty-five per cent., as shown in tho last. 
This forms a striking example of tlie way in whicli an 
inequality in the per-centage of carbon in too powder 
affects it. 

The chief qualities which a good gunpow’dcr ought 
to possess, are ready inflammability, complete decom- 
position of its constituents, the production of the 
largest possible volume of clastic gases, and finally, that 
of aftbrding ouly too smallest possible amount of residue, 
and even that should bo of such a nature as not to 
injure the gun. 

Inflammahillty of Powder,— ¥\\m\ what has been 
stated in the preceding pages relative to the degrees of 
heat required to decompose the constituents of powder, 
a good inference may be drawn as to the degree of 
j heat at which powder will take iirc. 

I However, if a small quantity of pow’dcr be slowly 
I heated, and the temperature be gradually raised, it will 
i be observed toat toe sulphur, which is the most in- 
llararaable constituent, will begin to burn with a 
blueish flame at 482°, or thereabouts; and tlie boat 
developed in this partial combustion brings the 
other constituents into that state at which toe ni- 
trate of potasaa is decomposed by tho charcoal, 
whilst too remainder of too Bul])hur adds to the 
effect, by combining wdth too metal of tho oxidising 
Oo'ent, tlius — 

KO, NOe -f S -P 3 C = KJS -f. 3 CO, -f N. 

To ascertain whether the powders, as usually manu- 
factured, actually do ignite at the burning point of 
sulphur, Violette made some examinations by |>lac- 
ing portions^ of the powder to bq tosted on toe 
surface of a bato of tin, in which the bulb of a 
toonnometer was immersed, toe whole being heated 
by a small carcel-lamp : toe following losulta were 


Totnfiemtim wlilob 
inno(lu«(4 ddOAgrat^ 

KTo fipBdos of Powdor. Powdtfirin Pulv^HiMd 

angular grAliM, |K>wdn; 

1« Blasting powder, 516* .... 509* 

2. War ‘‘ 528-5 ..., 510‘5 

3. Sporting fino, 536 .... 5i4*8 

4. do. ^exti‘a-fiuQ,.. .. 606 *«.. 518*0 

Of toese No. 1 was made with black charcaal, and No. 
4 with brown or torrefied charcoal, tlie inflammability 
of which takes place at a much lower degree of heat 
than the first; still it is a matter of some sorprifie toflnd 
that tho former, in tho shape of powder, bums at a lowbr 
heat, excepting the variation in toe quantity of sulphur 
present in them may influence the defla^ation. Tliis 
element is present in the four samples in toe following 
ratio, namely, 20, 12’5, 10, and 9 per cent.; toe most 
combustible of the powders having toe largest amount 
of sulphur, which, of all the elements, is the most ready 
to enter into ignition. It may likewise be remarked 
that the size of the grain influences, in some measure, 
the temperature at whicli the powder bums. 

Bali Stic or ProptiUive Effect of The 

force wito wdiich a ball is projected, or a rock fractured, 
is, as may bo oasil}’ understood, in proportion to tho 
volume of gases which is produced when gunpowder or 
any other modification of this article is deflagrated. In 
case of gunpowiler, thc.se gases are principally carbonic 
acid and nitrogen ; and where mining powder is ope- 
rated upon, carbonic acid is likewise a product. But 
besides these it is found that small quantities of many 
other products are invariably formed, among which may 
be mentioned carbonic oxide, sulphurous acid, sulphido 
of liydrogen, bisulphide of carbon, carbonate of potassa, 
cyanide, and Kalphoc 5 ianidc of potassium and nqueouR 
va])or. The most important products of a careful and 
complete combustion, on a small scale, of powder of 
the above composition, have, i.owevcr, been found to 
correspond pretty closely to tho ttoove theoretical ex- 
pression. 

The gases disengaged in the corabnstion of this 
powder, would couipriso, at 32°, * a volume three 
hundred and twenty-nine times as great as toat oc- 
cupied by tbc pow'dcr. The force exerted by , the 
evolution of these gases is, however, mainly dependent 
upon their enormous expansion at the instant of the 
explosion, by the heat evolved in toe acticin; for it is 
calculated that one volume of powder of the above 
composition yields. At the moment of ignition, at leoBt 
two thousand times its volume of gas. 

If gunpowder contain more carbon In proportion to 
the nitrate of potassk than the quantity above stated, a 
proportionate amount of carbonic oxide is produced in 
its explosion ; thus if aix instead of three equivalents of 
curbon be employed to one equivalent of saltpetre, 
the wholo of the oxygen contained In the latter would 
tocoretically bo eliminated as carbonic oxide on 
decomposition of the powder, as the following equation 
shows : — 

KO,NOg +C8+B« kb + 

^ A ^ ..I 

NUrat«ofr(itMia. Ciirlvon:. Sulphiu*. StaplildeDfrotMtiiiiM, 



OiriMtftlo Oxide. KUrogett. 




No’^,i )^ce ffieJ5pafi0 occupirf by equal equivalents 
of e^rbcmic,03dde and carbonic acid is the same, it is 
evident that a much larger volume of gas would be 
evolved — calculated for a temperature of 32®, and 
ordinary barometric piressure — from the gunpowder 
wbicb contained the larger amount of charcoal. But 
it must be borne in mind that^the amount of beat dis- 
engaged in^he production of carbonic oxide is far less 
than that generated when carbonic acid is produced, 
and that consequently the powder which contains the 
minimum quantity of charcoal will yield, at the inetani 
^fexpMon^ by far the greatest bulk of gas. That this 
eapansion of ^e gas by heat is of the utmost impor- 
tance, is very evident from what has been already 
stated. The fact tliat the temperature evolved by tlio 
combustion of gunpowder, estimated at 2192®, has been 
found to be sufficiently intense to fuse gold, silver, and 
other metals, and that the expansion of gases Increases 
greatly with an augmentation of temperature — two hun- 
dred volumes of raised to 2428® occupying the same 
bulk as three hundred volumes, which are only licatcd 
to 1406‘6® — ^render the value of a slight elevation of 
temperature at the moment of explosion still more 
apparent. 

As it is difficult, nay impossible, under ordinary 
circumstances, to gain acknowledge of the quality of 
powder by any method involving the necessity of mea- 
suring the gases and caloric evolved, a more direct 
course of experiments is resorted to. This method was 
founded by Pkoust partly upon the duration of the 
combustion, coupled with the volume of gases which 
were eliminated. The methods of operations employed 
were the same as those already described with regard 
to tlve estimation of the time required to deflagrate 
charcoal and nitre, ct cetera. The following were his 
results 


I# 

Ko. i Batptnir. CtuuMil 

1 60 10 15 ...... n 

2 60 10 12 6 ^91 

3 60 10 10 0 01 

4 60 .'^10 8 | 7 m 

It is presumed that these determinations, however^ 
leave much to be required, not only in the accuracy of 
the determinations, but with respect to practical appli- 
cation. 

Tomlinson adopted another method, which, on the 
whole, is more applicable to practice — namely, the de- 
termination of the altitude of rockets, and which he 
describes as being less liable to disturbances from colla- 
teral causes than any practice with pieces of ordnance. 
The rockets were of compound dimensions, and were 
all made with the same proportions and driven with 
the same hand, so as to insure all possible uniformity; 
the only variation being in the n'ature of the charcoal. 
The vertical elevations were taken by two quadrants 
at the same time, and all the flights that deviated from 
the perpendicular were rejected. The mean vertical 
asdent made witli a great number of these, in which the 
charcoal was from the willow, alder, and dogwood, was 
four hundred and eighty yards ; but between these three 
charcoals the difference was so gieat as to give various 
results, which may bo represented by the following 
numbers 


Dogwood fhorcoal,. 
Willow “ 

Alder “ 


515, .550, 525 
470, 4S0, 400 
4fj5, 4G0, 470 


To the methods in use, and recognized by the mili- 
tary and powder manufacturers generally, referehce 
will bo made further on. 

Upon comparing the composition of the powders 
prepared in different countries for fire-arms, they will 
be found to agree mare or less closely with the cen- 






Thus in the manufacture of the Walthani 
Abbey powder, a slight excess of charcoal is always 
em|doyod in order to allow for tlio small quantity of 
inoigauic matter dways associated with carl^n in that 
form; while the proportion of sulphur is reduced as 
much as is compatible with the production of a strong 
powder, in consequence of the injurious action of that 
substance, and even of sulphides in the presence of 
moisture, upon metal . — Abel and Bloxam, 
MANUFACTURE. — The merely mechanical part 
of the manufacture of gunpowder is essentially the 
same in principle, and differs only to an immaterial 
extent in detail, whether in the various gunpowder 
mills in Great Britain, or in those of her continental 
neighbors. The Editor will trace the method of manu- 
facturing gunpowder as it is employed at the Govern- 
ment Mills, Waltham Abbey : — 

In the first place, it may be stated tliat water is tbo 
motive power in most gunpowder mills ; the necessity 
of the presence of fire when steam is made use of is 
attended witli so much danger, that this agent has not 
yet been introduced for the purpose. 

The gunpowder mill is represented in Fig. 248, 
where a is the water-wheel; bb, two vertical bevel 
wheels fixed upon the axis of the great wheel, au<l 
working into c C, wliicli turn the shafts, D d ; e E are 
two horizontal spur-wheels, fixed to the upper part of 
D D, and driving the large wheels, f f. To the shafts 
of these latter are fixed the ninners, G G, which tra- 
verse the bed-stone, il H ; 1 1 are the curbs surroundiug 
the bed-stone to prevent the powder from falling ofl‘; 
K is the i^jcrapor. — Ure. 

The materials, having been pulverized in the mill, 
are apportioned out, the following being the proportions 
at Waitbam Abbey : — 

Pound* Oonoe*. DroclmM. 

Saltpetre, 31 8 . . . 0 

Charcoal, 6 4 13 

Sulphur, 4. ...3.... 3 


This quantity of the ingredients, termed a chargcj is 
placed in tho nuxing apparatus, which consists of a 
wooden cylinder traversed in its centre by an octagonal 
shaft provided with several fan-like arms. Both the 
shaft and cylinder are kept in motion, but in dlifereut 
directions. This latter arrangement so facilitates tiie 
commingling, that the homogeneous powder is ready 
for removal aud further manipulation in from five to 
ten minutes, when it is transferred to bags which are 
pressed, and the mouths of which are firmly secured, 
ilj order to prevent the disunion or separation of the 
ingredients in tlie order of their density, during the 
transport to tho incorporating mill. It is evident that 
if the iharges were too lightly packed, the ingredients 
would be liable to bo separated in a greater or less 
degree, the saltpetre finding its way to the bottom, 
while the sulphur and charcoal would fonaa layers 
above ; the latter, from its light, pulvenilenl state 
escaping, in the form of dust, between the fibres of the 
cloth of which the bag is formed. 

Tho next process is the indorpcfiraUon. Tlie mbttnre 
h ii^ad ont upon the bed of the mfil, distilled Water 
6 iSded to insure the hittmaie cohesion of par- 


tkles— 4he mnount of water required Yttt3diiig much 
according to the temperature other atmosi^ette 
conditions, as also in proportion to the degree of €<Mn- 
minution of the constitnoDts-Hmd the whole is again 
submitted to the action of the mill, to litsure the uni** 
form pressure and braising of the rClkrs; but in this 
ease tho motion is less rapid than during grinding 
of the ingredients. A great degree of caution must be 
exercised to prevent the intervenrion of^y hard or 
silicious matters. The requisite amount of moisture 
must be maintained during the operation, end for this 
purpose water is slowly added at suitalde inter-^ 
vals, till the incorporation is complete, which is gene- 
rally tho case at the expiration of from three to four 
hours. 

The homogeneous compound has now tho propertioo 
of gunpowder; it indurates in a very short period, 
forming hard cakes, which should possess a dark greyirii- 
black hue, and free ftom s[>eck8 of any kind ; it is now 
termed mill-caJce, When this has lost much of its 
moisture, but before it becomes completely dry, it 
is passed between corrugated or channeled cylinders, 
termed tho Wecdcing-dovm milly and is then submitted, 
between copper plates, placed in strong boxes, to hy- 
draulic pressure of about one hundred and twenty tons 
per square foot, after which it is known as press-caJee ; 
it is now greatly altered in appearance, aud apparently 
resembles slate, being in dense blackish cakes, about 
half an inch in thickness. This powerful pressure is 
productive of several advantages : — 

1. The powder has a greatly augmented density, and 
a given quantity of it will evolve, on combustion, a 
far larger volume of gas, than an equal bulk of powder 
which has only received the pressure of the incorporat- 
ing mill. 

2. From the increased hardness of tlie powder, it 
better resists atmospheric action ; and besides this, it 
is not so liable to loss from dustiiiQy caused by friction, 
during its transport. 

The powder has now to be granulated. The ma- 
chine employed fur this purpose at Waltham Abbey 
consists of a pair of metal cylinders, provided with largo 
teetli, upon which, while in revolution, the press-cake 
is allowed to 'fall in fragments ; by this m^ans it 
is reduced to gi'ains of various sizes. As these pass 
from tho cylinders or rollers, they are stifcinitted suc- 
cessively to tho action of three sieves of graduated 
fineness, placed one over tho other, and jolting or 
working continually backward and fbrward. The 
powder retained by the first sieve is subjected to the 
action of a second pair of rollers with finer teeth, 
whence it again passes to, and is sifted by, the upper 
screen. The portions still too coarse to pass j^rough, 
are reduced by a third still finer set of rofiers. Tbo 
powder manufoctured at Waltham Abbey is distin- 
guished as L. G., or large-grainy F. G., or fine-gravUy 
and meaUpmdefTy or dust, Tho first variety is retained 
by the second sieve ; the lowest Sieve reserves the fine 
grain; the dust, or meal-powdor, collects beneath. 
Each kind is collected, as it falls from the screen, in 
boxes running on wheels and rails. 

' Various other contrivances belong to this effeOtl^^e 
machine to obviate the necessity for the attendance Of 
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woxkmei^, imd, cons^quenfly, to prevent their injuiy 
^o\M aoy accident occurs 
• The granulated powder is next freed from dust by 
running it through redsj siinilar to the bolter employed 
in dreeaii^ flour — enca^ in boxesi and covered with 
oonvae or with idik, of about ^ty-six meshes to the 
inoh| according m large or flne^rain powder is intro- 
duced. t 

The finest powder is now i/lasfeei by subjecting it, in 
A slightly moist otate, to rotary motion in barrels or 
drums, similar to the mixing ihacliine already noticed. 
The velocity of rotation must be just suificient to cause 
the grains only to roll over each other slowly, and thus 
become polished by attrition. Blasting-powder is occa- 
sionally glazed with graphite. 

The gunpowder is finally dried, which is now gene- 
rally done by means of steam-heat ; soniotimcs it is 
effected by transmitting a current of air, previously 
heated in another chamber to from 130° to 160°, over 
the powder placed on canvas shelves. 

On the Continent, tlie powder is chiefly granulated 
in drum-sieves, generally made of perforated parch- 
ment skins or of copper, fitting into each other, and 
fixed in a frame to wliicli rotaiy motion is communi- 
cated by proper machinery. On the uppermost of 
these is placed a circulaV piece of heavy wood, as lig- 
numvltse, sometimes loaded with lead, which travers- 
ing tlie surface of the sieve, gradually reduces the frag- 
ments of the powder, until they are sufficiently fine to 
pass through the perforations or meUies. 

Properties. — Good powder, according to Abel and 
Dloxajc, should be perfectly uniform in texture ; light 
spooks or glittormg points indicate an incomplete mix- 
ture. The grains should bo sufficiently hard not to be 
easily crushed between the fingers, and not to soil 
these or a piece of paper by mere contact. Gunpowder 
should burn rapidly, leaving only a z^ery slight residue. 
If infiamod upon white paper, it should blacken it 
but slightly, and should on no account set fire to it. 
Powder is inflamed by any burning substance, by an 
electric spark, by red-hot metal, or by violent concus- 
sion. It does not ignitci, however, by exposure to a 
temperature below redness. If subjected in an atmos- 
phere of hydrogen or carbonic acid to a gradual increase 
of temperature, the sulphur may bo completely sepa- 
rated, subliming upon tlie cool portion of the vessel. 

It bos been proved that powder may bo inflamed,^ 
not only by the concussion of hard bodies, but by that 
of comparatively soft ones, provided it be sufficiently 
powerful. Experiment has shown that powder placed 
upon lead, or even upon wood, may be ignited by the 
shock of a leaden bullet fired, at it 
No doubt the inflammability of a powder is greatly 
influenOod by its physical state. A fine-grain powder 
will burn much more ^apid^y than powder of a larger 
grain. The greater the density, the more gradual is 
its combustion. Angular powder will bum more 
speedily than the round-grained, and the inflammability 
powder is not only retarded by the presence of 
moisture, but also by ffie glazing. 

Powder in which the thooretioal proportions are 
exacts andin the manufacture of which a very inflam- 
mable chmooal has beep used, the ingredients having 


been mixed without the applicatfon of very great pres^ 
sure, will undergo, when ignited, an almost instantane^ 
ous decomposition. Such a composition, in many 
respects, resembles the fulminates ; the strain whioh it 
exerts upon the flre-arm is far too powerful ; hence it & 
not BO generally applicable as a more gradually dirfa- 
tegrating mixture. 

Gunpowder always attracts more or less moisture, 
since charcoal, however dense, absorbs humidity from 
the air ; though, of course, the hygroscopic property of 
powder is considerably increased by the use of porous 
charcoal in its manufacture, or by the presence of any 
considerable quantity of powder-dust. lewder, manu- 
factured with perfectly pure nitrate of potassa,i8 found, 
if preserved in dry stores, to absorb about 0*5 per cent, 
of moisture ; the amount naturally increases consider- 
ably if it is kept in a damp situation. Fine-grain 
powder is generally found to absorb moisture mofo 
rapidly than the largo-grained. 

The amount of ash loft upon the ignition of gun- 
powder varies according to the purity of its ingredients, 
the proportions employed, and, more particularly, the 
nature of the charcoal used. Its gradual accumulation 
in a fire-arm is a source of great inconvenience, since 
it soon renders it foul and difficult to charge, thus 
limiting the number of rounds that can be fired in 
rapid succession, without cleaning out the instrument. 
This fouling f as it is termed, is avoided to some extent 
by the use of a small quantity of some fatty substance, 
which lubricates the barrel, and, by preventing the ad- 
hesion of the ash, promotes its expulsion by the gases 
as they make their escape . — Ahd <md Blmam, 

Bishop affirms that gunpowder explodes exactly at 
the temperature of 600°. When exposed to a heat 
of 500°, its nature hecomes totally changed ; not only 
is the whole of the moisture expelled, but the saltpetre 
and sulphur are reduced to the fluid state. The powder 
on cooling is found to have changed from blackish-grey 
to an intense black ; the grain has become extremely 
indurated, and by exposure oven to veiy” moist air, it 
then suffers no alteration by imbibing moisture. 

The specific gravity of gunpowder, according to Dr. 
Ure, as taken by him with fivo different kinds in oil of 
tuipentino, varied from 1*793 to 1*80. 

Analysis. — The following is the ordinaiy method 
of analyiing gunpowder : — ‘ 

The water is first estimated by submitting a small 
portion, say three or four grammes of the sample to 
be examined, to a temperature of 212°, in ‘a water- 
bath, until it ceases to lose weight. Some chemists 
prefer placing a known quantity over stilphunc acid in 
v€unio, but this method takes much more time, and 
the former is sufficiently accurate for all ordinary pur- 
poses. The loss after drying shows the an^unt of 
moisture in the* sample, irom which the per-centage 
may be readily calculated. 

It may be well for tlie Editor to remark here, that 
the quantity o^ water Should be a mere traoSy if any. 
If it is found to contain several per cent, of water, 
it may be rendered again perfectiy good by careftil 
exsiccaffon. 

The next step is the determination of the nitrate of 
potassa, which is effected ty boiling the powder in 



tlio humidity has been determined, in about six 
mnos its weight of water; the residuum is tlicn care- 
fully collected on a tared filter, washed with tepid 
water until a few dropd of tlie filtrate when evaporated 
upon platinum foil give no residue; the insoluble 
matter upon the filter being then desiccated at 212°, 
and weighed, the loss will indicate the amount of 
nitrate of potassa. The saltpetre may also be deter- 
mined by evaporating to dryness the fihrate obtained 
as above, fusing tlie residuum at a low temperature, 
and then ascertaining its weight. Both those methods 
may be employed, the one thus furnishing a check 
upon the other. 

Should the saltpetre contain cliloride of sodium, as it 
ordinarily does, the amount of it may be determined as 
follows ; — The dry and weighed residuum, procured as 
just described, is rcdiasolved in water, and a little nitric 
acid and a weak solution of nitrate of silver added, 
when, if chlorides are present, a curdy precipitate of 
chloride of silver occurs; this is collected on a filter, 
edulcorated, dried, fused with great care in a porcelain 
crucible, and weighed. One gramme of the chloride of 
silver represents ’407 chloride of sodium, or *247 of 
chlorine. 

The amount of sulphur and carbon, respectively, may 
be ascertained by various methods. 

One of these, devised by Gay-Lussac, consists in 
igniting in a platinum crucible a known quantity — say 
one gramme — of the gunpowder, with the same weight 
of carb6nate of potassa and of nitrate of potassa, and 
four times the quantity of common salt; by this means 
the sulphur is oxidised into sulphuric acid, and may he 
determined as under : — The fused mass, which should 
be perfectly white, is dissolved in water, and acidified by 
means of hydrochloric acid. The solution is next fil- 
tered, and chloride of barium added so long as a deposit 
is occasioned. After some time, when the precipitate 
has subsided, the whole is filtered, and the sulpliatc of 
baiy’ta aspersed with hot water, until sidphuric acid 
causes no turbidness in a portion of the wasliings. TJje 
])recipitate is next dried, and then, as much of it as 
is possible being detached from the filter paper, the 
latter is burned in a platinum cnicible until the wiiole 
of its carbonaceous matter is destroyed; the former 
introduced, heated to redness, and weighed. Each 
116*5 parts of sulphate of baryta represent forty -nine 
parts of monoljydrated sulphuric acid, and consequently 
sixteen of sulphur. 

The per centage of moisture, nitrate of potassa, and 
sulphur being calculated, the difierence indicates the 
amount of carbon. 

IVhitb Gunpowder. — Augendre has described a 
new kind of gunpowder, consisting of one part of ferro- 
cyanide of potassium, one part of white sugar, and two 
parts of chlorate of potassa. These are reduced to 
powder separately, and are then mixed with Uie hand. 
Ill experiments with email quantities, they may be 
pounded together in an agate mortar. Not the least 
fear need be entertained of the effects of the most 
powerful friction. In preparing it on a larger scale, 
the mixture is moistened with two or three per cent 
of water, and triturated in a bronze mortar with a 
^ohden pestle; fifteen minutes' pounding suffices for 


small quantities, as the ingredient, do not require sack 
intimate admixture as in the proparafiion of ordfinary; 
gtmpowder. The powder is granulRed in 
way, and dried in the air. 

Gunpowder thus prepared is white ; fires with the 
greatest ease, boUi in ihe granular stite, and in thUtt df 
an impalpable powder, by contact with an ino^desceni 
body ; the flamo with which it bums is greater than 
that of ordinary powder, and it loaves less residue. Ah 
taken from the mortar^ it is perfectly infiammable, sd 
that there never need be any apprehension of Us miss- 
ing fire. It must be exceedingly dry for a violent blow of 
iron to explode it ; friction between two polished bodies 
never produces this efiect, nor does striking wood upon 
wood, or wood upon raotal. It is .formed of substances, 
tho composition of which is well determined and fiiced, 
and it can, therefore, always be obtained of the Same 
strength. The materials are unalterable by the action 
of dry or humid air, so that they can be kept for any 
length of time, which cannot bo done with tiie charcoal 
used for tlie ordinary article. The manufacture requir- 
ing less time, a fortress might, in case of necessity, be 
provided with the several constituents in powder, and 
the mixture made when required, by which means the 
danger attendant upon large deposits of gunpowder 
would bo avoided. The force is much greater, so that 
there is space for a larger numlier of charges in the 
artillery caissons. Tho dust having the same effect as 
the grain, each coustitneni might separately be reduced 
to a very fine powder, and tho whole commingled in a 
leather barrel. 

But though possessed of all those superiorities over 
common gunpowder, it is not free firom serious disad- 
vantages, one of which is, that it oxidises iron barrels 
very much, and its use is consequently limited to bronze 
ones, and to the filling of hollow projectiles. It is more 
easily inflamed tliau common gunpowder, but not so 
readily as the other compounds of clilorato of potassa 
which have been prepared for the same purposes. 

I Augendre directs attention to the circumstance, 
readily conceivable from the behavior of dilorate of 
potassa towards several other substances, tliat tlie 
greatest care should be taken to avoid introducing into 
the mixture any charcoal or sulphur, or mixing with it 
any ordinary gunpowder. 

Tlie proving of gunpowder, and many other subjeots 
connected with the present article, are not of a suffi- 
ciently chemical nature to be treated of here* 

Statistics. — Gunpowder is always packed in strong 
oak barrels, containing from eight to one hundred 
pounds each, the latter being ^e maximum weight 
allowed by Government to be contained in a single 
package. When for sporting purposes, it , iein cilnis- 
ters and strong papers. ' 

Owing to gunpowder being entirely free from duty, 
tho returns df tlie Board of Trade can gcareely be 
expected to give even an approtimation te the amount 
of imports and exports. Bidced, tho import returns 
during tho years 1866 to 1968 inclusive are entire^ 
blank, while, for 1864, they are registered as one 
hundredivei^ht, and lU 1855, 11,861 hundredweights. 
During the jcaw 1860-55 inelusive, tltere were 
turns of mkpOfts* ' ' ' ' '* ^‘'r: 



GUTTA-PERCHA HiflTORioA'L > 


0ir9rTA-PS«BOHA.— This wluable subatanco, the 
Mtm o( 'whiob is the same in all languagfs^ aiid which 
was attknown in Europe previous to the year 1843, i^the 
inspissated juice of a tree which grows in the Malayan 
foi^ests and tihe islands of the Eastern Archipelago. In 
its origih, character, and composition, it is analogous to 
caoutchouc, but wants the peculiar elasticity of that 
substance; on the other hand, it possesses special and 
iSistinot properticB, which render it applicable to an ex- 
traordmary variety of important uses, and which, within 
the short time that has elajised since its introduction 
into Europe, have given a remarkable development to 
its manufacture. 

It may not be out of place, even in a scientific work, 
to correct an erroneous mode of pronouncing the name 
of Uiis substance, which has become very general. The 
name is a pure Malayan one, and not Latin, as might 
bo snppos^ from a mere coincidence in the spelling — 
ffutta moaning in the Malay language the gum or con- 
crete juice of a plant, and percha the particular tree 
from which the juice is procured. Dr. Montgomerie, 
its discoverer, states that the ch is not pronounced hard 
like a but like the ch in the English name of the fish 
pet'ch; and that if a European were to inquire of a 
Malay for gutta perkaj ho would bo told the thing was 
unknown, when perliaps plenty of the gutta-percha 
might be procurable by pronouncing the name pro- 
perly. He adds, that had he thought there was a pro- 
bability of the name being mispronounced, he might 
have used the uncouth orthography pertaha^ but then 
it would have run the risk of being taken for a llussian 
or Polish appellation. 

Historical Notice. — It appears that this sub- 
stance, though only of recent introduction into com- 
merce, was brought into England in the days of Trades- 
CANT, as a curious product, under the name, of maser 
wo»d^ and subsequently it was frequently brought from 
China and other parts of the East^ under tire designa- 
tion of india-rubber, in the form of clastic sticks, whips, 
and other trifling articles. The products of the East 
Indies, shown by the Honourable East India Company 
at the Great Exhibition, proved that the natives of tlie 
country in which tlie gutta-percha tree grows, knew 
also how to appropriate it to the manufacture of dif- 
ferent kinds of vases, and that European industry and 
the wants of an advanced civilization have only de- 
veloped its application to a greater variety of uses than 
were known or required in the countries to which it 
belongs 

The merit of first appreciating its value and making 
It known in Europe, is claimed by two individuals, 
who seem to have endeavored about the same time, 
and quite independently of each other, to bring it into 
publio notice, namely, Dr. William Montgomerie, a 
Bootchman, for some years assistant-surgeon to the 
Besidency at; Singapore, on the Malay peninsula; 
and Sir Joeb h’Almeila, who had been for many 
years resid^t in the same settlement, l^iis last- 
^amed gentleman came over to England in tlie begin- 
.nlhg of the year 1843, bringing several samples of the 
With him ; and, among other channels of 
communication with the scientific world, had the honor 
of presenting specirt^ to the Iloyal Asiatic Sodety, 


for which he received their letter of aolmoMedgmeiA 
and thanks. On the whole, however, tiie 6f 
ority of discovery seems, by general assent, to be 
assigned to Dr. Montgomerie, who, in point of fact, 
was not only the first European who discovered ihe 
value of the product, but the first who exerted hiroseJf 
actively and successfully to bring it into general 
Before the attention of this gentleman was directed to 
it, it was not only quite unknown to Europeans in 
gencial, but was Imown as an article of value only to 
a few of the inhabitants oven of tliose localities in 
which it is produced, and was applied by the natives 
to very trifling uses ; being chiefly employed to make 
handles for parangs or wood-choppers, as a substitute 
for wood or buffalo-horn. 

The valuable qualities of tire substance were no 
sooner publicly announced than it came into general 
demand. The immediate effect of its discovery may 
he compared to that of the gold-fields in California and 
Australia ; and perhaps no substance except the pre- 
cious metals has been more eagerly sought after or 
more highly appreciated. Its singular adaj»tation for 
an infinite variety of purposes was quickly recognized, 
and an extensive trade in it sprang up almost im- 
mediately. In the year 1844, previous to which 
its very name was unknown to European commerce, 
two himdredweight of it were shipped experimentally 
from Singapore. In 1845 the exportation of it from 
that port rose to one hundred and sixty-nine piculs 
j — a picul being equivalent to 133’3 pounds ; ^||n 1846, 
to five thousand three hundred and sixty-four piculs ; 
in 1847, to nine thousand two hundred and ninety-six ; 
in 1848, to twelve thousand, In the first four and a 
half years of the trade, twenty- one thousand five 
hundred and ninety eight piculs of gutta-percha, valued 
at two hundred and seventy-four thousand one himdrcd 
and ninety dollars, were shipped at Singapore; the 
whole of which was sent to England, with the excep- 
tion of fifteen piculs to Mauritius, four liundred and 
seventy to the Continent of Europe, and nine hundred 
and tw^enty-two to the United States. 

The knowledge of the article, stimng the avidity of 
gatherers, gradually spread from Singapore, Nortliward, 
as far as Penang; Southward, along the East coast of 
Sumatra to Java ; Eastward, to Borneo, -where it -ivas 
found not only at Sarawak, but also at Brun6 and 
Pontianak on lire West coast, and at Heti and Passir 
on the East. 

This eager demand for the precious gum, animated 
by the thirst for immediate gain, was productive of a 
reckless destruction of the valuable trees that produced 
it. Instead of simply tapping the trees to obtain the 
juice, as is practised in tlie case of caoutchouc, the 
monarchs of the forest were foiled to the ground ; a 
magnificent tree of fifty or one hundred years’ growth 
was cut down, the bark stripped off, and the milky 
juice collected and poured into a trough formed by tiic 
hollow stem of the plantain leaf ; and som% idea xRay 
be formed of the liavoc tiius made to procure the kl^e 
supplies which were imported into Singa^iOTe^ wheR it 
is stated, that on an average not more tlim twenty or 
thirty pounds were procured froiR one tree. The 
result was, that in the couiee ^ three cold a half years> 
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bnndred and seventy thousand trees were felledf 
. in order to get at the gum. It was, therefore, appre- 
hended that Uio tree, although et first sufficiently plen- 
tiful, would soon become difficult to be piooured ; and 
this would undoubtedly have been the case, had not 
the Gntta Fercha Company, subsequently formed in 
England, acted wHh a wise precaution, and embarked 
a considerable capital m seeking to promote the tap- 
ping, instead of the felling of the trees. 

The Gutta-Peecha Tree.— For some years after 
Ihe introduction of gutta-percha, the character of the 
tree wliich produces it remained a mystery. At length 
from specimens which were sent homo by Dr. Oxley, 
in 1847,. Sir W. J. Hooker was enabled to refer the 
plant to Dr. Wright's new genus of aapoUmm^ called 
by him isonandra; and accordingly he proposed to 
designate the gutta-percha plant isonandra gutto/^^iha 
name by which it is now known. The tree is from 
forty to seventy feet high, and from two to four or even six 
feet in diameter. It is found aU up the Malayan penin- 
sula, as far as Penang, and its favorite localities are 
the alhivial tracts on the foot of lulls, where it forms 
the principal portion of the jangle. In its general 
aspect, says Dr. Oxley, it resembles the Durian — 
Dwio Zibethmua^ Linnseus — so mudi so as to strike 
the most superficial observer. The trunk is straight ; 
the leaves alternate ; their ujiper surface of a pale green, 
and their under covered with a close, short, reddish- 
brown hair. The flowers are axillary, from one to 
thrac the axils, supported on short curved pedicels, 
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and ntuncFOiis along the extremities of the brandies. 
The woodrSs described by Hooker as peculiarly soft^ 
fibrous, and ^ngy, pale-cobred, and traversed by 
Icngitudinal receptacles of reservoim filled with flie 
gum, fming ebony-black Mnea. Fig. 249 is a portion 
of a braitch of the guita-peroha tiree» exhi^titig dso Ike 
Imm, MowenB, and fruit 


There is no doubt that these are the tffiiwacMi^es 
of the tree liom which the substance knowft Us gutta- 
percha is obtained; but SEEIfAN states that the gtitn 
termed by the Malays gutta-peroha, is not the produce 
of the isonandra ^ta^ but that of a botanicafiy-un- 
known tree, a species^ of fiem^ and that the mb^ance 
which has been improperly termed gutta-percha by Dr. 
Montgomerie, ai^ must now continue to be so cdled, 
is really the gutta^tahan. It must ever be an (ffiject df 
regret, he remarks, that on the first introduction of the 
taban gum^ its real name was not promulgated. The 
name, however, is now fixed beyond reosU; and, to 
prevent misunderstanding, the reader hss pdy to bear 
in mind tliat the substance known in Europe ta 
percJiay though stated by Seeman to bo the gudchtdbm 
of the Malays, is really the produce of mnumdra IguUa 
above-described. 

Extraction and Inspissation op the Gum. — 
The sap or gutta circulates between the baih and body, 
in vessels, of which the course ia well marked by tdack 
longitudinal lines upon the wood. To obt^n ttm juice, 
it was formerly the practice, as already stated, to cut 
down the full-grown tree close to the root ; rings were 
then made in the bark at distances of about ti^ve to 
eighteen inches apart, and a cocoa-nut shell, apathe Of 
a palm, or such like receptacle, was placed under the 
fallen trunk, to receive the milky sap that immediately 
exuded upon every fresh incisiom The quantity of 
gutta obtained from each tree so destroyed varied 
five to twenty catties; so that taking the average of ten 
catties, it would require the destruction of ten trees to 
produce one picul, or one hundred and thittj-flvu pounds 
of gutta. 

Fortunately, experience has now taught the natives 
that the milky juice may be collected by cutting noteffies 
here and there in the Inmk of the living tree, and that 
in tlus way it may he preserved for future tappings. 
This more economical method is rapidly gaining ground; 
and, considering the vast extent of teiritory occupied by 
the tree in its several vaiieties, and that European in- 
dustry is now so deeply interested in its culture and 
I preservation, there is little danger of the supply becom- 
ing exhausted. 

The sap coagulates in a few minirtes after it is col- 
lected ; but before the crude gum becomes quite hard, 
it is kueaded by hand into compact oblong masses, 
from seven to twelve inches in length, by tour of five 
in thickness. This part of the work ie mostly pCifosmed 
by women, as reproHented in the annexed engravings 
Fig. 250-~wbich exhibits not cmly the ofdlnoiy appear- 
ance of the native Malays, but the character Cf the 
internal forest scenery of the tropical regione 
they inhabit. 

Dr. Oxley’s account diflfers somewhal from the 
ceding. He states that the sap, instead of coagnlalixg 
and being made np ixrto blocks on the spot, iS pdldOted 
in bamboos, taken by the natives to houses, and 
boiled, m order to drive off the watery parilelea and 
inspissate it to the consistence it finally aumnnes. 
adds, however, timt althcMigh process of boiling 
appears necessary when the gutta i^oUecifid in lasge^ 
quantities; yet, if a tree be freiffify wounded, a 
quantity ailowied to exude, and it be 0(ffiedfced and 
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' mouldsil ia the^ hmi, it vilt coosolidate perfedily in a 
Isw mlnate^ and baTS aH the appearaiuBe of the pre- 
pared artiol^ Tba apparent diempancy between the 


Fig. 260. 



two fitatomeiits may perhaps be explained by the fact, 
that Dr. Oxley’s account was written when the trees 
were uniformly felled to procure the juice, and when 
the latter was, therefore, collected in considerable quan- 
tities at a time, Which rendered boiling necessary; 
whereas, when slowly collected in smaller portions 
from a number of living trees, the watery ingredient 
will evaporate as the juice exudes, and, with the assist- I 
anoe of kneading or moulding by the band, that con- 
solidation will take place to which Dr. Oxley alludes 
as occuiriug iu the case of small quantities. 

PaoPERTiEf. — Gutta-pereba, when quite pure, is of 
a greyislii-whiie, but-, as brought to market, it is more 
ordinarily found of a reddish-brown hue, arising from 
chip of bark that fall into tlio sap in the act of making 
the incisions, and whicii tinge it. It may be readily 
obtained in a pure state by dissolving tiie crude gutta 
jn auilpliide of carbon, filtering the turbid and brown 
fidlution under a bell-glass, and evaporating the filtrate 
by 4mple oxposuro to the air in a flat porcelain dish. 
A&sx desiccation, the tliin plate or cake of purified gutta 
b easily detached from the vessel by coveiing it for a 
few minutes with cold water, which destroys Ihe adhe* 
dqn* nearly the whole of the extraneous tinctorial 
m^r remains on the filter, with a portion of the un* 
dbiolved snbstanoe. 

^UB bbruated, the gutta b almost white, is semi- 
m thialeaTee, but opaque in tiiickw plates ; 
td thelonchi and has a peculiar kblieiy 


specific gravity, os detemined by A. 
was 0*fid9 at 68*^, when subjected to Ihe aotfeti of an 
air-pump to remove the adhenng water-bid)biet| 
out this precaution, it was only 0*728. A c^keeiman 
of gutta-percha mechanically porifiod, and shaped in 
cakes, was found to have a spcific gravity of 0*908^. 
The average density of the commercial article is 0‘976f. 
The great variations in its den^ty under different treat- 
ment imply a peculiar porosity in its structure, which 
was experimentally verified by Paten. Having placed 
a drop of its solution in bisulphide of carbon on a 
slip of glass, and allowed it to evaporate in the manner 
above-described, so as to obtain a thin film of the sub- 
stance in a state of purity, he observed with the micro- 
scope numerous small holes or cavities, which were 
rendered still more visible by a drop of water; the 
liquid gradually insinuating itself, and rendering the 
film more opaque, while the cavities were observed, by 
means of the lens, to be enlarged. Similar results were 
obtained by keeping immersed in water for a consider- 
able time, thin transparent laminae, obtained by tlm 
evaporation by heat of a solution of gutta-percha. 

It was these observations which led this eminent che- 
mist to conclude that the common commercial gutta- 
percha, retaining, in consequence of its porosity, a great 
many minute particles of air, owed to this circumstance 
its appearance of possessing a less density than that 
of water. In fact, on stretching gutta-percha under 
strong pressure, and immediately cutting t^e strips 
thus produced into very small pieces under water, the 
greater part of the fragments fell to the bottom of the 
vessel — some immediately, others absorbing a certain 
quantity of moisture. The same result was also obtained 
by keeping very thin leaves of gutta-percha, prepared 
by different methods, immersed in water deprived of 
air ; their pores being gradually filled with the liquid, 
they became heavier than it, and then ceased to float. 
Gutta-percha is also heavier in propoilion to tlic length 
of time it has been exposed to the air, particularly in 
thin leaves. 

The porosity of gutta-percha, which allows a slow 
transudation of liquids through its mass, is the principal 
drawback to its use when formed into bottles or other 
vessels for holding chemical fluids. This porous struc- 
ture becomes changed into a fibrous texture wlien it is 
drawn out so as to double its length ; then, retaining 
little extensibility, it supports, wiUiout breaking, the 
action of a force equal to double that required for its 
elongation in the first instance. 

Gutta-percha is a bad condnetor of both electricity 
and heat. When rubbed it becomes negatively electric, 
and if dry, is an insulator equal in efficiency to shell-lac. 
Hence, among many otherimportant appli^onsi which 
will be noticed afterwards, its extensive employment in 
the covering of wires for the submarine telegraph. 

But the groat peculiarity of this substance, and that * 
which makes it so eminently useful for manypurposeS) 
is the effect of heat upon it, applied either dkectly, or ' 
through the medium of boiling water. At eardInary 
temperatures it is a tough melastio substanoe^ and c/aM 
water has effect upon it ; fmu 32’^ p IT it possesses 
about as much tenadly os tiiwh ieathei^ vrith luihsr 
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;I^ ; towards 120^ it BofteDs, and becomes 

donghy, although still very tough ; and when 
above 150^ either by exposing it to the fire or by 
immersing it in hot water, it becomes soft and plastic, 
so as to be capable of being moulded to any required 
sliape or form, which it retains upon cooling. Its 
ductility is such tlmt, at a tempcratui-e of from 150** to 
240**, it is readily extended into thin slieets, or drawn 
into threads or lubes ; its flexibility and ductility dim- 
intsh as the tcmi>eratUro becomes lower. It does not 
possess, at any temperature, the peculiar elastic exten- 
sibility which characterizes caoutchouc. When cold, 
it again becomes hard, and possessed of extraordinary 
tenacity. 

It melts at 248°, and may be made to boil without 
acquiring a sensible color ; the transparent fluid gives 
abundant vapors, which are condensable into a nearly 
colorless oily liquid. The portions last distilled have a 
I brownish-orange hue, and a thin layer of carbonaceous 
deposit remains adherent to the sides of the vessel. 
Heated beyond this point, it is decomposed, yielding 
inflammable products; a strip of it cut ofiT burns with a 
bright flame, emitting sparks, and di*opping a black 
residuum in tlie manner of sealing-wax, which in its 
combustion it very much resembles. 

Common gutta-percha is perfectly insoluble in water 
at any temperature; it eflectually resists damp, and 
I hence its valuable applications as a waterproofing 
I material, and as a substitute for leather in soling boots 
and shoes. It likewise withstands the various influ- 
ences which excite fermentation, but experiences a 
sort of doughy fusion when exposed to the direct ac- 
tion of the solar rays in summer. Soda and potassa, 
even when caustic and concentrated, ammonia, saline 
solutions of all kinds, water containing carbonic acid, 
tlio various vegetal and mineral acids, do not act upon 
it. It is not aflected by fermented liquors, such as 
wines, beer, et cetera; even alcohol scarcely dissolves 
a trace of it. Olive-oil has no action upon it when cold, 
but when hot, it dissolves a small portion of it, which 
is again precipitated on cooling. j 

Concentrated nitric acid attacks gutta-percha rapidly 
with efiervescence, and an abundant evolution of fumes 
of nitrous acid ; the gutta is disintegrated, and colored 
of a brownish-orange red; it becomes doughy, and 
afterwards solidifies by degrees, but remains ^able. 
Concentrated sulphuric acid produces the same effect 
more gradually, rendering it brown, and causing its dis- 
integration, with a sensible evolution of sulphurous acid. 
MiLidF.R affirms that hydrochloric and dilute hydro- 
fluoric acids have no action upon it ; hence it is em- 
ployed in the preparation of bottles and vessels used 
for containing these liquids; but Pa yen states that 
hydrochloric acid, in its saturated solution in water at 
a temperature of 68®, attacks gutta-percha slowly, and 
gives it a more or less deep-brown color, at lengdi 
* rendering it brittle. 

The same chemist remarks that, in the cold, and even 
by heat, not more than 0*16 to 0-22 of the gutta-percha 
is disiioivod by anhydrous alcohol or ether ; but ArI^e 
states that tbirh^en per cent, of gutta-percha is dissolved 
by alcohol, and that, separated from mechanical adfnix- 
tmreOi It is ddvhte in which %» free from akohalf 


whereas, i/it hete been prewimly 

it does not diesolve in ether. This 

seems to have been overlooked by M. PaT^N 

chemists, has an important hearing on the ^ 

gutta-percha. 

Benzol and oil of turpentine dissolve giitta-;^eroha 
partially when cold, but almost completely by heat. One 
part of the gutta requires for its solution from four to 
six parts of oil of turpentine. Bisulphide of carbon and 
chloroform dissolve it cold, and by dther 0t these 
solvents it may be obtained pure in thetnannor already 
described. 

Elementary Composition.— Gutta-percha is, like 
caoutchouc, a carbide of hydrogen, and nearly isomeric 
with tliat substance, as the following onedyses will 
show : — 

Outta pordba. Camtnlioiii!. 


Carbon, 8t>‘36 .... 

Hydrogen, 12’16 .... 12«8 

Oxygen, 1*49 .... — 


100*00 100^0 

It is a question indeed whether the elementary com- 
position of die two substances is not precisely the same, 
the small quantity of oxygen detected by Dr. Mao- 
lagan in gutta-percha being probably derived from 
the air during the process of purification. Its acknow- 
ledged porosity, and the difference in its specific gravity 
under different conditions, are facts which afford a 
strong prefttunption in favor of this view; 

But like other isomeric substances, gutta-percha 
and caoutchouc, though stiikingly similar in many of 
their properties, and more especially in their resistance 
to the action of most chemical agents, differ cm^ider- 
ably in other respects, and this must be attributed to 
the different grouping of their elementary constituents, 
if not to the actual presence of oxygen as one of the 
essential ingredients of gutta-percha. 

Professor Page states that gutta-percha, when rolled 
into thin sheets or drawn into ro^, comports itself 
like a fibrous substance, which is not the case with 
caoutchouc. A strip cut from a thin sheet of gutta- 
percha may be stretched considerably in one direction, 
that is, in a line with tlie fibre, but any attempt to 
stretch it across this is followed at once by a rup- 
ture. It Is not BO witli a sheet of caoutchono, whi^ 
will stretch equally well in all directiona. On exami- 
nation of sheets of these two substances — so far believed 
to bo uomerical — a marked difference of textare is at 
once perceived. The caoutchouc gives UtUe or no 
change of color, while the gutta-petcha exhibits a 
beautiful spectacle. It ap{>ears to be built tip of prisms 
of eveiy variety of hue, and, as it were, fiased into 
each other. Professor Page states thatlt xeaembles 
more nearly some specimens of ice which ha had ex- 
amined, than anything else. The eaoutdxquo and 
gutta-percha must be kept under tenrion 

during the examinatidn. ^ - 

Proximate PBiNCiPtKS.— P ayer states that puri- 
fied gutta-percha is formed of three pt!Oximate princi- 
ples, very different from each other as regards thefar 
properties, but isomerical m regards thrir elementary 
composition, and also Isomerical with purified 
chouc, being aH of them carbides of hydtoige% aiid 
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FAraiMr ooiiiptentood his «xperlme&ts by submitting 
tbo gvtttar^OitiiM^ to the iiotion of alcohol. Beduoed 
to thin leaves, it was treated, in a close yoasel, with 
fUteeii to twenty volumes of cold^aohydrou8 alcohol; 
the heat was raised slowly, by means of the waier-^ 
Imth, to Iha iMet of ebullition, 172^ and kept at this 
temperature during several hours; the li^id was 
then fihnted whilst boiling, and left in a closed flask, 
when it was fotxnd, at the end of from twelve to 
tbirty'^sbc hotws, to begin to deposit on the sides of 
the vessel, and on the surface of the solution, white 
opaline granules, distant from one another, but some 
of them in groups; their size gradually increasing 
for some days. These granules, oarefiilly examined 
under the mioroscope, were found to have the form 
of spherules truncated by the sides of the vessel. 
Their surface was either smooth or bristiing with 
very small, transparent, elongated, lamollated cxys- 
tale. Some superficial fissures appeared to indicate 
that these spherolos were formed of a sort of trans- 
parent yellow nucleus, covered with a white pollicle ; 
and Payun ascertained on examination tiiat such was 
really their singular crystahioe structure, of which 
perhaps no other example is known. He found also 
that cold anhydrous alcohol dissolved the whole of 
the yellow internal spheroidal substance, while the 
superficial pellicles, in the interior of which the alcohol 
had then substitut^ltself for the solid yellow globules, 
apj^eared consequently whiter and more transparent. 

alcoholic sohitiofi, which had been for some days 
deporiting this complex spheroidal crystallization, was 
agam capable of taking by heat a further portion of the 
two proximate principlos remaining in the substance, 
<tilowing a fresh quantity to crystallize on cooling, and 
thus to be developed respectively in the white pollicle 
and ydlow nudto* l^e extraction was completed 
by rettuuing the bofling alcohol several times upon 
the guttafpetoha till nothing more was dissolved. 

The sew m^tanoe, wMoh entirely resisted the 
action of tho abolhol, possessed, with some modifications, 
the prindiia) psopa^ of crude gutta-percha; and 
this is what Payvk termed p^re guUa^ mr simply 
pnttet Of two other oiganio principles developed 
by the method which he adopted, the wHu ctystallint 
rsrin wh^ severed the splnwules was what he oalled 
Mtme ; and IJm vmth, which was much more 
idubto hi Kjm sipoM ^ ^ther, was the sub- 
stance wUob he teimed ,/fMac^ The commercial 
tranetioa whh^ he examined gave him the propor- 
tions abeVo ulaied; thdr spe^ Ic>opei>tios wm as 

1. Jp^^^ItwiUbesmtteti^ 
daoi 4 Ihe thmo prlnciplea dtstingubbed hf PAxm 
k4he a<H»oSed pm Of Ibaipcition instbA^ 
yoju tu 


aloohd, and whkb is described hf ^ Mm algbdri 
as being insoluble in etheif. M. FAmt fodlwdfiV 
failed to eflbot its sedution, from the cimalMatco ttud 
he employed the same gutta which hod prevIburiljflNNiiA 
treated with alcohol; in that case, aooodlih| 

Auvpb, it is not dissolved by ethen 

Payi&n describes Ids pure gutta as preseuting flbo 
principal propertief of tlie oommeroial substance. . It 
is wl^, trsmsparent at a temperature o( 212**, when 
all its parts are melted together ; opaque or semi-txaus-^ 
parent when cold, from its then acquiring a stniCtojEO 
which causes the interpoBition of air, or of a liquid 
possessing a difSesent refraction from its own. He states 
that this structure appears still more distiuot than in 
the natural substance coutainiug all thcBe«i>princ]ples. 
In thin sheets, and at a temperature of 50"^ to 86**, it is 
supple, tough, extensible, but not very elastic. At 
112^ it softens and turns back upon itself, and becomes 
more and more adhedve and translucent in proportion 
to the elevation of temperature, undergoing a sort of 
doughy fusion, which b^omes more distinct towards 
21Sr to 230**. Heated beyond this point, it melts, boils, 
and distils, furnishing a pyrogouous oil, and eliminates 
OM-bides of hydrogen. Its behavior with acids, alcohol, 
and oils, chloroform and bisulphide of carbon, is the 
same as the commercial article. 

After the extraction, by means of ether, of the two 
resins contained in the thin leaves of white or purified 
gutta-percha, leaving the last portion of ether with 
which they were impregnated to evaporate in the open 
air, these leaves, inclosed in a fiask, experienced, alter 
remaining there for two months at a tompcTatUire of 
from 68** to 82**, an alteration which appeared to depend 
on tibehr porosity, the action of the air, and perhaps the 
other retained in their pores. However it be, these 
leaves had then acquired new proporties ; they were 
brittle ; exhaled a very distinct sharp odor ; brought 
into contact with an excess of anhydrous ether, they 
were partially dissolved ; the soluble portion obtained 
by tbe evaporation of the ether, and exsiccation at 
184**, was glutinous and translucent ; it became opaque 
and Wd by cooling down to 14**. 

The same chemist states as a fact which he had 
personally ascertained, that thin leaves, exposed for 
eight consecutive days to the action of the sun in moist 
air, were discolored, and that tbefr substance had be- 
come in great part soluble in ether. 

2. AJhem . — The albono, or crystalline wlute resin, 
presents itself as a light pulverulent mass, apparently 
opaque, which, und^ the microscope, exliibitB tlila 
tran£q>arent lamellar crystals. From 32** to 212^ it does 
not experience any sensible chaise \ its frutiem uomr 
mences at 820** ; at 347** to 366** it acqnizeaan ofeiib^ 
fiuidity and complete transparency, wilhent any notice- 
able color ; it soUdifies on cooling, dmnks, which oimsus 
it to«spBt, odd renmuns transparent and sf little heavier 
than water. 

Tbe ciystaUiim resin b not attacked os readlfiyitt^ 
tenod by either cold or boilmg water; or by btut 
cold caustio alkalma ablntions, ammoam, and ^ 'VViir 
oua <Mluta wrida. Itonohydratcd suJpbtMde and sdtrio 
aetds attach it rapidly, produemg Mf^ar {dienommia 
to those ctwarvad hi their Mhm' xipon ^vam gutta* 
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Bydroc^otio aoi4^ on tbe contrary, does not act upon 
tbo liii'lalte tesiti. 

3. FlucmU or yelUm roain . — ^This amorphous trans- 
parent rosin, of a lemon or orange color, according to 
its tliickriesB, is a little heavier than water, solid, and 
even hard and brittle at 32"* ; it gradnohy becomes more 
dexiblo in proporticm as the temperature is raised ; at 
122^ it becomes pasty ; it does nut become completely 
fluid below 212® to 230®* Heated beyond this point 
it boils, but then giadually undergoes consicR&able 
alteration, becomes brown, and evolves acid fumes and 
carbides of hydrogen. It sttiipgly retains the alcohol 
in which it has been dissolved ; but is separated from 
it by heating in vacuo to 212®, until bubbling entirely 
ceases. 

This rosin is soluble in the cold in alcohol, other, 
benaol, turpentine, bisulphide of carbon, and cbloro 
form: all these liquids, when evaporated, leave as 
residue the amorphous resin. Dilute acids, concen- 
trated alkaline solutions, and ammonia, do not attack 
tlie yellow resin. Monohydratod sulphuric and nitric 
acids act upon it rapidly, producing phenomena ana- 
logous to those exhibited with the otlier two principles. 
Hydrochloric acid, even in its saturated solution at 
G8®, is without action upon it. But the most remark- 
able character of this resin is the power of forming, 
under the circumstances olicady indicated, those glo- 
bose crystals covered with a white pellicle of another 
resin, and presenting in their complex form Uio appear- 
ance of opaline spherules. 

Manufactuuing PBOCESSES.—It has been stated 
that the gutta-percha, after its extraction from the tree 
in the form of a milky juice, is firsl* allowed to coagulate, 
and then made up into lumps or blocks of some pounds* 
weight. These, as they arrive in Europe, arc far from 
being pure, for besides containing chips of bark, loaves, 
and other adventitious subbtanceswliich faU accidenUlly 
among the juice, the natives make no scniple of in- 
troducing BtoTMS, eailh, and othei rubbish, to incroaso 
the weight of the blocks. The first and most essential 
piocess in the manufacture of gutta pereba is, thorefoie, 
its purifleatioD ; and in fact, over since its introduction 
into Europe, gutta-percha has found everything provided 
for the purpose of cleausiug it, being worked by pro- 
cesses and instruments veiy similar to those which had 
been previoufdy employed in the puriiication of india- 
rubber. It is also vulcanized, and cut or moulded into 
different shapes, in much the same manner. The general 
nature of the operations may be briefly described as 
folloiys : — The blocks of gutta-percha being first cut into 
f lioes by revolving knives, are softened by means of 
hot Vrater, and then divided and tom into shreds by the 
same machine that is used for india-rubber, which 
serves also to knead the gutta-percha in such a manner 
&at the crushed stones and earth may bo separated 
from it on being diluted in the water ; it to then dried, 
and snbnutted, by means of a powerful machine, to a 
mastication similar to that which caoutchouc is made to 
undergo ; and when, afrer some hours of kneading, the 
maas has become homogeneous and sufficiently softened, 
it is axteu^ by drawing-mffl into cylindrical cords, 
moulded into tubes of various diameters, or spread out 

means of the dattemiig machine into sheets of dif- 


ferent thicknesses, which are finally divided hidf, 
or sliyorB, and from these atre cut out 4 
tool the pieces which are required fO he 
different uses. ^ ^ , 

These various operations, together with tha v^dciltal* 
zation of gutta-percha, will now be described 
si veiy and iu detail — premising that In tbit 
manufacture is oonfiued to two Or three compaoiail!, 
which work the various patents secu||^ from tfrne to 
time by Mr. Hancock and others. A sim|)ile de* 
scription of the manufacture, as conducted bf the 
Loudon Gutta-Percha Company, will, iheiefOr^ em- 
brace all that is- really important In the 
operations. 

PuRincATTON.— 2’As Cutting 4 

visitor enters tlie woiks of the Gutta-Perdha OeffQ|>aiiyi 
he observes in the yard or court the imported blinks of 
the raw material piled iii great heaps. Them nlochs, 
when tliey ore requhod for use, are first triNtfrmu the 
heaps to the cutting or slioing machine, 
solid vertical disc of 
iron, armed on one Figf.a5L 

side with sharp knife- ^ 

edges, and revolving Hh 

at the rate of two B 

hundred turns per , " v 

minute against the |||||||||| 
oxtiemity of a slop- pniill 1 
ing iron table. The J * | *''' I ^ 

block of giitta-pei cha 
being bi ought to the THIImI 

edge of the tabic, is |HH “| | jjL 

rajiidly caught by the | ! HI 

knives, and literally | |H 

reduced to shavings, | ^ |H 

which fall into a Wr 

receptacle beneath. 

Fig. 261 is a side elevation of tliis machine, and 
Fig. 262 a front elevation of the disc, witli ])art of 
the frame. The revoh mg disc, n, is a circu]iar iron 
plate, of al) 0 ut five iect diamoti^, into three idots In 



which are inserted ihiVee taffiul 6*, in A 

similar manner to the iron of ^ ardmafjT pbme or 
^e-ahave. Stmpcri»d V *1^ AF fc riWfc 
o,tooue)wrirf^bth^ |)Jat^ is attached, io 
olh^ tlheratmp-pulliS)!i m\ bjr mm of uduoh 







to «U «b»ft froYO « Ktiam-engmet or 
ik^ Othor ooiY'4l»s^t mover, c is an inclined 
dowOiK^Uoh^o hmil^iipf or^ido giitta ate dropped 
n^$t the kjjivee of ti^o rSvolvin^ disc, and are cut 
IbSo fiSW of 0 ^kneea corteisponding to the degree of 
gjm to the knives. 

Iniivos are represented in Fig. 252 as being 
bntlft'* BaMOOCS!, the patentee, states in bis 

^ ^ Pig. 268. 



speolSoation, that where the gutta-percha to be cut 
hsfvpens to be of a more than usually hard or intractable 
chatOcter, he finds it advantageous to substituto knives 
of ^ curved or reaping-hook form, on account of their 
more gradual mode of action, llie machine, which is 

Fig 264. 



ik hjiijon at the feutta^Fercha Company's works 
two fifty horse-power engines, is 
in Fig. 253$ ahd it may 
the mtm etvd other 


aduUerative materials which tiia caf^iy of 
Malay gatherers has added po the mijss^ 
covered by this process, v^ much to the hdw of 
the cutters. 

First Boiling and 7<MM»iip.*-Having been reduce^ fo 
shavings, thegutta-percbamustnextboperfecilycIeBiiM ^ 
olf the dirt, leaves, and otiier extraneous matter. Vhis 
is efiecied by throwing the sliavings into a large tank 
containing water, as shown in Fig. 254, to which the 
waste steam of the engine is conveyed, for the purpose 
of boiling. This process softens the whole into a fluid 
mass, and separates tlft more considerable impurities, 
which, by the agitation of the boiling, sink to the bottom. 
The greater part of the rubbish having thus subsided, 
the partially-purified gum is collected into one mass, 
and carried to what is called the teaser^SL sort of large 
circular box, containing a cylinder or drum covered with 
rows of bent jagged teeth. Two of these machines are 
represented in tlie same figure. Eevolving at the rate 
of about eight himdred turns iu a minute, the teaser 
quickly tears the mass into shreds, which fall into a vat 
&f water beneath. Here the gutta-percha, being in its 
naturally parous state lighter than water, floats upon 
the surface, while the impurities disengaged from it by 
the action of tlie teaser fall to the bottom. The gutta- 
percha is now cleansed from all impurities ; it has a 
crisp and fresh-looking appearance, and is ready for tibe 
next operation, which consists in working and kneading 
it into a homogeneous mass. 

Smmd Boiling and Kneading . — Tlio operation of 
teasing is followed by a second boiling, whicli has the 
efFect of blending the fragments of the now purified 
substance into a warm soft mass, and in this state it is 
introduced into the hneaders or masticators, which are 
thick, strong, circular iron boxes, about three feet long 
and a foot and a half deep, containing revolving cylin- 
ders armed with cogs or pins on their surface. The 
cylinders and their containing boxes arc of cast-iron, 
and are heated by steam. The gutla-percha, when 
introduced, is thus kept in a soft state, and being 
carried round by the action of the revolving cyhnders, 
it is forcibly squeezed against tlio sides of tho box; 
while, by the action of the cogs or pins, eveiy air- 1 
bubble is expelled, and the whole is brought to a 
perfectly homogeneous mass of uniform consistency, 
witliout a particle of water in its composition. 

In April, 1853, a patent was taken by Mr. NtCKELS 
for using two rollers with screws on their surfacos, in 
place of teeth or projections, for masticating or knead- 
ing. Hie rollers work parallel, and nearly up to each 
other; and in each of the threads of the screw-rollers 
tlicre are notches, which the patentee prefers to be 
made in a diagonal direction. This form of machine 
is considered the most efiective/and is now most com- 
moifly used. 

Bolling ioto SifLETs.— In the state in which tlie 
gutta-percha comes firom the kneading or masrieadng 
machine, ft is ready for being manufactured into Cer- 
ent shapes, and, xdth this ^ew, it is now' rolled hkto 
sheets, or pressed ont into tubes. The first opetatfon 
is required to prepare it for its snhse(|uei{t convmion 
to most of the useful and ornamental purposes to lihli^ 
It is apifliod i and, with ttiie view, l!he fa^aded mass Is 





<MiMi to ibe roUmg miichim TQ|nreseiitod in 25& 
^!!|Mi aialpmktas ie similar to that employed in papers 
ibe gutta-percha^ like the soft paper, paadng on 
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an endloBs hand between etcel cylindore placed at the 
requisite distances apart, according to the thickness of 
the sheet required. Bj means of screws tlie cylinders 
can readily he adjusted to produce witli equal ease the 
stoutest driving band, or the thinnest guita-perchu 
tUsxie^ BO Buccessfully employed as a substitute for oiled 
silk, hydropatbic bandages, H cetera. After pabsiug 
between the rollers in a soft and impressible state, the 
sheet performs a long journey on the endless band, in 
tlio couise of which it gradnaUy cools and hardens, and 
finally appears at thq other end a smooth, firm, fiat 
sheet, which admits of being received and wound on a 
drum till the requisite length has been worked off. If, 
however, the sheet bo too thick to cool sidficientJy by 
merely travelling the prescribed distance, it is ven- 
tilated, as it passes along, by a series of fans like those 
of a winnowing machiue. 

Duawing l£[BAN0fl AND CoRo. — ^When the material 
is required to be in bands or strips, it is generally cut 
into that form, while being rolled into sheets, by a series 
of luuves so placed as to divide the sheet while yet 
plastic into any number of bands of the required width, 
just before ^tUng the rolling machine. The knives 
are set upri^t in a frame, edge foremost, at the requi- 
site j^tances from each other, and, without internipt- 
*ng the progress of the sheet, Biey slice it into bands, 
whift, as before, are made to travel till they cool, and 
are then wound upon a drum. 

In 1847, an iugonious maohine was patented by Mr. 
CflARLBB Hancock for cutting gutta-percha into nar*> 
row ribands, and manufacturing it into thread or cord 
of ai:^ Inquired shape. A front elevation of as much 
of this maclime as is necessary to understand its con- 
struction, !» given in Fig. 250, in which KY are two 
grooved rollers, made of steel or iron, and mounted in 
suHeble framework. grooves of each roller are 
seMeircular, so that when the groom of cue roller 
" tm brought opposite to those of the other, they form 
taigelhau m series of cirenkT h<deiiy ea riiovm in the 
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fignns at of ooulaet butw4e^ Me 

under roller is flanged at both and 
eiadfl of the upper roUoroyemde^ ttibsidbOf itksi 
flanges, in order to keep the cutting shilk^ 

or being damaged. JPrem the prime mover, mbttdb k 
communicated to the toetiied wheel, a, Oh thi dtaft’rif 
the roller % and 
thence through tlie Fts-Ssa 

wheels T and u, to 
the roller y . To cut 
thin sheets of gutta- 
percha with tiiis ma- 
chine into narrow 
strips or ribands, the 
material is patsed 
through it cold, and 
only the eUtting ed^es 
are brought into ope- 
ration. To make 
round thread or eOi'd 
by means of it, atbeot 
of gutta-percha, of^a 
thickness cqUbl to the diameter of the hutes formed by 
the grooves Of the rollers, is passe<l ihrOh||^ it at a tem- 
perature of about 200®, by supplying tim 'material from 
a feeding obamber, heated^ to 'that degbse by steam or 
otherwise ; and the threads or ooitik, after passiug be- 
tween the rollers, are received in a tmdc oif cold water, 
from wliich they are wound on reels or drums, conve- 
niently placed for tlic purjiose. Or, by another method, 
Uie gutta-percha is employed in a plastic state, and 
pat:t8ed towatds the machine under a gauge, after the 
tnamicr employed in the caoutchouc manufacture. 

Should it be desired to produce coxti Of a semicir- 
cular section, the lower grooved roller Is replaced by a 
])lain roller ; or should cord of a form neither circular 
nor semicircular, but square, triangular, hexagonal, or 
of any other angular form be required, two cylinders 
are employed, grooved in such a manner as to produce 
the desired shape. 

Cord and thread are likewise manufhcj|;ined by means 
of a stamp, bearing a number of close parallel shafp 
edges, which aj^ brought down upon a sheet of gutta- 
peicha so os to cut it nearly through jo a series of cor*^ 
responding parallel lint^s. The namyw sUpe are ihen 
eevcrally tom aunbpolishu^ up by iNmid ibr ose^ 

OimtNG, AMD j&ft 

opemiitina "tto i^ta^peri^ 

formed {nto i^ieets, 4dmtk ^ an 4 

ap|d!ctttimis. Beflmed bf hdlmtg 'hm# W H 

may bh riiUped into aby 
the knifk,' w 'mould, 
workirimpa hi the eatabliabment 
Company are men 

I various opemtIOlifc 
I cutting and 

1 machine, invent^ by ’illf- Wi)E*lWJII, is Into 

I extensive use, while bWy de8(5ripfS6n are 

being em^iloyed to produce t^e dWbreDt articles. If 
Shoe-S(des are requii^, the etrtijbfng machine i» brought 
down upon a pBe of atint broad bshdii, a 

deswm of tfaem at oskp eiierarion into rectaognlar 
wl^ am M m mc^lnto &e 


of ft om pkce 

mnn miMii$ taU^, bea^ jnv^rtod ivon moulds, 
tmi isMIi aiia tusu^ out buokots, bowls, 

smd madnsm’ hfl4s» mt]« otbers are moulding 
bneieii for jBat^miUfli lingSy widps, et cetera, la one 
cisterm md brunks for emigrants are being 
Itoed } in another, ornamental mcnddings, medallions, 
pfln-^tri|^, bik-efiandfl^ picture-frames, and other fancy 
ariioles, are stamped from electrofype copper dies or 
wooden^tmouldB. For the stamping or moulding, the 
sheets are oat into pleoes, and each piece is warmed 
sU^mently lo take the impress of the die. 

Tusino.-^erhups tlio most im* 
postaat use tp wbioh^lpattA-'percha has been applied is 
that of tubinf, in Wbidh form it is extouaively used for 
piimpobarreK sbip«*pumps, feed-pipes for locomotive 
engfoee, sipbons for mines, suction or eiection pipes for 
fite,gardeht and washing engines ; and, being unatTected 
by acids, k is also available in this form for bleaching 
with ebloldne and other ohomicol purposes. Accoid- 
ingly, while the prooess of sheet-rolling, already de- 
scribed, forme ilte basis of a largo department of the 
manufacture, the making of tubes constitutes anodier 
important and distinct dopartmont — die tubes being 
formed directly from a^eoitoned mass of the purified 
material, wliich has passed through tlio kneading or 
masticating macliiue. The process, while highly inge- 


ice nioul, Is mmeedkj^y ^ple. 
ds, forced by a ptaton thtough a ste^ immkedh 

ds, iog in a mould that consists of a eoHd {deoe ^ 

ng metal set within an iron tube, the space betWbfm file 
•ne two being the thickness required. The gulto-percbk 
ng thus leaves dio mould in a tubular shape, but would haa* 
DB, mediately collapse unless subjected, until k edol^ le 
icy an even pressure both wilhln and without. To aeeom* 
or plish this, it is received from the mould into a canal Of 
be water about fifty feet in Ismgth, along which it travels^ 
ed being wound ofi upon a drum at the other end. The 
water, filling die intentli', and pressing equally upon 
01- the outside of the tube, preserves it in perfect shape 
[ 18 while it speedily cools it into hardnes^i. The feeding 
for cylinder is so emttrived as to admit of being constandy 
ivo replacished with new material, so that a tube of one 
for thousand feet has been manufactured vq^hout a single 
led bieak, being tbe longest ever made ki mie picce\f any 
iug substance whatever. 

id- Coating Telcoraph Wires.^ Another application 
ie- of gntta-porcha, which may vie in importance with that 
Lho of tubing, though not of such varied usefulness, is that 
ier of covering wires for telegraphic purposes. In Ihw 
ing icspoct its higli insulating power, (ombined with its 
ied floxihility and impenioiisness to water, render it of 
or essential service ; and, indoc<l, it may bo doubted 
;o- whether the submarine lines of tohgiaph, uniting dif* 
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ferqnt naiiQOSi iblanda, and continents, could have 
existed at f|iis day witliout the valuable assistanoo ren- 
d^^ tby iS^ta^peroha. Its introduction into ijurope, 
eohtbmppiiiiieo^ witfethe inaugnratiQn ofth^emag'^ 
oikieat prqfedM, py which the earth la belpg g^dled 
wljlh wiree of liEte psa aeaieely 1^ tth 


garded otherwise than as an express dsi^peiiliataoti ef 
an overruling rrovidence to advanoe tbe piegteee of 
civilisation and human bilppmess. A good piece ef 
gutta-perehay says Dr. Fabaoay, w&l immkie ee w^ 
as an equal piece of shell-lao, whatiier it be in tbe fisrm 
of a sheot, a rods ot filament^ but boiiog tough had 


i*i(3^ Vin[^AKn;mo« 


l^eti cold, lasr well as soft when hot, it will 
l>6tter than shelMac in many cases where the 
tbltdeness of the latter is an inconvenience. 

A thin coating of gutta-percha may be communi- 
cated to a wire by drawing it through a glass or metal 
tube, filled with gutta-percha in solution, or rendered 
fluid by Jheat ; but for the conducting wires of the 
electric telegraph, whether intended to be buried in the 
earth, or to form the core of a submarine telegraph 
cable, tlie coating, to insure perfect insulation, must 
possess considerable thickness, varying from One-six- 
teenth to upwards of one-eighth of an inch. 

Accordingly, telegraph wires are now coated in much 
the same manner, and by mechanism much the same 
in principle, as that employed f<^r' moulding tubes. 
This will be seen frdm the preceding woodcut, Fig. 267, 
which exhibijp in actual operation the machinery em- 
pli>ye<f by tiie Gutta-Percha Company for coating tho 
wires of the great Atlantic cable. The central con- 
ductiUg wire of this cable is a strand made up of seven 
wires of the purest copper of the gauge known in tho 
trade as No. 22 ; it is about the sixteenth of an inch 
in diameter, and is formed of one straightly-drawn 
wire, with six others" twisted round it. This strand 
received a coating of tJiree separate layers of refined 
gutta-percha, which together bring its diameter up to 
about three-eighths of an inch. The gutta-percha em- 
ployed for this great work was prepared witlj the utmost 
possible care. Lumps of tho crude substance were 
first rasped down by a revolving toothed cylinder, placed ! 
within a strong hollow case^ Tho raspings were then ' 
passed between rollers, macerated in hot water, and 
well agitated. They were next washed in cold water, 
and then, by means of a hydraidic apparatus, driven at 
a boiling water temperature through wire-gauze sieves, 
attached to the bottom of hollow vertical cylinders. 
Emerging from the sieves in plastic masses of exceed- 
ing purity, tho gutta-percha was then submitted to«thc 
powerful action of tite masticators already described, 
to expel from tlio purified substance the last tiuces of 
water, and to render it sound, compact, and homoge- 
neous throughout. When thoroughly masticated and 
kneaded, it was then introduced into tho horizontal 
cylinders, shown in tho drawing; and through these, 
which were heated by steam to keep the gutla-peroha 
in a uniformly soft and plastic state, it was squeezed 
by means of screw pistons, worked down slowly but 
resistlessly by the machinery. Under tiiis pressure 
the gutta-percha emerged, as in tul>o-mouldirig, through 
a die, ^ which received tho termination of two cylinders, 
and which at the same time had tho strand of copper 
wire moving along through its centre, instead of being 
stationary like tlie mandril in tube-moulding. The 
strands were drawn forward between the cylinders and 
through the die by a revolving drum. They entered 
the die in the form of bright copper wire, and Issued 
from it like brown tubes or cords of gutta-pereba. Six 
of these strands are represented in the drawing as 
being wated together, ranging along side by side ; 
and this operation was repeated a second and third 
tihie, to produce what is termed ihe mrs of the Allan- 
' %nCable. . ' . , ' ^ 

. V In March, 1866 , a patent waa 


taken by Mr. CHAtos GooolfliiAK 
tending the principle the appariM) 
to moulding of every description ; in 
machine wMch he employs is cohstrii^^ted M 
manner to those employed fot oont^ 
wires, and for mouldinigtubes* liQce el)1i4p^M 

a cylinder or barrel, into wbi(^ the^utta-perd^ 
duced, and into the cylinder or batwl A 
being operated on by a screw or rack'and;^pihibi^%‘ 
otherwise. In this case, also, the ji^linder b 
in a steam-jacket to keep the co&ined 
suitable temperature, and in the |s 

formed a nozzle or orifice, throu^ Wh{«dl the 
Sire forced into the mould by the ;rnbl^on Of i&e 
The moulds are constructed of tvrb pr moiSs pleceC of 
metal, which are held together with bolts andtints; tie;^ 
are formed with a suitable interior fbr 

producing the article desired; and there Aiw two or 
more passages which lead into the cavity, ^ 
of which is for tho purpose of allowing the plastio 
stanco to pass into the mould, and tiie others for allow- 
ing the air contained in tho mould to escape. When 
the piston advances, it forces the gutta-percha horn the 
barrel or cylinder into tlio mould, until it begins to 
escape from the air orifices. The pistah b then arrested, 
and tho mould, when removed and emptied, is rcad|y 
to be again filled. 

Vulcanized Gutta-Percha.— A mong pthbr pro- 
perties in which gutta-percha strikingly resembles 
caoutchouc, is the change which it undergoes whAn 
intimately mixed with sulphur or its cornpounds, arid 
afterwards submitted to a somewhat elevat^ tempera- 
ture in close vessels. By tliis vuktmMig treatment, 
as the process is termed, it is rendered, like oaotitC&Cuo, 
lr388 readily affected by changes of temperature, and 
more permanently soft and elastic, ^ as to bC better 
fitted for bands and oilier pur|)OBeB. To efTect this 
remarkable modification, it is subjected to prooisely the 
same methods of treatmeuf as caoutchouc, and, indeed^ 
it is frequently combined with that substance to give 
it #ie pliancy and elastioily required for sCine pf its 
applications. Accordingly, roost of the patients wMch 
have been taken in connection with this ai^ 

not confined to gutta-percha, but embrace tdsi) cabui-" 
chouc and various combinations of these with UAcb 
other, as well as with other sulistaDoes, ' 

In Vol. L, pages 448 and 449, of this work, thereSw 
two methods described of vulcaniring caou^cme^^' 
of which consists in kneading iC with iulidlinr 
compounds; the other, in immersing it & 
pounds which hold sulphur in abd 

wards, in both cases, exposing 
Gutta-j)crcha may likewise be W 

these methods, or, by expo«$ng 
mixture of steam and sulphiWw^j^^ 
apparatus, which was {mtentod'in 
and described at tlie pages abcve yrfttw® ^ ■' 

*In March, 1846, Mi*.' AtBXAJWDfew:'!^ 
min^ham obtained a pfOte^ ca6nlci|)^d' 

and gntta-^wba, ty 

preferring, however^' tlid*' ' 

pm|K>sei^ \ 
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or gut^fero^. 11^ taj^oo out of tbe sololion, 
, or Btovo, heated to about 

44a, Ifibm 4 e ha« ^J^rated, the gutta- 

jle wefl WW Ju water, or bofled for one hour 
jii^ a or soda, containing one 

p$ ^ ^ a gaDon of water. The gutta- 

then is ready for use. 

J ^iNiJOCK, ^ specification of his first patent, 
ffi ^e^wheti 1649,,recomn;^ended the sulpliurizing of 
Jl^per^ hy sulphides, such as orpiment 

^ liyOT'Ol, sut^uTt to sulphur itself; and 

jtn.i^trsp^ihoation he stated, that though a portion 
^ i^htw might 1^ used in place of an equal portion 
of shipldde, yet he considered tho use of sulphur to bo 
attogethor obj^onfiihle, because of its ofS^nsive smell 
and tehdancy toeffloifescence. Subsequently, however, 
he asoor^nedi as ^ted in tho specification of bis 
seooad intent, of date February, 1847, that if a very 
mmi^ portion of sulphur be used along with a sul- 
phide, a hotter result is obtained from a combination 
of the two than from either substance alone. The 
pn^lkions which he found best in practice were six 
parts of sulphido of antimony, sulphide of calcium, 
or some other ax^ogous sulphide, and one part of sul- 
phur, to eveiy forty ^oight parts of gutta-percha. When 
the mixture of these materials has been effected, he 
places the compound in a boiler, and raises it, under 
pressure, to a temperature of 260° to 300°, in which 
state he leaves it for a period varying from half an 
hottt to two hours, according to the thickness of the 
^ materials ; by which time it becomes completely vul- 
caniaed, or, mother words, 7nelallo--tIdarmed. 

In August, 185X, a patent was taken by Mr. Stephen 
HoultoN) for applying to gutta-percha his process for 
vulcanming caoutchouc with hyposulphite of lead, to 
which aUusioh has been made in the artide Caout- 
chouc, Vol I., p. 450. The same process is ap- 
plied to a combination of equal parts of gutta-percha 
and caoutcbouc, as to either of these alone ; and when 
ijt is desired to produce a hard-curod gutta-percha, or 
a hard composition of gutta-percha and caoubhouc, 
described by the patentee as similar to horn or ivory, 
he adds ir^ two to twelve ounces of calcined mag- 
nesia to each pound of gutta-perdia composition, alone 
or combined with caoutchouc. The whole is then 
expired in a dose vessel to steam or dry heat of from 
to 300°^ for a period of time which will vary from 
two, to ten hours, according to the thickness of tlie 
material and, the quantity of goods introduced in one 
patentee udds, that after the gutta-percha 
gb 0 &, whether ^ the form of coated dotli, sheet gum, 
moul^, or. ax^ other artide, have undergone this 
{goeefi!^ which towe emn^r, they will be found not 
only impermeahl^.to^ wet, but extremely tenacious, 
posa^e^ Idb dasm prop^ of the cured caoutchouc. 


In a patent was takes hy Mr. 

; of X^ondon} for improvements in the 
gutWperoba; the principal 
yrhWk oondste in the addition of one part of 
t thereof In some of its 00 m- 

to djEty-siaf parto of 


a temperature of 235** to ,246?* . ;^ 
expeUing toe vdIhtIUzable fogredlm]^^ 11^ 
or hy|)Osdphite of lead or sine, or toe 
of lead, or other compound of sulphur emi^yod (of /tto 
purpose, is first mix^ with the gutta-p€rch% iwto 
tooroughly incorporated by passing toe znxxtura , 1 ^ 
peatedly between metallic rollers heated to a tempOliaf 
ture sufficient to make toe gutta-percha very solt, aud 
easily kneaded or worked, llie mode of effecting tofo, 
which Mr. Eij>£R states that he has found to be mpet 
beneficial in practice, is by toe cniployment of a ma- ' 
chine in which too rollers work at diflerAt degrees of 
speed, and produce a teasing or grinding action, which 
be regards as of considerable importance in workii^ 
the material. After being thoroughly incorporated 
and ground, toe material is placed in a strong metal 
voBsel, which is filled to about one -third of its capacity^ 
so as to leave ample room for tho sweUing or expan- 
sion of tj^e compound under the action of heat. It is 
then exposed to a temperature of about 235° to 245° 
for about three hours, and for this purpose the paten- 
tee prefers steam-heat, by which he is enabled to 
subject the gum under treatment to a greater pressure, 
and to obtain a more regular degree of heat than by 
other means. Ho adds, toat the gutta-percha, having 
undergone this preliminary heating, may be vulcanized 
by toe application of a much lower degree of beat tlian 
has been ordinarily used in that process, and that he 
has found a temperature of 255° to 265° to bo sufiicient 
to effect toe change. 

Renovation of Vulcanized Gutta-Percha.— 
Tho fact that caoutchouc or gutta-percha, or com- 
pounds of these substances which have undergone the 
change produced by the vulcanizing process, can in 
that state be only very partially acted on by solvents, 
and with difficulty wrought by any of the usual means 
employed when operating upon the natural substance, 
renders it necessary to mould and finish toe articles 
before they are submitted to this process, or to vulca- 
nize them in toe moulds, having previously mixed the 
gutta-percha with the sulphur in toe kneading or 
masticating machine. By the process of vulcanizing, 
properly so called, is meant the subsequent heating, 
which can be applied in toe act of moulding, when the 
articles require to be submitted to toat operation. 

But that very circumstance which renders it impos- 
sible to shape or manufacture gutta-percha into new 
forms after it has passed through toe vulcanizing pro- 
cess— -namely, the difficulty of acting on the vulcanized 
material either by means of heat or toe usoal solvexi^ 
— must entail a considerable loss in toe shape of wa^ 
unless it be possible by some expedient to renovate toe 
vulcanized gUm, and restore it to its original state* It 
was stated in toe article Caoutchouc, Vol. L, p* 44$, 
toat toe separation of the sulphur from that substance 
presented so many difficulties that it had not yet tM)en 
accomplished. It may here be remarked, however, 
that several attempts have been made to toJe 
desirable object, and toat> so early as in IBiB, Hr. 
Parkes propoa^ and patented a method vtoiekfo at- 
tended vdto partial success, AGCOidif^toftiep»t^ 
eight or ten pounds of toe vpude-euttinga, or old and 
worn 
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^ied m twenty pounds of tlio chloride of celciam« {(h* 
A Mger or shorter period according ft Uio thickness or 
li«3k of the substance, until, by testing a few of the 
pkees, it is found to bo in a stato to be readily united 
by pressure. It is then removed from the bleaching 
liquor, and washed, first iu a liot alkaline water, and 
a^rwards in pure water, also hot, when he states that 
the substance may be ro -manufactured, and again sub- 
incited to either of tlie vulcaiiissing processes already 
described. 

In January, 1856, a patent was granted to Mr. Ka- 
THANIEI. SmTTswRLL Dodge, for a method which is 
stated to be more effective, and by which, in the words 
of the patentee, scraps or waste pieces of vulcanized 
india-rubber, or vulcanized gutta-percha — such, for ex- 
ample, as old shoes, railway-buffers, carriage-springs, et 
cetera — may be rendered fit to be re- used or worked up 
into useftil articles or fabrics, without requiring to he 
re-vulcaniaed. For this purpose, the material to be 
treated, if existing in large pieces, is reduced into 
smaller ones, and is then placed in a vessel capable of 
being hermetically closed oi made air-tight To this 
material is now added pure alcohol — aheoktius 
—and bisulphide of carbon, in the proportion of a quar- 
ter of a pound of the former and ten pounds of tlie 
latter to one hundred pounds of the material, the alco- 
hol and the bisulphide being previously mixed together, 
and then poured over the material to be treated. The 
vessel containing the ingredlonts is then closed air- 
tight, and allowed to remain so for about two hours, 
more or less, at the expiration of which time the cover 
may be removed, when the whole, says the patentee, 
is found to be iu a soft, plastic, or gummy state, and 
ready to be ground iu tlie ordinary way of grinding 
such gums, for the purpose of manufacturing it into 
various useful or ornamental articles without repeating 
the process of vulcanizing. By adding a larger propor- 
tion of tlie alcohol and bisulphide of carbon, the gums 
may bo reduced to a liquid state. The relative propor- 
tions of tlie two may, however, be varied according to 
oircurastonces, and the effect which it is desired to 
produce. 

Various CoMmuNDS op Gutta-Pekcha. — In ad- 
dition to that combination of gutta-percha with sulphur 
or its compounds, which, with the subsequent exposure 
of the material to a high temperature, constitutes the 
process of vulcanizing, a great variety of patents have 
been taken for combining this substance with oilier 
materials to render it softer or harder, more or less 
elastic, or more durable, and so to fit it for one or other 
of the almost innumerable puiposes to which it has 
been proposed to apply it. To enumerate the whole 
of these patents in detail, so as to describe with pre- 
cision the various processes and applications proposed, 
would both exhaust the patience of the reader and ex- 
ceed the limits of this work. It is necessary, however, 
to give an abstract of the most important of these 
patented oobapounds and processes, to prepare the 
reader for a subsequent mumeratiou of the wonderful 
variety of uses to which this valuable substanoe has 
already been rendered subservient ; and, in di>iijg so, 
the Editor conceives th^ tlie best arrangement he can 
:Wddpt is to follow the ordet of dates:— 


Mr. HAiiiCOcifc’s patent for Jannw5y» 
patent taken on the subjeet— embtaoeft A (WA 
malting a ooippound elastic water-jrepeHpg 
for manufacturing pnrpuse^ by mbring 
witli juitawan, a somewhat similar in^teiial . 
recently imported from the East Indi^ ap4 
with caoutchouc, of with both, in propm^tspnif 
ing according to the softness, sriffness, plifimqy, or tx- 
tensibility which it was proposed to gjye to tl^^, com- 
pound* He states in his spccificationi tbct, a 
composition for bands or tape is formed by 
fifty parts of gutta-percha, twenty-four parts of 
wan, twenty of caoutchouc, and six of oipimenf. These 
are incorporated together in the mastioatii^ iimcdd^ 
and the combination is facilitated by moktehuig the 
mass with rectified oil of turpentine, or some otb^r 
Bulvcnt. The orpimented or sulpliurised compound is 
then exposed to a heat of from 300® to 340“^ fiir 4 
period varying according as tlie temperature is ^igber 
or lower. With a beat of 300® about sixty minutes 
are required ; while fifteen minutes are sufficient for a 
temperature of 340®. Tlie required heat may be ob* 
tuined either by means of higli-pressme steam, or of 
water heated under pressure, or of hot air. 

Another claim embraced iu Mr. HaWCOCK’s first 
patent consisted in a metfiod of improving gutta-percha 
I iu softness and pliancy, as also its combinatioris with 
caoutchouc and jintawan, supposing the Substance, 
whether single or compound, to have been previously 
sulphurised. For this [lurposo, he subjects the article, 
whether in tlie state of blocks, slieots, threads, or any - 
othtir form, to tlie action of sulphurous add, eitlmr 
I exposing it to the acid in the state of vapor, or by 
I steeping it in water impregnated with the add, or by 
spreading over the article a paste made of sulphuric 
acid and ivory, or bone-dust, or. animal charcoal, and 
then placing it in a steam-heated vessel or chamber. 

Another method of producing the same effect-^ 

: claimed also in the same patent' — consists in adding to 
the gutta-percha and its compounds when passing 
through the masticating madiiue, aud whether they 
are mixed or not with orpiinent or any other sulphide, 
about ten per cent, of vegetal wax or tallow. 

In October, 1847, a patent was taken by Mr. T90MA4 
Forster, for combining gutta-percha with anidd chsr* 
coal, hydrate or milk of sulphur, ground whal^oiiUi 
fragrant essential oils, musk, tonquin beans, mris xoot^ 
or gum-benzoin, and for applying all oat either uf &es« 
ingi'odieiits, alone or in combination with caoutchouc 
or other matters, to fabrics or leather for 
lining for railway carriages, cart apd rtek coVeis, wrui^ 
pars for goods, ei cetera, ¥ot this pui^se the gutta;* 
pcrciia is first cleansed or purified^ and 
hot mastxating pan with one or morq of tbp 
above-^mentiqned, in the proportion tf ibuf parts Of tbp 
giitta-peiidia to <me of animal dt of 

gutta-percha, two of in4wrrubber,,;f^ of auiibUl 
charcoal. TJie latter should be of fbo finkst , 

tion, and carefully sifted tbroogb. a tory fine piovp. ^ 
When these matters ere ^herfi^hly iocoiporAM, p 
portion of any solvent ts to be adds4r-d>y preferoi^^ 
oil of coal'-ht smdi inraportions as are foi Uto 

particular falsie io bo ooated. ,^0 patent^ 40^ 




weights of each io bo good proportionfl. When 
“ffie giitta-p^cha and eolvente are well combined by 
heating them in a Tossel enveloped in a Bteam-jackct, 
'^d are in a fit state to be spread upon the fabrics, Mr. 
IToasTBB adds orris root or other perfumes in siich 
propoitions ns are necessary to give the goods the 
desired scent [ but if caoutchouc is a component part 
of the compound, he says it is best to use orris root, 
tonqtiin beans, musk, or gum-benzoin only, as the fra- 
grant essential oils are apt to act injuriously upon the 
rubber in the course of time. For coarse goods, such as 
carriage covers and the like, lie takes gutta-percha four 
patis, ground whalebone and hydrate of sulphur, each 
one part, atid dne-sixteonth j)art of ^iiy mineral pre- 
servative of vegetal matter — hy preference, arsenic — 
works the whole lo^a mastrating pan, and afterwards 
spreads it upon tlio fabrics, with or without a solvent, 
if the fabrics are required to be of any particular tint, 
ho adds to any of the above compositions Uie color 
necessary to produce it. 

In forming such articles as arc required to resist 
moisture, as buttons, tea-trays, military ornaments, cf 
c<'ATa, he first saturates the fabrics with any water-repel- 
lent matt(k) preferring for this piirf)oso boiled linseed oil, 
dries them thoroughly in a stove, and then coats them 
with the first-mentioned composition of gutta-pcrclia. 
In making panels for carriage.^, doors, boxes, el edcra^ 
he uses strives of wood, deal as thij cheapest, and coats 
them with any of Ids gutta-percha compositions, using 
one part of the composition to two of the solvent. 
When the solvent has thoroughly dried, he takes pieces 
of the required sissc and heats them, lays one upon the 
other, taking care to reverse the grain of the wood, and 
then presses the whole while hot, keeping the pressure 
upon them till cold, • 

The compositions he prefers for moulding without 
fabrics are — gutta-percha four parta, bone-charcoal 
two parts, and one-sixteenth pari of arsenious acid; or, 
gutta-percha four parts, ground whalebone or the rasp- 
ing of honiS and hoofs two parts. If a hard composi- 
tion of a light color is roquin'd, he uses gutta-percha 
throe j»artB, ivory or bone-dust one part, and Coriiisli 
clay a half part. He states that a large quantity of 
animal charcoal or bone-dust will make these composi- 
tions much harder at the expense of their louglmoss. 
’fho articles ho makes directly from tliese solid com- 
positions aro carriage and other wheels, ornamental 
leaves and scrolls for furpitui-e, military and other orna- 
ments for harness, trays, frames, cornices, leaves, and 
fitiWors. The quantity of perfumes to be used in any 
of these compositions must depend upon the purity of 
the hi<tterial. Ide finds, however, that of orris root 
half a pound to every five pounds of the composition 
is pecossai^; of benzoin, two ounces to every five 
podnds ; of the essential oills, about half an ounce to 
five pounds. 

To finish tlie surfacoa fabrics or leather prepared 
, wJtli gutta-percha or its combinations, he coats them 
witli ti’ansparont colors, made by combining the colors 
witli oflil or vamisheg. His mode of operating is as 
follows Suppose the fabric is coated with gutta- 
percbft,,and anim^ ehi^tcoal or lamp-blact, the color 
would be a dull biik ; to iinprov4^ \q>on ttiis, he takes 




ten pounds of hhseed oil and twenty of Prussisn 
blue, grinds and mixes, boils the who^ it 

is as thick as treacle, which is readfiy seen Tby , 

drop on a bit of glass, and when cold it will be fom^d 
! to be a brown transparent varnish. Apply A thin cwt 
to the surface of the cloth, it wiU be dry in a few hoti]^ 
and in drying will absorb oxygen and become Blue, 
thus giving the cloth the fine color of black enamelled 
leather. 

If other colors are required— as red, for example— 
the fabric should bo coated with gutta-percha and ver- 
milion. Tako one pound of any oil- varnish, or pale 
linseed, nut, or poppy oil, previously made drying by 
any of the ordinary methods, and three ounces of crim- j 
son lake ; grind thorn well together, and coat the fabric . 
with a thin layer. If the fabric has been embossed or 
corked to imitate morocCo leather, the result will not i 
be a bad imitation of tliat article. Of course, any tinge * i 
may be produced by a similar process. ' i 

In July, 1848, Mr. Anthony Lokimer obtained a > 
patent for improvementSu^ the moans of purifying 
gutta-percha, and for new combinations of that sub- 
stance With other materials. The first part of the 
method claimed consists in a somewhat intiicato 
system of knives and other machinery for slicing and 
kneading the gutta-percha ; the second con-sists in com- 
bining it with burned clay, burned flint, broken articles 
of porcelain and earthenware, marble, Portland, Cor- 
nisit, and other stones, all crushed and sifted ; also, the 
oxides of zinc and copper, the hydrate and oxalate of 
lime ; also a compound of lime slacked with oxalic acid 
dissolved in water, lie uses about three pounds of acid 
to‘a bushel of lime, the acid being first dissolved in a 
quantity of water suitable for slacking that luoportion of 
lime. For making soles for boots and shoes, the great 
oh.ject is to incorporate as much of either of the above j 
matters, or mixtures thereof, as the gutta-percha will * j 
take up, and retain a flexible and adhesive character; | 
but in cases where the compounds are to bo sulijectcd ' 
to strain, such as straps and bands, then smaller quan- 
tities of those siibstaiiccH must bo combined with the 
gutta-percha. The gutta-percha coni{)ound8 so pro- 
duced may be moulded into any desired form, or 
pressed into sheets between rollers. 

In November, 1854, a patent was taken by IIenhi 
Jules Iuivivier and JIeniu Ciiauuet of Paris, for a 
method of treating gutta-percha W’itli the chloride, bro- 
mide, iodide, or fluoride of sulphur, or with the corre* 
spoiiding compounds of phosphorus, boron, silicon, apd 
arsenic, or tln^ bichlorides of tin and' antimony; but 
of these substances the patentees prefer to employ the 
chloride of sulphur, although tliey allege that results 
similar to those obtained by the use of that compound 
may be obtained by the use of any of the other com- 
pounds above-mentioned. The process which they i 
adopt for applying these substanoes is merely a modi- 
fication of that vulcanizing process originally patented 
by Mr. Papkes, The gutta-percha is dissolved in 
bisulphide of carbon, the solution biung made in a dose 
vessel, and at a temperature of 86“, This menstruum, 
wlien purified by deposition, is evaporated to dryno^, ' 
and another clear solution is made, to which from two , 
to fifteen per cent, or more of chloride of sulphur, 
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dSuted with bisulphide of carbon^ is added and Well 

1 /,* 'r 

If the articles subjected tp propesi^efl ar^ pf 

V 'i ^ 

' i 


ixnixed; or if any of tho oilier substances before men- 

such a nature that they would be damaged by ^ a^d 



tipned are employed in place of chloride of sulphur, 

vapors formed during the operarion, the ;^tenteeestj|te 



tl^en from fifteen to fifty per cent, should be employed. 

that carbonate of soda sliovdd be mixed with the $^lu|tiDn 



The patentees make the following intei'esting state- 

of gutta- percha, in quantity sufficient to heut^idizc 

' ‘ 


ments with reference to the properties of tlie resulting 

acid formed. 



compounds, according it) the proportions in which the 

In June, 1865, a patent was taken bj ?♦ 



ingredients are mixed ; — 

Godefkoy for mixing cocoa-nut shells in a finely- 



1, By fnixiiig only two per cent, of chloiidc of eul- 

groimd or comminuted state with gutta-percha in the 



pliur, or only fiftoon per cent, of tho other substances, 

process of its manufacture, by which it is fi^eged Ib^ 



with the sirupy solution of gutta-peruha, a compound is 

the following advantages are obtained v — ^1. Consite- 



obtained which docs not mateiially differ from gutta- 

able economy in the manufacture ; 2. Grppter duri- 



percha in its pi op<irties. 

bility in the product, e.specially when applied to, jth® 



2. When more than two per cent, of clxluride of sul- 

manufacture of boot-soles, clogs, golosheSj and otltor 



phur is employed, the compound can be extended when 

articles exposed* to much wear ; and 3. Greater elos- 



heated to 100° or 120°, and it remains extended wben 

ticity, with the power of rcHisthig a higher temperature 



cooled, but roUkes its original form when again heated ; 

than ordinary gutta-percha. By grinding machfoory 



and at about 212° it agglutinates. 

fitted for the purjiose, the patentee reduces Uio cocoa-n^t 



3. When five per cent, of chloride of sulphur is added, 

shells to powder of three degrees of fineness. The first, 



the compound only diffei-s from that just described in 

or finest quality, he employs for mixing with gutta- 



being less softened by heat, and in being slightly elastic 

pcrclia intended for tubing, for an insulating coating to 



when cold. 

telegraph wires, and such like purposes; tlie second or 



4. When ten per cent, of chloride of sulphur is added, 

coarser, for driving -bauds, boot-solos, ornamental mould- 



tlie properties of tlio gutta-percha are quite changed, 

ings, ei cetera; tho third, or coarsest quality; for lining 



and tho compound is unaltered by a temporuturo of 

ships, for hut liiiings, for covering floors and walls, and 



212°. 

other similar purposes. Tho Editor can see no ob- 


J 

6. When above lifteen pir cent, of chloride of sul- 

jeetion to a little adulteration of tho gutta-percha for 


1 

[ phur is added, tho compound becomes horny and harder 

the latter two modes of its a]»pIication ; pcrliaps the 


i 

as the^quantity of chloride of sulphur increases. 

admixture of cocoa-nut shell miglit even, in some 


1 

Articles may be formed from these compounds by 

respects, increase its adaptation for these and ot^icr 



pouring them as soon as mixed into metal or other 

puriiose.s; but he doubts how far tlm same admixturo 



suitable moulds, and there allowing them to sot. In 

would improve tho quality of gutta-percha as an insu- 



the same way the paten tees cast blocks of elastic gutta- 

lator of electricity, or as an admixtui'c in the composi- 



percha, which aro afterwards cut up inlo pieces of a 

tion of tubes intended to resist acids, and to be unperme- 



suitable size for rubbing out pencil marks. Tho com- 

ablejo moisture. 



pounds may also bo used for glueing or attaching one 

A coramunicaUid patent, dated Eovtuiber 27, 1865, 



substance to another, in which case they should bo 

was taken for improvements in the manufacture of 



applied in a fluid state, and tho two surfaces to he 

india-rubber and gutLvporelia, by mixing with tliesb 



attached should be held together until the cement is j 

materials calcined shells, or other cheap substances of 



quite hard. AVhen attaching leather by this cement, 

a likci nature, 8Qt.tIiat when aTterwards vulcanizctl and 



' the surface of tlio leather should be made rough. Or 

rendered hard by being subjected to a liigh degree Of 



! the process may be varied by first coating the surfaces 

Jioat, the material may be applicable to the manufacture 



1 to be attached with un transformed gutta-jjcrcha, and 

uf bobbins, cylindors, rollers, racks, ratcliet-wliccls, and 



1 tlich wetting the surfaces with a solution of two to ten 

other ]:>arts of spinning machines. Though gutta-percha 



1 parts of chloride of suljbur in one hundred parts of* bi- 

is embraced in tlic patent, india-rubber seems to be Ac 



sulphide of carbon, and pressing tho surfaces together 

substance to which tlie admixture of calcined shells i» 



till hard. 

considered most applicable. 



In a similar manjior, artiehis may be coated with 

In August, 1866, a patent was taken by Mr. CxiAXliES 



transformed gutta-percha, by dipping them first into a 

GooDYKAK.for an improvement in combining gutta-f 



sirupy solution of gutta-percha in bisulphide of carbon, 

percha with asphalto or pitch. The method provionely 


j 

ai^d afterwards plunging them into a bi^lh consisting of 

in use was, to combine gutta-percha and asphftl<« by 


1 

two to ten parts of chloride of suljihur dissolved in 

masticating the iwo together, in the same manner as 


i 

one hundred parts of bichloride of carbon. 

gutta-percha and india-rubber are .combined in tho 



j When it is desired that the gutta-percha should peno- 

kneading machine. Mr. GoopTEAl^JB improyemont , 



1 trate, in place of remaining as a coating on tlie surface 

consists in effoctihg the combination by ojd of hot 



of tho article, as is sometimes desirable wben treating 

water, by which tlie two matters ore softened, and made 



sheets of wood, leather, and similar materials ; 

comparatively fluid. For this pnrposo a plo^ vessel is 

* i 


then, in place of simply dipping the article in the 

used, into wliich tho subetonces in^o^^ced, mixed ^ 



solution of gutta*pcrcha, it is allowed tq soak tJierein 

with a quantity of wator, ood the toroporature ia rafcod 

, i' 


for twenty-four to thirty-six hours, and is moderately 

to such a degree as to melt hoth^ aflor which they afo 

; 'j. 


boated, passed between rollers, and afterwards di|)ped 

to be well stirred, to Wepd them together. He coh- J 



into a solution of ten parts of chloride of sulphur in one 

Bidets that" this melting of Biem togetiier effects^ 

■j 


hundred parts of bisuljbide of carbon. 

most perfect oomhinatfon. Amjjlmving been J 

i ^ f, ' 

J 


- - . . ' , ■ ■ r- -V - -r S 'y " 
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.Aorbiighly bjended itt a luid titate, they may, when 
desired, bo further combiued with sulphur, also with 
iiidia-rubbor and other mattate; and the varioua com' 
pounds thus produced are, when Required, subjected to 
high ttoperatures, in brddr to produce the change 
which is known as mlcanhing, 

WATEUPROOPlifO AKD l>E0I>01liS5INQ. — Mr. Han- 
OOCk's patent of January, 1846, embraced a method of 
producing varnishes whicli might ho applied to the 
Waterproofing of leather or cloths ; and by applying them 
ci^or alone or mixed with cotoring matters to gutta- 
jriercha oil^its compounds, or to articles made from them, 
thtey might have a fine glossy exterior given to them, 
and the stticll of any ingredients which might have 
bepen mixed up with them, such as that of the sul- 
phur in vuioanmng, would be effectually removed, 
For this purpose ho mixed gutta-percha and caout- 
chotio, Or gutta-porCha and jintawan — using the sub- 
stances ihdifierently, so far as regards the proporliou 
one bears to the other — with sulphur or oqiimcnt, or 
other sulphide, in the proportions that are usually cm- 
ployed for vulcanuing, with about eight to ten jiarts of 
animal or vegetal Wax, or animal or vegetal fatty 
matter, and then dissolved in rectified spirits of turpen- 
tine, and evaporated. Ho adds that those varnishes, 
mixed with colors, may be nseti for the piupose of 
painting or printing cloth, leather, or any other fabric, 
atid wiU be found very useful as waterproof cements, 
particularly in combining gutta-percha and its com- 
pounds with silk, cotton, and other textile fabrics. 

In Novemlver, 1853, a patent was taken by Mr. 
Joseph Fry for improvements in preparing solvents 
for india-rubber and gutta-percha, and in rendering 
waterproof fabrics free from smell. With reference to 
the first claim, it is stated in the specification, that 
previously the solvents employed for india-rubber and 
gutta-percha had been distilled and rectified before 
their application ; but it bad been found by the patentee 
that these solvents are improved if india-rubber or 
gutta-percha be combined witli the solvents bcfiire dis- 
tilling them, or bo present in a certain proportion 
during that operation. The solvents usually employed 
for waterproofing purposes arc turj>ontino and coal- naph- 
tha, or coal-oil. In proceeding to distil one or otlicr of 
tliose, he introduced into the still, along with the sol- 
vent, from four to six ounces of tlie india-rubber or 
gutta-percha to each gallon of the liquid ; and ho affirms 
that the product distilled over is materially improved 
for the purpose of its subsequent use in dissolving larger 
quantities of the same suhstances, while the residue in 
the still will be found useful for fabricating common or 
tuferior articles, and for waterproofing coarser and 
lower-class clotlis. Or, by another method, the crude 
solvent might be fimt distilled withoirt india-rubber or 
gutta-percha being present, and allerwards be combined 
Wi& india-titbber or ghtta-percha, and again (Jistilted 
or rectifiod. The latter mdde of treatment is regarded 
the patentee as producing tlie liest result.. 

The second part of the claim, Which has for Ite object 
jepioval of the odor of articles fabricated of india- 
or gutta^-porbhe in which ehlvcnts have been 
used, » itt subjecting the watetprbof cloths, 
whef&et before oAfler being made up into gormehts or 


other attides, to the action of stesiitt ih a cham^t 
or steam-chest; and for this puipos© tte patentee does 
not find it necessary to employ steam of k mUOh H%hcir 
pressure than that of the atmosphere. A lohg^ or 
shorter time is required to remove the odor of the 
solvent, according to .the amount of it that has beOr.*' 
present. 

Decoloring Gutta-Percha, — In February, 1853, 
a patent was taken by Dr. Normandy for decolor- 
ing gtitta-pcrcha by means of animal charcoal, em^ 
bracing also a novel method of forming it into sheets 
and balloons. The gutta-percha to bo operated upon 
by this process is previously purified as much as pos- 
sible by cutting, and pressing or kneading it in hot water. 

It is then exposed at a gentle heat to the action of some ! 
volatile solvent, such as essence of tuq^entine or benzol, j 
but prcfoi’ably of bisulphide of carbon, in which latter 
case no heat should be applied. One part by weight of 
gutta-pordiii dissolved in about twenty parts of solvent, 
yields a brown, turbid, sirupy mass, which is clarified 
and partly decolored by ^rst allowing it to stand till 
the heaviest particles subside. The supernatant liquid, 
still much colored, is thoroughly purified by filtration 
through animal charcoal; it is then put into a still 
provided with a refrigerator, and if it bo desired to 
obtain the gutta-percha in a solid state, the distil- ; 
lation is continued to dryness. But to obtain sheets, | 
or to make balloons, sliados, and various other forms | 
of gutta-percha, the patentee proceeds as follows; — j 
lie takes the purified solution of gutta-percha in bi- j 
sulphide of caibon, and pours a certain quantity of it j 
into a ve|acl — for example, a glass cylinder stopped at ! 
one end. He tbcii inclines the vessel, and turns it in | 
every direction, until its sides are completely and * 
evenly coated over internally by the .solution, and llien 
allows the excess of liquid to drain off, by holding the 
glass cylirulor with its mouth downwards. In a short 
time the bisulpbide of (Carbon volatilizes completely, 
leaving the inside of the glass covered with a film or 
thin lining of giitta pcrcha, which loosens by its con- 
traction in drying, and may then bo readily extracted. 
Caie must be taken, however, not to touch tlio cylinder 
with a warm hand, for the gutta-percha wdll adhere to 
the glass at the points which have been thus warmed. 

If the part which was in contact with the bottom, or 
closed part of the cylinder, bo now cut off, a cylinder 
of gutta-percha, open at both ends, is obtained, and 
this being cut longitudinally, wiU form a sheet. Thin 
semi-transparent balloons, or almost any other form, 
may bo prodiqjed in the same way, since the solution 
of gutta-percha will necessarily take the form of the 
vessel into which it is poured, , When, however, the 
gutta-percha membrane has to bo removed through a 
small aperture — which happens when the sirupy liquid 
has been poured into a bottle, or glass balloon, or mat- 
rass— -some contrivance must bo resorted to, asihat of 
introducing into tbo vessel a tube, by means of which 
the air in the vessel can be sucked but, either by 
the mouth, or with a syringe ; tbo gutta-perclia mem- 
bvane will thus be mode to collapse and rei^de fnup 
the ^ides of the vessel, afler which it may be eawly 
removed. It is eWdent tliAt the more vlsdd tlie ablu- 
tion, the thfeker will be the meiribraho obtained. 
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Pxmm OF Gutta-Pkkcha, akp its Combina- 
— A metliod of coloring articles formed of gutta- 
pmha, or coated with a varnish of that substance, has 
been just stated, in connection with Mr. Hancock’s 
method of waterproofing and deodorizing. It is obvious 
that the same varnish which excludes moisture, and 
confines the odor of the solvent, may be mixed with 
colors, and will thus form a pigment of any requhed 
tint. This process may bo termed painting, or color- 
vamislung; but in Mr. Parkes’ patent lor March, 
1846, was embraced a claim for dyeing caoutchouc or 
gutta-percha, alone or in combination, and afterwards, 
when desired, treating those mattem by vulcanizing 
agents, either in solution, or by the dry motliod. To 
dye caoutchouc, or gutta-percha, or their compounds, 
ho boils them from a quarter to half an hour in the 
following preparations ; — 

Black, — One pound of sulphate of copper dissolved 
in ouo gallon of water, with one pound of caustic am- 
monia, or chloride! of ammonium. Or — one pound of 
sulphate or bisulphate of potassa, and half a pound of | 
sulphate of copper, with one gallon of water. 

Green . — One pound of chloride of ammonium, half a 
I»ound of sulphate of cop])er, two pounds of caustic I 
lime, and one gallon of water, i 

Furplitih . — One pound of sulphate or bisulphate of 
potassa, one quarter of a pound of sulphate of copper, 
and one quarter of a pound of sulphate of indigo. 01 
course, the dt'pth of color may be varied by varying 
the proportions of tlie ingredients. 

Or the following colom may be applied direciiy:-- 
Blm , — Victoria blue and ultraniurine. 

-Vermilion, carmine, or rose-lako, * 

Green,' — Brunswick green, or acetate of copper. 
FeMo'ic.— Chrome yellow, or oxide of uranium. 
White.-^T\iQ color known as satiji white. Mr. 
Parkes prefers generally to use this as a ground for 
the hues above-mentioned. The coloring 2n‘aceis8e8 
must precede the vulcanizing of the material. 

Metallizing. — In Mr. IIancogk’s patent of Feb- 
ruary, 1847, was embraced a method of improving the 
quality of gutta-percha, both in its natural and vulcanized 
state, by exposing it for a minute or two to the action 
of binoxide of nitrogen,, obtained by the usual metliod 
of dissolving a metal, such as zinc, copper, or mercury, 
in nitric acid, or by immersing it in a boiling and con- 
centrated solution of chloride of zinc, for a period 
varying from one to Tive minutes, according to tin* 
strength of the solution. In cilhor case, the materials 
are afterwards well washed in some alkaline solution, 
rr in soft water, Gutia-pen'ha which lias been thus 
treated, and whether vulcanized or not, is stated by the 
patentee to become exceedingly smooth to the touch, 
and of a lustre approaching to metallic. 

Substitutes for Gutta-Pekciia. — I n December, 
1853, a patent was granted to Stanislas T. M. Sobel, 
of Paris and London, for certain improved oompositioriB 
to be employed as substitutes for caoutchouc and gutta- 
percha* These compositions, though termed substitutes, 
are wmply combinations of gutta-percha with other 
bodies, resembling in most cases those already men- 
tioned as patented by other individuals for the same 
This will he at once seen from the foBoning 


ingredients and proportioifs omtdoyied 
mixture: — 

ColopbaTiy„, • ^ • • * • f . < 

Pitoh or bitumeu, » 

Eeftm oil, S 

Hvdraicd Ijme, B . 

w alor, " • V* ‘ * • ♦ * * * : 5 

Pipe-clay, or other like argillaceouB earthsi lO 
Gutta-percha, , 1S> 


The patentee prepares the oompositioB in a copper, 
heated by any suitable moans. He first lutroduecs 
into tho vessel colophony, bitumen, oT pitohi and rewn 
oil, and agitates the mixture with a stick, or fipntular 
until the former two are dissolved. Ho then adds 
slacked and broken hydrate of lime of the oonsistenoe 
of molasses, continuing to agitate and heat tho mix* ^ 
ture, and wlien the laticr is completely liquefied ho 
introduces the gutta-percha, cut into small pieces. 
The agitation is continued till the gutta-perc^ is dis- 
solved, when argil is introduced, eidier powdered or 
mixed w’ith water, and vroll incorporated with the mixf 
turo. An excess of water is then added, and the 
whole is heated to e])ullition. The matter is now 
separated and kneaded in water, then w'ithdravva from 
the copper and again heated, and passed sevend times 
between tho rollers of a rolling machine to reiuler it 
homogeneous, when it is ready to be employed. 

The colophony may be replaced by other resins, ns 
burgundy pitch, or gum-copal. The argillaceous eartli 
may be entirely suppressed in the composition. To 
render tho latter more tenacious, he increases tho quan- 
tity of guthi-percha ; and to augment still more its 
tenacity, and render it a little clastic, he adds a smaiJ 
quantity of natural or vuleuuizcd caoutchouc, cut up, 
like tlio gutta-pcrclia, into small pi(3ce». To render 
the composition more completely waterproof, he adds 
about five per ceut. of bees’ ivax orulearic acid. 11 
may ho colored with smoke-black, or otlior coloring 
matters. 

Subjoined are three combinations, in the first of 
wdiich tlie colophony is replaced by pilch ; in tho 
wjcoTid, both the resin and resin oil are superseded; 
and in Die tiiird, pitch is replaced by coal-ltu' from tl»© 
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Argil may be added to the above thus© compositions. 
Tljey are stated by the patentee to bo applicable for 
replacing caoutchouc and gutta-percha to /their prin*^ 
cijral applications^ and especially for wateiyioofiug 
stuffs, and the mannfacturomf tubing, of didvmg-strape, 
wateiqiroof boots and shoes, bpbbins and cylinders for 
spinning machinery, capsules for stopping bottles, and 
other like articles. They may likewise be moulded 
for making vases, and other ornamental articles* 
giving the composition greater tenacity, fibrous /paate-^ 
rials, such as cotton, wool, hetnp, cdP hair, 4ind leather 



be lidded* Wheii prdperly rolled ixxto sheets, 
it may be lined or covered with thin sheets of natural 
or imlcataaod caoutchouc by moans of a rolling 
tnacMae/or by sticking them together with a solution 
of cat^utcbonc or gutta-percha, or'-any other suitable 
adhe^ve agent. These ^double sheets may be em- 
ployed for the upper leathers of waterproof boots and 
shoes; The sol^ may be either ,of waterproofed 
leathfir, of gutta-percha, or of wood. 

ApultBRATIons. — From the list of patents which 
have been given for mixing or combining gutta-percha 
with other substances, including caoutchouc, pitcli, 
pipe-clay, vegetal wax, calcined bones, coal-tar, lime, 
eiilphur, cocoa-nut shell, Portland sh)no, and an almost 
indnite variety of other materials, aU of which arc 
assumed by the respective patentees to peculiarly 
adapt the resulting compound for certain specified 
applications, it may seem unroasunable to brand as 
adulterations the admixture of ingredients which are 
added by legal sanction for certain avowed purposes. 
On this extreme principle even the process of vulcan- 
kin^ which imparts to caoutchouc and gutta-percha 
more than half their value, would bo a sophistication ; 
for it presupposes the admixture of the article with 
sulphur, or some of its compounds. Allowing, there- 
fore, that gutta-percha may bo too often adulterated, 
juad deteriorated for all practical uses, under patent 
(mthority, while, on the other hand, the fact is undeni- 
able that by certain admixtures and combinations the 
qualities of tbo compound are improved for certain 
pnrpOBes, the Editor will confine himself to those ndul- 
teiutions wliich arc practised by tUc^ native Malays and . 
Chinese traders, and in conscqucnco of which an im- 
pure or inferior article is palmed on the European im- 
porter. 

Tlio fact lliat the native Malays often introduce 
stones, earth, and other impurities, into tlie bloe^ks of 
gutta, to increase their weight, has been already 1 
noticed, and may also be left out of consideration, as I 
these impurities arc often too easily detected, to the 
injury of the machinery of the manufacUirer. Such 
impurities aro also readily eliminated in the process 
of purification. But tJio case is otherwise, when, as 
frequently happens, tlio gutta-percha is mixed with 
other gums of an inferior character. The chief trade 
in the article ds carried on by the Cliineso, who adul- 
terate it witli the valueless juico of a tree called 
Oetah Mahheoya^ which they import from Palein- 
baiig. By this admixture various sorts of gutta- 
percha am obtained, which dilTcr considerably in price. 
Among several samples examined by M. Adiuani, 
one was in cakes of live to six inches thick, and wtis 
darker on the outside than in the interior; another 
was of a very loose structure, and was much contami- 
nated with small stones, but agreed in color, which 
was in general a flesh-red, with the former ; a third 
sample was white, slightly inclined to brown. This 
last piece had been removed as an impurity from a large 
block of gutta-percha, but was found to be in quality per- 
fectly equal to the best gutta, and was afterwards rolled 
mihi tlm matmfactoty of Munnich, Beckk, and Co., 
ipto sheets of the thli^ness of paper, for address cards 
to that flrin* Th% sainciohemist obtained a sample of 


the Getah Malabeflya, imported Falemhang, and 
also a sample of gutta-percha adulh^fed with that 
Bubsiance. The getah, wbach seemed to be also ah 
inspissated milky juice, was imported in to fnm cl 
plates, of about an inch in thickness, of a greyish ooloTy 
somewhat clammy to the touch,, and brittle when 
dried. When cut, it was found of a dirty white color, 
and contained many impuiitics. Like gutta-percha, it 
was dissolved by cldoroform. The vessel in which it 
was contained emitted, on being opened, a disagreeable 
acid smell. Treated like gutta-percha, and purified by 
hot water, it was ipnch darker than the raw substance, 
and often quite black ; the smell was equally offensive, 
and its consistency similar to that of wax or glaziers’ 
putty. The gutta-percha adulterated with the getah 
was of a loose texture, of a more greyish color, and of 
a smell different from that of genuine gutta. In warm 
water the getah became soft and sticky ; treated with 
boiling water, it formed a neutral milky liquid, which 
was precipitated by alcohol. When Ifcilcd with alcohol 
it became glutinous, the alcohol extracting a white fat, 
resembling wax and resin ; ether extracted" also resin. 
Being dissolved in chloroform and filtered, a black 
coloring substance remained behind, which could not 
be dissolved by the usual solvents, and was burnt 
without leaving a residue. It appeared to be nothing 
else but soot. The getali melts at 170'^, and becomes . 
decomposed only at a much higher temperature, wlien 
dark- colored oils are distilled oft'. 

Uses and Applications. — From several processes 
described in connection with the manufacture of gutta- 
percha, and from the list of patents enumerated under 
the head of its corabinationa, et cetera, the reader will 
have seen tliat the substance admits of a vast variety of 
applications ; and, indeed, the mere consideration of its 
singular and valuable properties is suflicient to show 
that the only bar to its almost indefinite extension into 
the arts and uses of life is the considerable j>rico of the 
article, arising from its necessai-ily limited supply com- 
pared with the great demand for it. Its chemical and 
other properties have been already stated, but in now 
proceeding to give a more extended list of its applica- 
tions, it may not bo out of place to remark tliat tliese 
will be found chiefly to depend on the following pecu- 
liarities : — 

1. Its capacity of being moulded by gentle heat and 
pressure into any required form, and of retaining t|ii8 
impressed form when cold, with extreme tenacity. 

2. Its pliability at common temperatures. 

3. Its impermeability to water and other fluids. 

4. Its power of resisting not only the solvent action 
of common liquids, but oven the corrosive action of 
most acids, of caustic alkalies, and alcoholic liquors. 

5. Its valuable property as an insulator or non-con- 
ductor of electricity, in which respect it ranks second 
to no other known substance. 

6. Its singular acoustic properties, as conductor of 

sound. * 

7. Its capacity of combining with sulphur or its com- 
pounds, and being vulcanized like caoutchouc, so as to 
bo unaffected by considerable changes of temperature. 

8. Its aptitude for uniting with vatioufi other sub- 
staries in any required jaroporUon, bo as to produce 
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. c^Mponiids combining remarkable hardness with a ceiv 
iaitt amount of elasticity. 

9* tts power of receiving and retaining the i^rpest 
and finest impressions fironi the die or mould. 

10. Its greaft durability at common temperatures, and 
under almost all agencies. 

To these properties, separately ur conjointly, may be 
traced its peculiar fitness for the following applica* 
tions, namely: For a protection to underground and 
submarine telegraph-wires — a pinpose for which it is 
not less fitted by its pliancy and its resistance to mois- 
ture than by its high insulating power ; for replacing 
the cylinder or disc of electrical machines; for insulat- 
ing handJ(^s and other electrical aj)paratUs ; for tubes to 
convey not only cold water, but acids, alkalies, and other 
coiTOsivo liquids ; for bath-cisterns, buckets, bottles, or 
other vessels ; for lining acid and alkali cisterns formed 
of Wood; baths for photographic purposes, and difioronl 
laboratory apparatos ; sieves and pumps for acid and 
alkaline liquore ; Tunnels, siphons, valves, and stop- 
cocks for corrosive solutions; conversation tubes for 
mines, ships, warehouses, or railways ; Btethos(^(»pes and 
other surgical instmmeuts ; driving-bands for all kinds 
of macliiuery ; rollers, bobbins, ct ceict^a^ hoot-and shoe- 
soles — one of its most extensive applications ; water- 
l)roof clogs for d3’era or inaltmon; horse-trappings; 
-waterproof cases for charts, maps, arms, and such like ; 
noiseless rings for bed and window curtains ; cords for 
window-sashes and blinds ; clothes-lines ; whips ; wa- 
terproof portmanteaus; hats for minors, sailors, carricis, 
et cetera f moulded objects of every description, as fancy 
’ baskets, bTead-tra}Ti, iiik-stands, watch-Btands, clock- 
cases, medals, picture- frames, buttons, tlower-pots, and 
various similar applications. 

The atitlior of the dury Report on the manufactures 
from gutta-percha in the Great Exhibition, saj^s : — It 
is especially in the fabrication of articles for maritime 
use that gutta-percha — resisting, as it docs, the action 
of water, and especially of hiino — appears to be the i 
best adapted. Buoys of every description for anchors, 
nets, et cetera^ have been made of it; sailors^ hats, speak- 
ing trumpets, and the like*. It may be added that even 
fish-nets are formed of gutta-percha cord. It will be 
seen from the preceding enumeration of uses, that the 
decorative art has also taken large advantage of the 
plastic properties of gutta-percha. Various articles of 
furniture, the juices of wliich are so much enhanced by 
carving, arc capable of being reproduced by means of 
pressure, and thus mnltijdied at a comparatively low 
price. ' Writing-tables, work-baskets, ceUra, can be 
produced in gutta-percha, and thus made to combine the 
threefold advantage of lowness of price, elegance of 
form, and absence of fragility. In Uio London Guita- 
„ Percha Comj)any’s Works are made every day 4 great 
quantity of mouldings, friezes, panels, leaves, and 
articles of every de8cri})tion. Tlliese, combined by the 
decorator, and, covered with gilding, which gutta-percha 
takes in perfection, are, in the manufacture of picture- 
frames, and in the decoration of furniture, capable of 
superseding the carving upon wood, which is so costly, 
Orpapief-mach6 and carton-pierro, which present the 
dOfeet of great fragility. 

Btnttse articles have also been reproduced in a%li- 


oitbufl manner. At the Great Exhibitioiii West 
Hatti Gutta-Percha Company, represented by Jlr, 
Hancock, exhibited, among various other 
a beautiful group representing a boar-hunt, OOveted 
with a metaUic coaling in imitation of bronse. The 
author of the Jury Report Remarks, that the elebr* 
ness of tJie qdgos and purity of the fortes Which 
gutta-percha receives in the mould, make it easy 
to understand how this substance has been found 
capable of being uiod for making galy^tib-ifiaatic 
moulds, and how some experiments have been tried 
for the purpose of substituting gutla-peieha in the' 
process of stereotyping, for the metal with whleli at 
the present day the pages of illustrated books are mtil- 
tiplied. Stereotype plates of gutta-percha, With specie 
men impressions, were actually exhibited by the Lon- 
don Gutta-Percha Company, in connection with a largo 
unfinished machine, intoiicled for printing therewith on 
endless paper, which was also to be cut arid folded 
befOTG leaving the machine, the gutta^jiercha types not 
requiring the paper to be damped. It does not appear, 
however, that this application of gutta-percha has l>een 
brought into general nse. Moulded into the form of a 
jawbone, it has been found capable of bolding together 
artificual teeth, and thus advantageously superseding 
those settings in gold which were so costly, and which, 
on account of their absolute rigidity, presented much 
inconvenience. The solution of gutta-percha in oil ol 
to and other solvents, which, by their evaporation, 
leave the gutta uuirijtirod, can be made use of to obtain 
sheets of extreme thinness, which have begun to lio 
extensively used in surgery. But, apart from its use 
as a covering for submarino telegraph wires, and ita 
common apj>lication as a substitute for leather eoles, it 
is more esjiccially to the niimufiicture of tubes and 
chemical utensils for the conveyance and conservation 
of acids, ei cetera^ that gutta-percha seems calculated 
to render the greatest services. 

Statistics. — The imports of gutta-percha into the 
United Kingdom in 1850, amounted to one thousand 
two hundred and fifty tons. The prices vary, accord- 
ing to tlie supply and demand, from fouiqieuce to ono 
shilling and fourjicnce per pound — average, eightpeuce 
— showing the aggregate value of the above imports to 
he equivalent to ninety-two thousand five hundred and 
fifty pounds sterling. The article is manufactured' in 
London, Manchester, and Liverpool. 

HYDROCYANIC ACID . — Acide frmsiqne^ French} 
Berlinerhlamaure^ Ifydrocyamliure^ German ; 
hydroeifanicum vel Latin, — TJiis import > 

tant compound — which, from its animal origin, bat alio 
been named :&ootle add^ and the poisonous prO|)erlies 
of which are, unfortunately, so well knowh-^Os first 
isolated by Sciikklb. Dijssbaoh and DfPfiBl.* In 
1704, discovered Prussian blue. Forty^eight years/ 
afterwards, MACQtnfR found t^ai lime-^iateT /fesbl^d 
this substance into cdbn of «ro»--"'$ei!*quioxide^^ U 
cimlntetihlc coloring which he could notseparaie, 
but which combined with pota8fia,forming;;i?l%f^ft’c^^ 
pfdasm — fciTOcyanide of potassium* GnttON 
viiAU concluded in 1772 that this principle had add 
properties. In the year 1782, succeeded, te 

preparing the aqueous solution of add, which 
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IxQ composed of nmtnoDla, acid of ^ir, and I 

pldogiston. BRRTHOLLB't, in 1787 , described it, in I 
wihilar ietpsi, as oonsistinjg of carbon, bydrogen, and 
nitrogen. Pbouut and Ittkbk discovered several of 
its potnpOttttds, and the latter is s^d to have procured 
gnbydrons hydrocyanic acid by the action of hydro- 
oliorio apid upon ojFanide of mercury, but, being unable 
to cimdense the vapor, he pronounced it to bo a per- 
ini^nentgaa. Oay>Lubsac, however, in 1811 , elfectcd 

li(|uefaction, determined the relative proportions of 
its ultimate elements, and led the way to the intimate 
^owlodge ^nd useful ap])lication of many of its com- 
jiaunds, 

BoUBCEB AJKP PnisnABATiON.— Hydrocyanic acid 
exists, ready -formed, in many vegetal Rubstances; and is 
generated in many others, in which it was formerly 
believed to pre-exist, by the various methods wliich 
were devised for its extinction. The kernels of bitter 
almonds, plums, peaches, apricots, and cherries, the 
loaves and more tender branches of the peach, the 
leaves of the Portugal and cherry laurel, and many 
portions of other vegetala belonging to tlie sub-orders 
Pomcm and Amjgdaha^ when steeped in water for a 
considerable time and then dislilled, yield hydrocyanic 
acid. According to several authorities, amongst whom 
are Lumto and WoiiLBp, the formation of the hydro- 
cyanic acid during the immersion of the vegolal sub- 
atanccjs in water, i« caused by the action of ilie emiihln 
upon the both of which they contain— as a 

fenuont, decomposing the latter into grape-sugar, bitter 
almond oil, and hydrocyanic acid — the latter two passing 
over in the subsequent distillation. 

It is now generally received tluit it is only in the 
more moist of such vegetal structures Umt the acid is 
ready “formed. There have been adverse opinions with 
regard to its presence in the leaves of the cherry laurel; 
GuiiiOcrUT and LKrAGE maintaining that it is formed 
during their immersion, while Wincki.ek holds that 
bitter almond oil containing hydrocyanic acid does 
really exist in the fresh leaves in minute (piantity, which 
* ho believes varies w'ilh the amount of water preHont, 
disappearing entirely when the leaves are exsiccated. 

Hydrocyanic acid is produced in many ways. Ac- 
cording to Fow'NES, when nitrogen gas is passed over 
a mixture of equal parts of pure sugar, charcoal, and 
carbonate of potossa in a porcelain tube at a red heat, 
carbonic oxide, and subsequently nitrogt'n, pass off; 
cyanide of potassium and a carbonaceous mass remaiii- 
ing. When Erdmanis and MARcnANi) repeated thiR 
process with pure materials, and at a moderate red 
heiit, no cyanide was formed ; and even when the tem- 
p^ature was raised to such a degree that vapors of 
potassium were carried off with the carbonic oxide, 
they could discern doubtful traces only : on employing 
carbonate of potossa containing HHlphate, the presence of 
sulphocyanido (rf the alkali was evident. WoHlfr j 
that the production of cyanida of potassium from 
aug^^cbarooaJ, carbonate of potassa, and nitrogen, is 
indubitably ascertained, but it is required ibat the 
tfftrogeti should be at a red heat, and that the tem- 
^ispaturenf l!ho tube «uid its contents should be such that 
potassiuth is volatilized. 

. DeTOSBES has observed, that when nitrogen gtis is 


passed through a mixture of 

nate of potassa, heated to redness^ a small ^uanl^ty of 
cy^idp is generated ; but as wood, contains alboinii|OUs 
matter, and its charcoal is not entirely free from the 
nitrogen might either wholly or in part emapato thence. 

Gmelin, citing tlie experiments of BiEiCBN,'«-in 
which carbonate of potassa mixed with charcoal ob- 
tained from the purest white sugar, and heated in a 
current of nitrogen gas, at a temperature sufficiently 
high to reduce potassium, was conjpletely convertcxl 
into cyanide of the alkali-metal ; in one case so effectu- 
ally that the cyanide did not even effervesce willi 
acids — and taking into considoration the fact, that when 
a mixture of potassium or antimonide of potassium 
with charcoal is heated to full redness in a current of 
nitrogen, not* a trace of cyanide of potassium can ho 
detected, — concludes that tliis formation of cyanogen 
requires not only the presence of free potassium, but at 
the same time a tomperature high enough to separate 
potassium from its oxide. 

When blood, hoofs, horns, and many animal tissues 
are ignited with carbonate of potassa; when blood, 
fats, sugar, gum, starch, and many organic bodies, both 
iiitEpgciious and free from that element, are subjected 
to distillation with nitric acid; and in many other 
iitstances, and by other means, is hydrocyanic acid pro- 
duced. Pereira mentions the statement that cheese, 
when exposed to the action of water and the sun, <iis- 
engagea ammonia, and when treated in this state wiUi 
ulculiol, yields traces of hydrocyanic acid. 

Examples of the formation of hydrocyanic acid having 
been given, it now remains to pass on to its preparation. 
Many methods having this object in view have been 
devised ; some intended to produce the acid anhydrous, 
others, in a dilute state. The former modes will first 
be noticed, conimoncing with that of OaY-Lussac, 
wliich is as ‘under ; - - 

Into a perfectly chiun tubulated glass retort, intro- 
duce a quantity of fmely-powdered cyanide of mercury, 
and then add rather less tJian tlio same w(?ight of 
Jiydroehloric acid, having a specific givivity of about 
1*2. Next adapt to the beak of the reh>rt, in a hori- 
zontal position, a glass tube, about half an inch in 
diameter, and two fijct in length. One third of this, at 
tlie end next the retort, is filled with pieces of marble, 
for the purpose of retaining ^any hydrochloric acid 
which may pass off* with the hydrocyanic acid. To 
the remainder of the tube fragments of fused chloride 
of calcium arc supplied, which jibsorb the aqueous 
vapor. To the outer extremity of tins purification 
tube is adopted a small receiver, eurrounded with R 
freezing mixture. The hydrocyanic acid is cxi>olied 
by moans of heat; but it is advisable not to raise this 
vciy high, as, in that case, too much hydrochloric acid 
might be evolved, and pot only is this a source of incon- 
venience, but, by the disengagement of much carbonic 
acid from the marble, hydrocyanic acid qiay be carried 
off. The use of too largo a quantity pf hydrochloric 
acid is, for the same reason, to be avoided. The re- 
action in this case is thus represented; — 

HgCy 4- HCl Hg€l + H Oy 
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By Vauquelin’s process the cyanide of mercury is 
bttw^lly placed in a long glass tube, terminating, at one 
extremity, in a small receiver surrounded by a freoBing 
mixture, and having attached to the other end a proper 
apparatus for the supply of pure dry sulphide of liydro- 
gon; this gas, on passing over the metallic cyanide, 
liberates its acid, and unites with the mercury to form 
sulphide; thus: — 

HgCy + I^S -I 

of fiull>iiWlo of fajjlpMtli- ot- 

uiercurjr. hyurogetu nu'wmy 

The whole of the cyanide of mercury may bo de- 
composed by gently heating the tube, while the gas is 
still passing tlirough it; but it is better to leave a little 
of the metallic cyanide nndccomposed, the product of 
the operation being thus preserved from contamination 
with the sulphide of hydrogen. 

The last mode of procedure which it will be requisite 
to describe here is that of Tbautw’EII^ Fifteen parts 
of finoly-povrdered ferroc 3 ^anide of potassium arq dis- 
tilled at a gentle heat with nine parts of siilphnric acid, 
previous^ diluted with an equal wciglit of water ; the 
distillate is collected in a well- cooled receiver, contain- 
ing five parts of pure chloride of calcium, broken into 
small pieces. \Vjjeu tJio hydrocyanic acid has ac- 
cumulated in sufficient quantity to cover the chloride of 
calcium, it is poured offi into a well -stoppered glass 
vessel. The cyanide of potassium of the ferroevumide 
is decomposed as in the former two processes ; thus — 


K Cy -{■. no, SO3 = KO, SO3 
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For medical purposes, hydrocyanic acid is always 
omplofed in a dilute state, and as the means fur directly 
obtaining this are preferable and mtu'c certain than 
that of letting down the anhydrous acid with water, 
mjnyhavc been devised. The London Collogo*direct8 
that seven drachms of sulphuric acid be mixed 
with four fluid ounces of water, and when cooled put 
into' a retort; next two ounces of ferrocyanide of 
potassium arc dissolved in ten ounces of water, and 
acklcd. Eight fluid cuinces of water arc then placed in 
a cooled receiver, and lioat being applied to the retort, 
six fluid ounces of aeij^ are distilled over. Lastly, to 
this dilute acid are added six morti fluid ounces of 
water, or so much that one hundred grains of the acid 
are entirely throwui down by 12*50 grains of nitrate of 
silver. Hence, it contains tw’o, or, more exactly, 1*02 
per cent, of real hydrocyanic acid. 

The dilute acid of the Kiliriburgh College contains, 
according to Squire, 3*98, or, according to Dr. Ciiuis- 
TISON, 3*3 per cent, of anhydrous acid. The Dublin 
College has not fixed the strength of the acid proscribed 
in its Pharmapopceia. Squire represents it to contain 
rather more tljan two per cent, of dry acid. 

Everett, in 1835, proposed an entireiy'*ilinbrcnt 
plan for at once preparing the dilute acid. Dr. Pereira 
characterises it as yielding an acid of uniform strength, 
and os being available when the acid is rociuired for 
immediate nse. It consists; in decomposing forty grains 
vf cyanide of silver, with forty minims of dflute hydro- 


chloric acid — spocifle gravity P129 — ^mado up to a 
fluid ounce with water. 

Dr. Clarke has suggested another process • 

Eight and a quarter parts of cyanide of potassium 
are dissolved in one hundred of water, and to this solu- 
tion is added anotlicr of eighteen and a half drachms 
of crystallized tartaric add in twenty of water. Bitar- 
trate of potassa is tlins precipitated, while tlie super- 
natant fluid contains about 2 *8, per cent, of hydrocyonio 
acid, togeUier with traces of bitartrate of potassa held 
in solution. 

Again, a known quantity of cyanide of mercury is 
dissolved in water, and a stream of sulphide of hy- 
drogen passed through the menstruum, which’ is then 
removed from the metallic sulpliide l>y filtration* Vau- 
qurlin directs that tlio excess of sulphide of hydrogen 
should ho thrown down from the solution by means of 
carbonate of lead. According to Bkande, it is difficult 
to obtain a clear and colorless solution by this process 
without the addition of a drop or two of hydrochloric 
acid. 

Composition. — It has already been staled in the 
introductory portion of the present article, that T3 er- 
TiiOLLET ascertained that the ultimate elomentfl of 
hydrocyanic acid were carbon, hydrogen, and nib’O- 
gcn. Gay-Lussac, in 1825, verified this, and, suc- 
ceeding in obtaining the acid in an anliydrous state, 
determined the relative pi-oportions of its constituents, 
with the following results : — 
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riiOpERTiES. — At ordinary tenq)Cratures, anhydrous 
liydroeyanic acid is a clear, limpid fluid, possessing a 
strong penetrating odor — Kiinilar to that evolved when 
hitter iilmondf? arc bruised — and an acrid, sornowhat 
hitler taste. It faintly reddens blue litmus paper, Imt 
the tinge disaj spears as the acid evaporatcft in the air. 
It is so volatile, tliat wlien a drop ia placed upon a 
glass plate, it frticxcs by tlie rapidity of its own evapo- 
ration. With water or alcohol it unites in any degree. 
Its sjiccifio giavjty at 45'’ is 0*705, and at 64^ 0*6%. 
It boils at 79^ or 80°. It congeals at 5° into a flhrouH 
mass, having a great rijsemhlance to cryslalKzed nitrato 
of ammonia. Sf'iiiirTZ states that the perfectly anhy- 
drous acid is still fluid under 0°, and that the solidi* 
ficatioii at 5° is owing to the presence of water. 
Hydrocyanic acid is decompowMj with facility under 
tlie influence of liglit, ammonia being generated, and a 
brown substance, not hitherto examined, deposited; 
this transformation is prevented by the pi’csewoe ©f a 
small quantity of a mineral acid* Concentrated sul- 
pliuric, nitric, and hydrochloric acids decompose it, 
when water is present, into formic acid and oxide of 
ammoiuum, the elements of which it contains; — 


Og UN + 

1 1 v(l Wiry, min It I JhC 


4 no =? c, jio# 

Water. 

N II4 O 


riirmlc n«l«t 


Oxidit of Atimuatuiii. 



FTDTIOGYAJWC AGI1>--T-Pjycw tep*i^CT». 



Aooordit^ to Vm^v^ and G^br, die eame de* 
oomposition of bydrooyamc acid into Conotc acid and 
ammonia uf produced by ihe aotioti of tke fiRod alkalies 
at eleratod temperatures, probably In consequence of 
the predisp<^an^ afSnity of the latter for formic acid 
:%H ]Sr 4 . KO + 4 no rr 

|l}fdlrooyfmle adld. Poiaftna. 

KO, Ca TI Qj -f N H4 0 

FomutUt* «f puUkWM- Animonin. 

Liebig has found that when hydrocyanic acid is 
mixed with sulphide of ammonium, and the liquid 
boated till its color is destroyed, sulpliocyanide of am- 
tnonium is formed, apd this, giving immediately a 
blOod-red hue with salts of sesquioxide of iron, forms 
the basis of a most delicate tost for the acid, which is 
said to be distinctly recognizable, even when only tlio 
three thousand nine hundred and thirtieth part of a 
grain is present in the solution. 

With niti'ate of silver, h3’^droc3^arnc acid gives a pro* 
dpitate, Boluble, on boiling, in nitric acid ; when with 
)K)ta8sa, tlien a mixture of a proto- and sesqui-salt of 
iron, and, subsequently, an excess of hydrochloric 
acid are added U> it, whetlier it is in the dilute or an- 
hydrous state, TruBsian blue is formed. 

Both the anhydrous acid and its vapor are readily 
combustible, buining witli a ruddy flame. The vapor, 
according to Gay-Lussac, has a density of 0*1)476 ; 
when mixed with oxygen, it may be exploded by the 
electric spark, each volume of the former requiring for 
perfect combustion five of the laUtjr, The products 
of tliis metamorphosis are — two volumos of carbonic 
acid, one of nitrogen, and one of water : — 

Tin -b no = 

^ A-— s 

H>{ir0o)‘Aiito Oxym-ii. 

2 COs 4 N 4 iro 

(' urbdixlc avid. MUrufftiti M'ati r 

Tlio vapor mixed with hydrogen is, according to 
Gay-Lussac, but imperfectly doconijH)sed by a succes- 
sion of electric sparks, the gaseous coraj^ound depositing 
a small quantity of charcoal, and perceptibly increasing 
in volume. Om; exjit remarks, that this expansion is not 
vciy easy to account for, unless it be due to the forma- 
tion of carbonic oxide, or hydrogen arising from the 
presence of water. 

Potassium heated in the vapor of the acid unites 
with the cyanogen and liberates hydrogen. 

According to Gay-Lussac, hydrocyanic acid and 
hydrogen slowly produce, with oxide of copper, gaseous 
' cyanogen and water, subcyanide of the metal probably 
beiug formed 

; 2 n Oy 4 2 Cu O Cua Cy 4 

RjrUnMgraiiie ««ld. Oxide of edppt^r. Subc^oiildo of copper. 



. Thfil Bamo, authority asserts, that binoxido of manga- 
nese will absorb a mixture of liydrocj^anic vapor witli 
, hydrogen gas, without separation of cyanogen. 

. PHYBIOI.OGICAL EtTKCTS, et c<Jtera.— Altbouj^ any 
notice, however brief, of the physiological effects of 
hydroeyaniq acid mUt)' appeal to bo irrelevant here, as 
vqta n , * ^ 


beldnging more properly to <016 Kditor 

conceives that, with^ allu^g to It, ^ #otild 
not bo complete, and it may have iteweik ^ 
of the informatton oil the subject be is indMod Jo 
Pereiua. » ' 

Hydrocyanic acid is poisonous to tli© vegbtal as well 
as to the animal kingdom. When the stems of plants, 
possessing irritability, are immersed the acid, they 
lose this property. It prevents the milk of lactescent 
plants from leaving its ccIIb, and deprives seeds gf their 
germinating power. 

Exporimonts have ])eon made on animak generally, 
from the mammalia down to the with hydro- 

cyanic acid. The effects appear to have been similar 
in nearly every instance, Uie animals being convulsed, 
and losing sensation and voluntary motion. 

According to Ghay, however, some larvae of the 
rmmea remained uninjured after two or three days’ 
immersion in the acid. 

Babbits, dogs, €t cetera^ are deprived of lifii by it in 
a few seconds, whether it is administered to them inter- 
nally in the fluid form, or inhaled in the state of vapor. 
Even when a drop is placed on the throat or eye of a 
dog, dcatJx occurs in a very few moments. 

It was first introduced into medicine about the year 
1806 by Uio Italian practitioners, Borda, Brugna- 
TELBi, and IIasoui. Its use in England was much 
furthered by the investigations of Drs, A. T. Thomson 
and Elliotson in 1820 and the subsequent year. It 
ha': been tried as a remedial agent in many affections 
of the pulmonary organa, in derangements of the ner- 
vous system, in hydrophobia, as an anodyne, and as an 
anthelmintic, with questionable success ; and it is now 
employed only for alleviating disorders of the stomach. 
The (lose of course varies with the kind of acid em- 
ployed? Of tlie acid pnjparcd according to theCoudon 
Iliarmacopcxiia, two to 'seven minims may be adminis- 
tered. One to four minims of the acid of the Edin- 
burgh College, or one to five minims of the Dublin 
proj)aration, are accounted a dose. 

When given in medicinal doses, cautiously increased, 
the following effects may, according to J.)r. Pkkkiha, 
bo observed : —A bitter, but peculiar taste ; increased 
secretion of saliva ; irritation in the throat ; frequently 
nausea; disordered and laborious respiration, some- 
tirnes quick, at others slow and deep ; pain in the head, 
giddiness, obscured vision, and sleepiness. In some 
instances faintness is experienced. 

When administered in poisonous doses of moderate 
qiiantit}^, a remarkably bitter taste is experienced im- 
mediately after swallowing tlie acid ; this is soon fol- 
lowed by a sensation of faintness and giddiness, with 
Bidivation, and is succeeded by tetanic convulsions and 
insensibility ; the respiration is difljcult and spasmodic ; 
the odor of the acid may bo recognized in the breath ; 
the pnpils are usually dilated, though sometimes con- 
tiacted ; tlie pulse is small and iraporcoptible. When 
recovery takes place it is usually very rapid, and the 
whole period of suffering seldom exceeds half an hour, 
though there have boon exceptions, in which the i^yinp- 
toms have extended over several houre. 

Wlien hydrocyanic acid is t^on into the hnlnan 

'8t6in in imnioderato quantity, death supervenes so 
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«|>eedily that the symptozDg have scarcely beea observed. 
They are probabl}'^ similar to those noticed in animals, 
m^Uaet^ imperceptible pulse, breathing not obvious; 
or there may be two or tliree deep, hurried inspira- 
tions, iusonsibilky, and death. Oonvulsious may or 
may not present. 

Tho great variation in tlio stitjugth of tli© acid ren- 
ders tmeortain tlxree poirils of inquiry, each in itself 
intoreBtiog; namely, the quantity required to produce 
death, tlm lime at which it begins to operate, and tlie 
period at which it proves fatal. Peculiarities not known 
or understood also affect the result. Very strong acid, 
in lai^e doses, begins to oi)emto very speedily, espe- 
cially if its vapor be inhaled. Tho diluted acid, on the 
other hand; somotimos does not produce any obvious 
effect for sevjoral minutes, and death may not occur for 
nearly half an hour. — Pereira, 

Tho mode in which bydrocyniiic acid acts on the 
human frame is not without interest. Dr. CunisTisoN 
cites the case of Rowquet, whose fingers \vcre be- 
numbed several days in consequence of their being 
exposed to tho vapor of the acid. Hence it appears 
that the acid acts locally on the nerves. From the 
odor of tlie acid being exhaled from animals poisoned 
by it, and from the detoction of it by Kkimer in tho 
blood, it is clear that the poison is absorbed ; but phy- I 
Biologists diiFer os to whether the remote effects' pro- 
dwoed by it are due to al sorption. Dr. Pereira sum.s 
up the arguments which have been adduced in favor of 
this theoiy, as follow 

Firstly ; Tlio acid produces no remote effects when 
npfdied oitlier to the nerves or brain. Secondly : When 
a][]plied to the tongue or stomach, it acts as an ener- 
getic poison, although the nerves of these parts were 
previously divided. Thirdly: Tliut if the acid lie np- 
jdied to«a part where circulation is arrested, the opera- 
tion of the poisonis provented. Fourthly: Tho activity 
of the acid is in proportion to the absorbing powers of 
the part- with which it is placed in contact. Fifthly: A 
sufficient time always elapses between ile application to 
the body and the ffrst H3m7f>tom of its action, to admit 
of its oiwration by absorption. 

The principal antidotos in cases of poisoning by hj^- 
drocyanic aoid are chlorine, ammonia, cold affusi^jn, 
and re^iration by artificial means. Thongli tho latter 
iihould on no accouut. be omitted, yet the first two are 
ODivem^y admitted tp bo the mc&i effiaicious. Chlo- 
vine is given in various forms, as in very dilute aqueous 
solution, of two t-^aspoonfuls may he ad- 

at intervals. Or a Tveak solution of chlor- 
ox’ le of calciiiitt — ^bleachin^ powder — or of chloroxide 
of substitnted for clilorinc water. Chlo- 

riifiega^ largely diluted with common air may be care- 
fully mi^lred by the patient. Ammonia is employed 
iu^iiUe ordinary fluid state, largely emasculated; but 
has been said in favor of the inhalation of tho 
vapor of ammpui^t or its carbonate, as the preferable 
way of employing the volatile alkali. 

Adulteratio?!.— It cannot be positively affirmed 
that hydrocyanic acid is inteution.aJly adultoratml, 
^ongh there is considerable reason to believe that it 
js ^fteu sold in too dilute a state. But, amongst all 
the ntethodfl for its prepara^oh, there are none by 


■which k cm be prepared absoktiily pure iRritlioiit 
use of the utmost precautiontt in every atage ^ 
process. Hence, when due care is wanting, deteriorat- 
ing substances often find their way kom the retort' id 
the receiver in considerable quantity. Agaiti, however 
careful may have been its production, it is Hablo to 
composition if not proj^rly preserved; tliis iS efpodally 
the case when, from recklessness in its proparatiohi 1i 
contains foreign principles ; for these, by their actibh 
on one another, on the acid itself, or from BpontanhouiB 
decomposition, may give rise to a multiplicity of prCh 
ducts, till ultimately tlie acid has completely disap- 
peared, and there remains instead an ollct 
worthless td the owiier, and which, if adminiatelred tjlA 
a remedial agent, might be productive of the Worst 
consequences. 

Pure hydrocyanic acid is entirely volatilized! by Beat* 
Should a residue he left when it is carefully evaporated,, 
it may consist of bitai’trate of potassa, oxide of 
cyanide of mercury, or of other Rubstancea according to? 
tho mode by which it is produced. Thus, tliO acid 
made by Clarke^s method often contains a portion of 
tho first-named siilt ; wdiilc that jircpared according to 
the directions of VAtrQUELiN may be contaminated 
with the latter Biibstnuccs. 

I Tho stronger acids, as snJphurie or hydrochloric, 
arc frequcrilly present. In this case, litmus paper J» 
strongly and permanently reddtuiod ; and wiien a mix- 
ture of c 3 ’'aTjide of mercury witli iodide of pota.SBUun-T- 
fonnod by comniingllng the concentrated solutions of 
these salts, w'lien the double compound fall« in white 
ciy'stalline })]atCR — is added to the suspof^ted licid, tho 
beautiful red iodide of inorcur}'’ is deposited. This test 
occa.sions no change if the hydroc 3 "anic acid he pure. 

Sulphuric acid may bo detected by the addition of 
chloride of barium, which occasions a white precipitate, 
iuBolnhlc in nitric or h 3 'drochloric acid. 

Nitrate of silver causes a piecipitate of cyanide of 
silver; and sliould hydrochloric acid be jiresent, of chlo- 
ride of silver. Tlio formeu — cyanide — is dissolved oti|| 
tho addition of boiling concentrated nitric add, while 
tlie latter remains as a white curdy deposit. 

IIydro(7anio acid containing ammonia soon acquires 
a brown color. When treated with a strong solution 
of potassa in the cold, ammonia is evolved," and may 
he recognized by the smell, and by tlic white vapors 
which are observable when a glaSs stirrer moistened 
with h^'drocbloric acid is placed in immediato contigtrflj^ 
with it. 

The acid prepared by VauquelIn^’s process ftJO- 
quently confaius load. Tikis may be detected by pasSr 
iiig a stream of sul]>lnde of hydrogen tl^rofigh the acid;; 
if lead is present in huge quantity, ft brownisH-WftBft 
deposit is speedily formed; when the amount ift sm^l, 
a brownish coloration only is occasioned. Sulphulio 
acid will likewise throw down a Wlilte pretiipitato of 
sulphate of lead. ; * 

Vauqueun’s acid may also hold cyanide of ih^mu^ 
in solution, if the current of sulpkde of hydrogen were 
not long enough' contiuned in ita propagation. 
detected by saturating the ac^d with this gas, when the 
brown sulphide of mercury is fomed, . 

SYhen tlm hydrocyanic acid has boon pVeparoa, by 
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4iltUl$»g a loetollio oyai^ witii sulphtlrio or hydro* 
chloric acid» formic acid may be mtamad in solution. 
This add reddens litmus more strongly and perma- 
nently than does the pure hydrocyanic acid. On dis- 
solving subosdde of mercury in the acid^ and heating 
the menstruum, the, moi*ouiy is reduced, producing a 
grey cloudiness, from which, when deiKwited, globules 
Cff i^otaiUo mercury may be elicited by friction. Ac- 
^i^iing to Oriobb, if the greater part of the fluid be 
^lly evaporated, die residue reduces suboxide of 
morcuiy 'With efforvcacenoe. 

Should hydrosulphocyanic acid be present in hydro- 
oyanio acid, it, may immediately be discovered, by 
addii^ a salt of sesquioxido of iron, when a fine blood- 
red color, more or less deep, appears. 

Detection and Determination. — The detection 
of hydrocyanic acid is oftentimes of the greatest impor- 
tance, especially in cases of pt»iBoiiiug. Of late years, 
chemistry has, in this respect, given evidence most 
important and incontrovertible. 

In many instances, hydrocyanic acid may bo recog- 
nized by its odor, oven when in a dilute state, when 
surrounded by decaying organic matter, or udieu itself 
partially decomposed. According to Orfila, this test 
is the most delicate one, since, he says, it gives very 
marked indications when those alTordcd by the liquid 
reagents are, only slight. This statement, however, 
must bo received carefully, as much is necessarily 
dependent on the nature of the mixture containing or 
supposed to contain the acid. 

The reaction of caustic potassa, proto- and sesquioxide 
of iron, and hydrochloric acid, upon a fluid containing 
hydrocyanic acid, is a valuable mcjins of detecting the 
latter. The mixture under examination is saturated 
with caustic potassa, and a solution of a proto- and 
sesquisalt of iron is added. The precipitate tlius 
formed may vary in color, according to the quantity of 
potassa or of tlic salts of iron present ; sometimes being 
yellowish, at otliers blue, and again, partaking of both 
hues, being green. Whatever be the tint, it is imme- 
diately changed to that of Pnissiau hluc, on the addi- 
tion of a little hydrochloric acid. , Caro must be taken 
not to employ too much potasstv, which would prevent 
the dbvolopincnt of the Pnissian hluc. 

Nitrate of silver also indicates with groat delicacy 
the presence of hydrocyanic acid, causing a white floc- 
culent precipitate, soluble in boiling concentrated nitric 
acid, The latter property distinguishes it from the 
chloride of silver, which it much, resembles. Should 
further proof be required that the deposited compound 
is the cyanide, it may be carefully dried, introduced 
into a glass tube, and heated in the flame of a spirit 
lamp. Cyanogen gas is evolved, and tliis is readily 
combustible, burning with a purplish flame. 

The discovery of Liebig, that when hydrocyanic 
aeid was mixed uitli sulphide of ammonium, and sub- 
jected to a moderate degree of heat, a compound — 
fltdphooyanide of ammonium — ^was formed, which pos- 
set^ the property of giving an intense l>lood-red color 
wlt^ .tbe iK^squisaJts of iron, afforded a test for hj'dro- 
oyimte add, which is equal, if not Buj>Qrior, to any at 
present known. Dr, Fbrbiba rmjjarks i-r-WImn tlie 
add h! quantity, and mixed with solids, or 


fluids, partially decomposed, then a iflodllicataon of this 
tost will enable one to detect a quant% iff thp poison 
which, from its minuteness, and from the absence of 
the usual odor, might othervdse escape notice, fids 
ahghtly varied method is as follows <^lntroduoe the 
poisoned liquid or solid into a beeScer or other similar 
vessel, which it should flU to witiiiin half an inch of the 
brim. Place upon a large watch-glass, which fits with 
tolerable accuracy to the beaker, two or three drops of 
sulphide of ammonium, containing an excess of sulphur, 
aud invert it over the liquid. In throe or four minutes, 
tlio watch-glass may be removed, and the moistened 
spot dried, with care and very gently, over a spirit- 
lamp or sand-bath. A white film remains, which may 
be either sulphur — resulting from the evaporation of 
the sulpliide of ammonium— -or sulpbocyanide of am- 
monium, formed by the action of hydrocyanic acid, in 
the suspected liquid, upon the sulphide of the volatile 
alkali. In the latter case, the film will have a crystal- 
line character, which, if not visible to the unassisted 
eye, may be detected by means of a microscope. 
Further, tlio film, if of sulphur merely, is not affected 
when moistened with water, and treated with a drop of 
sesquichlorido of iron ; whereas, when it consists of 
sulpbocyanide of ammonium, the ferruginous sesquisalt 
immediately occasions a blood-red color, which is dis- 
charged upon the addition of a few drops of a solution 
of chloride of mercury. Should the film upon the 
watch-glass have a yellowish color, it is probably sal* 
phido of ammonium, in which case the iron salt will 
give a black precipitate of sulphide of iron, thus show- 
ing that the evaporation has not been suflicient. 

It sliould bo observed, that both the Prussian blue 
and the nitrate of silver testa should be applied, 
when the suspected substance, as in cases of poisoning, 
contain^ foreign matters upon a distillate. Thus, if 
the contents of a stomach are under examination, they 
are introduced into a tubulated retort, and one-half 
distilled by moans of a vapor or water-bath. Should 
the substance bo alkafino—soon known by ap})lying 
red litmus paper, which is at once colored blue — it 
may bo owing to the generation of ammonia by putre- 
factive decomposition, and it is advisable to introduce a 
few drops of sulphuric acid into the retort along with 
tlio matters to be distilled. 

It has been suggested that hydrocyanic add may be 
formed durbig the distillation of organic matters. Dr. 
OiiRiSTisON rightly remarks that this objection appears 
only to rest on conjecture or presumption. The Editor 
would advise in all cuscs of importance, that the sul- 
phur test, as modified by Dr. Pereira, and given 
above, should be first resorted to, and then the other 
tests may be proceeded with upon the original sub- 
stance or a distillate from it. as its nature may rondei: 
advisable, without risk of error. 

Tiie determination of hydrocyanic, acid, which now 
presents itself to notice, is often of considerable impor- 
tance, but never more so than when it is required to 
know the strength of an acid for medicinal purposes. 
Formerly, tlm density and the strength of the acid 
wore supposed to be proportional^ and Dr^ *Cbb c«m- 
structed a table of specific gravities and corresponding 
strengths ; but it has sinoe appeared that these are 
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fijjiaclous. Ho subsequently proposed the Mowing 
inethod; — AVeigh out a portion of the hydrocyanic 
acid, and add, by degrees, a known quantity of rod 
oxide of mercuiy, agitating the menstriuim after oacli 
addition, till it is no longer dissolved, and the odor of 
the acid has disappeared. By weighing the remaining 
oxide, the quantity employed is known, and since one 
hundred and eight parts of oxide require iwonty-sevon 
of anhydrous hydrocyanic acid for its liquefaction, the 
proportion of the latter is readily calculated. But 
Ddflos has shown that the cyanide of mercury first 
formed is capable of taking up more oxide, even at 
ordinary temperatures, so that this method gives too 
much acid, especially if the liquid is not kept quite 
cool, and the addition of oxide stopped as soon as the 
odor of hydrocyanic acid has disappeared. Care, too, 
must be taken that the acid is perfectly free from 
hydroddoric acid, which also dissolves the protoxide 
of mercury. In this case, Geoghegan neiitralisies 
the hydrochloric acid with carbonate of lime before 
adding the oxide. 

Tile last-mentioned chemist has directed, for the 
estimation of prussic acid, that nitrate of silver mixed 
with a small quantity of ammonia — so that the liquid 
after precipitiitiou may be rather acid than alkaline — 
should be dropped into a known quantity of the acid, 
as long as a precipitate is produced. This is collected 
on a previously dried and tared filter, well edulcorated, 
dried at 212®, and weighed. One hundi*ed and thirty- 
five parts of cyanide of mercury represent twenty- 
seven of the anhydrous acid. 

Perh.'ipa the most elegant mode of deterininiug 
hydrocyanic acid is that last suggested by Liebig, and 
based upon the property of cyanide of potassium of 
dissolving chloride of silver, bo as to produce a double 
cyanide containing an equivalent each of the cyatiides 
of silver and potassium. The hydrocyanic acid is 
supersaturated with potassa, and mixed with a few 
drops of a solution of chloride of sodium ; nitrate of 
silver is then added, until a permanent precipitiitc is 
produced. The proportion of the silver in the dissolved 
uittate being known, tlie amount of hydrocyanic acid 
is readily calculated, since it is in the exact proportion 
pf two equivalents to one of the silver consumed : thus 
sup})osing eighty-five grains of nitrate to have boon 
used, which are equivalent to fifty-four of the meUd, 
half the latter number — twenty-seven — will bo the 
number of grains of anhydrous liydrocyanic acid pre- 
sent in the weiglicd portion operated upon. This nice 
rdethod is also applicable for the estimation of the acid 
in cherry-laurel water, et cehra. 

INK. — Encre, French; TintCy German; Atramm- 
tiurriy Latin. — Lik, according to the purposes for which 
it is intended, is found in different forms. Writing 
ink, which is of various colors, is liquid, and may he 
cither a clear fluid, as ordinary red ink, or rqay consist 
of a finely-divided precipitate equally difliised through 
the monstnium, as in common black ink. I^rinting ink 
is likewise of divers hues, but has n pasty consistence. 
The form of ink known as Indiany which is employed 
more especially as a water-color, is in solid cakes. 

Tlie present subject will he treated of in the follow- 
ing order:— 


1. WritingMnks, which are either eofemii jift lilaofc, 

red, blue, green, and violet; or that is, 

those which are colorless wlicn committed to paper, as 
also when dried, hut, by the application of ' heat, mois- 
ture, or of some compound which may be said to act 
as a mordant, they become visible, arid are then either 
permanent or fugitive; ih the latter case, the tint 
being generally caused to reappear by again applying 
the suitable means. 

Besides these may he noticed the lithographic 
fer inks, some kinds of which are used with the pen, 
and must consequently be included under tliis first 
class. 

2. Printhfj Inks , — These, in all tiioir numorotiB 
diversities of color and consistence, will he considered 
wuth reference to the purposes to* which they are 
applied, as for letterpress, lithographic, and copperplate 
printing. 

WRITING INKS. — There are few chemical pre- 
parations, perhaps none, of which the benefit in 
civilized life is so great, or of which the use is so 
widely extended, as that of common writing ink ; 
consequently, there is no compound the quality of 
which it is so necessary to inquire into ; and yet there 
is perhaps no subject which, up to a comparatively 
recent period, has been more lujgleotod by chemists. 

Before Lewis, towiuds the close of the last century, 
directed his attention to the subject, no author appears 
to have particularly applied himself to inquire into the 
theory of the composition of ink, or to bring it to per- 
fection. All that is to be found in tl}e works of 
previous writers, consists merely of formulce for various 
kinds of ink, wbieli, being composed without any 
attention to chemical laws, were more or less defective ; 
so that it may be tndy said, that until the lime of 
Lewis, the preparation of writing fluids, the properties 
of which it is so essential to attend to, was left entirely 
to chance, or to empirical prescriptions. 

It is indeed true, that fjome good kinds of ink have 
been discovered by accident ; but those who devised 
them kept their composition secret, so that the public 
were cither obliged to purcliaso those inks from the 
iiivonturs, or to make use of such as were inferior in 
quality, and more or less perishable. 

Ordinary black writing ink is now made from galls, 
sulphate of iron, green copperas, and gum. Otlier 
substances may be and ofUm are employed, but those 
just named are the only requisite, and the ,})est 
materials. 

The arxnent inks, according to the opinions of most 
writers, were ‘similar to the Indian or ChineBO ink of 
the present day. Plxnv and ViTttUViUS allude to it 
as a combination of soot or lamp-black, with glue or 
gum ; DioscfuirDES even mentioDB tim proportions 
of three of the former to one of the latter. To tiieso, 
according to Borne authors, the liquor oxtrad^d fmm 
the cuttle-fish wa« added. When this could not be 
obtained, or from other cauaes, it is evident that some of 
the modem sulphurised ingredients were added by the 
ancients; many (l^k and Homan manuscripts erased by 
the monks having been found to retain au ranch of ilie 
vitriolic principle sg to become again legible on tbemp- 
plication of chemical Bntamdca^ 
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SfcilVvety t6fcl!y ^eftoito kuowle^«of imci<mt 
writmg iuka can be obtained) and the E4itor will there- 
fore ooniiiio his attention to, the modem ones. 

Dr. Lewis, already mentioned, found that e<iaal 
weights of galls and sulphate of iron gave an ink, 
which, although 6f a good color when used, Bubsequcntly 
became yellowish-brown ; that as the qxiantity of sul- 
|»hate was increasod, the inks were less durable in 
color, and that those in which the galls predominated, 
wdre most |> 0 !r 8 istent. The proportions which he 
deemed best were 

Pewdofed siilphato of iron, 1 ounce. 

O round logwood, I * ‘ 

Baiised ^la, i “ 

Gimvarabic,,. . , , I “ 

Wfaito wino, or acetic acid, 1 quart. 

Ho found that, although water answered for all 
ordinary purposes, white wiue gave a deeper-colored 
product, and the ink made with acetic acid was still 
blacker. Alcohol was injurious to tbo hue, causing a 
deposition of the tinctorial precipitate. A decoction 
of logwood, substituted for w’ater, improved the black 
both in richness and depth of tint. He directs the 
materials to l>c put into a glinss, earthenware, or other 
non-metallic vessel, and the mixture agittUed four or 
live times eveiy day. In ten or twelve days it is ready 
for use — if i>lacod in a warm situation, considerably 
earlier; but if the iuk is allowed to remain on tlio 
materiel, it continues to improve for a lengthened 
period. When decanletl, it may bo kept in good 
order with greater certainty, if a few broken— not 
bruised — galls, and two or three fragments of iron, are 
placed in it. 

Lewis preferred distilled or rain water in making 
ink, but 8j)nng water containing calcareous salts is 
better adapted for the purpose. Some nmiarks on this 
subject, extracted h’ora Napier, have bcerx inserted in 
the article Dyeing. — Sec Vol. I., page 584. 

BinAiJCOlijtT, who devoted much attention to the 
manufacture of inks, and published an extended paper 
in the Ajinales de Chimic, in the year 1798, observes : — 
None of the irigrodionts of iuk should be in excess. If 
there be a doficioncy of gulls, a portion of the sul[)hato 
of iron will not bo decomposed ; if, on the contrary, 
the galls are an excess, the feiToiis sulphate will take 
as much as it can decompose, but the remainder will 
be nearly in tbo state of decoction of galls, subject to 
ebango by becoming mouldy, or undergoing a trans- 
mutation after tbo ink has been used, destroying the 
legibility of the writing much more compleiely than 
would be the case wore tlie sulphate of iron present 
in too large quantity. lie further considers it doubtful 
whether tlie principles of galls are extracted by mere 
maceration, and says that inks thus made always How 
pale from the pen, and fere never of so deep a black as 
thoft^^ the manufacture of which the galls have l>een 
subjected to a long-continued boiling. The following 
recipe was devised by Biuaucourt, as affording a good 
Writing fluid 

' Boil eight ounces of coai-sely-pulvorized Aleppo galls 
and four ounces of thin logwood chips in twelve pounds 
of water for one hour, or until half the liquid is evapo- 
rated. Pass the doqpotion through a hair-sieve or 


linen cloth, and then add four ouute of ntdpl^te of 
iron, throe ounces of gum-arabic, one dHihce 
of copper,, and one ounce of sugar-candll^. 
mixture till the whole is dissolved, and it at !)peat 

for twenty-four hours; then decant the mk, and ]^^ 
serve it in well-stopped stoneware or glass bottles^ 

In making good writing ink, lemorks Profess^ 
Biunde, the great object is to regulate the proportion 
of sulphate of iron to the galls. If the former be in 
excess, aldiough tbo ink may at first appear black, it 
becomes subsequently brown and yellow. Hence, 
some time should elapse before ink is used, after the 
ingiodients are put together, in order to be tested from 
time to time, and the combinations perfectly regiilated. 
The gum is added to retain the coloring matter in sus- 
pension, to prevent too great fluidity in the writing, 
and to protect the organic matter from decomposition. 

If tlie paper has been made from inferior rags, 
bleached by an excess of chlorine, ink deposited upon 
it, however good, will be ultimately discolored. An 
excellent product is obtained as follows : — 

Boil six ounces of finely-bruised Aleppo galls in six 
pints of water ; then add four ounces of clean and well 
crystallized sulphate of iron, and four ounces of gum- 
arabic. Keep tlio whole in a wooden or glass vessel, 
occasionally shaken. In two months, strain, and pour 
off tlie ink into glas-s bottles, — Ih'ande, 

Dr. Ure directs that twelve pounds of bruised gulls 
be put into a cylindrical copper, of a depth equal to its 
diameter, and boiled, during three hours, with nine 
gallons of water, taking care to replace at intervals 
what iftiiy be dissipated by evaporation. Tbo decoc- 
tion is then to bo emptied into a tub, allowed to settle, 
and the su})crstratum of liquid having been drawn off, 
the marc is to be drained. Some recommend the 
addition of a little bullock’s blood or white of egg, to 
rOrnovc a portion of the tanniu ; but this abstraction, 
says Ure, tends to lessen the product, and will seldom 
bo practised by the manufacturer intent upon a largo 
return for his capital. Five poimds of giim-senogal are 
next disvsolved in a small quantify of hot water, and the 
mucilage thus formed, being filtered, is added to the 
clear decoction. Five pounds of sulphate of iron are 
now dissolved in as small a quantity of water as possible, 
and added. The color darkens by degrees, in conse- 
quence of tlic oxidation of the iron, on exposing the 
ink to the action of the air ; when a moderately deep 
tint has been obtained, it should be drawn off clear into 
bottles, and well corked up. Dr. Ure prefers digesting, 
rather than boiling, the galls. 

The following prescription is given in the seventh 
volume of the PJiarnuioeutical Journal : — 

Galls, bruisctl 2f pounds. 

Snlphato of iioii, 5 

Gum-arabic, • 4 “ 

Water, 12 gallons. 


Creosote,.. 


Boil the galls in three-fourths of tlio water for an liontj 
tliou strain. Liquefy the gum in twice its weigiit of 
hot water, and add it to the decoction. Dissolve tiie 
copperas in the roraaindor of the water^ mix tlie liquors 
together, and finally stir in the creosote. It is very 
evident that in this reoi^ there is a great deficiency pi 
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; t)tharwbe, thd quantity of sulphate uf iron slxould 
^ oonsidei’abJy reduced. Tlie crooso^ is added as a 
pmveutive of mould, for which it is most efifioieut. 
Booth gives the following formulae: — For superior 
hlack ink, take twelve pounds Aleppo galls, four pounds 
sulphate of iron, throe aud a half pounds of gum, and 
eighteen gallons of water. Feur a fine exchequer ink, 
forty pounds of Aleppo galls, mne pounds of sulphate 
of iron, ten pounds of gum, and forty-five gallons of 
water. In both tlieso cases, it is directed that the 
bruised galls be exliausted by three consecutive boilings, 
each timo^difflinis}iiI^g tlie quantity of water, and sup- 
plying, by fresh addition, any loss by evaporation. 
The copjicras and gum in solution are added to tlie 
strained decoction of galls, whilst both are yet warm, 
and tlie whole is avowed to repose for several weeks, 
when tlie fluid is drawn ofl' from the sediment. A few 
cloves, or some drops of creosote are added, to prevent 
any parasitic growth. 

Bkh) gave, in the Pidloaoptiical TmmaetioiiB of 
1827, among many valuable observations which will 
subsequently be noticed in this article, the following 
proportions : — 

Qrtlls, 1 pouml. 

Sulphate of iron 3 ounces, 64 strains. 

Gum, S otmccs, 64 graiini. 

Waur, 3 ijuarU. 

The galls are to be boiled with three pints of water till 
a quart of decoction remains ; it is then poured oiF, the 
remainder of the water added, and ebullition conliuued 
until again a quart only is left The two mcnsti-ua are 
tlion mixed, and tlic other ingredients dissolved in 
them; the whole is allowod to rest for twenty-four 
hours, when the fluid ink is poured of!‘, and retuinotl for 
use. 

By another method, Ueid makes the decoction of 
galls as above directed, aud cxjioscs it freely to the iiir 
for ten days, agilating it two or three times each day. 
By this means much of the tannin is converted into 
gallic acid. To each quart of the decoction, add three 
and a half pints of W'ater, nine ounces of sulphate of 
iron, and the same quantity of gum. The deposit 
which forms may, after three days, be eejiarated, when 
the ink is fit for use. 

Again, one pound of galls is exhausted as first 
directed, and the tannin of the decoction changed, by 
exposure, into gallic acid, as in the last insttince. The 
menstruum is then mixed with a saturated solution of 
logwood, freshly made by boiling a pound and a half 
of the chips in five quarts of water, till the quantity is 
reduced to seven pints ; eighteen ounces of suljihate of 
iron, ^nd as many of gum, are dissolved in this mixed 
li ^uid ; the whole is allowed to stand for two or three 
days, and the ink is then decanted from the sedimemt. 

An attempt as formerly made to prepare ink by 
macerating iron filings in an infusion of galJvS; but 
though the resulting liquid was of the reqtiired hue, 
the writing pro()|jced witli it was totally devoid of per- 
manenoy, and was, readily waalicd from the paper. 

Japan ink is mode as otlier inks, but the Biilphate of 
irqipt is p^tidised by roasting. This ink is intensely 
W a d fc when written with, but die color does not reUjn 
i|8 dqpth or lustre. Bewdes these disadventsges, it 


clogs the pen, and is, alioge^e?) £ar being 
of recommendation, " ’ ^ 

Before giving tho formrflas for, or jhiM 

prepared from otiier tlian the ordinary 
may be well to introduce here some tenxarks St 
paper presented by Dr. Bostock, in ihC year 1630^ to 
the Society of Ails, which, though containing 
haps a few slight inaccuracies, is indicatiye of no 
amount of research and ombodying, as it does 'to* a 
great extent, tho Bditoris views, he does not consider 
any apology for its length to be requisite. Dr^ Bos^ 
TOOK says : — 

When tho sulphate of iron and the infusion of galls 
are mixed, for the purpose of forming ink< It may be 
presumed that the metallic oxide enters Into cmnHna-' 
tion with at least four proximate vegetal principles, 
which constitute the bulk of the soluble portion of 
galls, namely, gallic and tannic acids, mucilago, and 
exti’active matter. Two of these, the gallic acid and 
tannin, are more especially necessary to the constitu- 
tion of ink, which is considered by some of tho bp«t 
chemists to be essentially a tiinno-gaiiate of iron. It is 
also laid clown, that the sesquioxide of iron alone pos- 
sesses tho property of forming the compound which 
constitutes black ink, and Oiat the substance of the 
hitter is mechanically suspended, rather than dissolved 
in it 

Ink, as it is usually prepared, is diiqjosed to undei^o 
certain changes, which considerably impair its value ; 
of these tho tlireo following arc the most important 
its tendency to moulding; tho liability of tlio black 
matter to separate from the (hiid, the ink then becom- 
ing what is termed ropij ; and its loss of color, the 
black first changing to brown, and at length almost 
entirely disappearing. 

Besides these, there are objects of minor importance 
to bo attended to in the formation of ink. Its con- 
sistence should be such that it will easily flow from the 
pen, witliout being so fluid as to blur tho paper, or bo 
adhesive as to clog the pen, and to be long in drying. 
The shade of color is not to be dr<?reganied ; a black, 
approaching to blue, is generally prefeiTod to a browner 
ink ; and a dogi ee of lustre or glossiness, if compatible 
with the due spissitndo of tho fluid, tends to render llio 
characters moro legible and beautiful. 

With roKjiect to the ehernicJil constitution of 
Dr. Bosiouk remarks that although, as usually pre^ 
pared, it is a combination of the metallic salt or oxide 
with tannic and gallic acJcls, mucilage, and extractive 
matter ; yet the last three of tbto, so far from boing 
essential, are, witiiout doubt, the principal cause of the 
diflii5ulty wliich is encountered in tho formation ef a 
perfect and durable ink. Ho iHustrated this point by 
a series of exfrcrimonts. Having prcpariekl an infusion 
of galls, a portion of it was ex^iosed to tho atmoBphore 
in a shallow capsule, until it was c<rvered with a ||hiok 
fitraiuin of mould; tliis being removed by B!tTat4on, 
and tho proper proportion of sulphate trf iron added to 
tho clear fluid, a compound was fortood of a deep black 
hue, which sliowed no further tendency to foul, and ' 
which remained for a long time without undeigbif^ ' 
airy furUier alteration. 

Another portion of the same infusion of galls had a 
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iginglw »dded% 1% tmtil a precipitate wa$ 
m longer cfccationed ; by adding enlpbate of iron to 
|be filtered )i({m4v ^ 1>1^^ oompotmd was produced, 
wtoh, altbongb pker than that made from the entire 
appeared to b® a perfect and durable ink. 

, Lastlyi^ a pc^tion of the infusion of galls was sub- 
le^d to eOtttinaed ebullition ^ by which moans part of 
Its 'intents becatue insoluble ; tlm menstruum was 
and sulphate of iron added to the filtrate, pro- 
du^g a good aujd permanent ink. 

Pr. "]^>sTOCi£ presumes that the throe causes of de- 
terioration in writing fluids, the fungoid growth, the 
ftttbsidence of the black compound, and the loss of color, 
are dependent upon the operation of dUrorent proxi- 
mate prmctplcs : the first change he as<;ribo8 to the 
muctlage ; the second to the extractive matter, from 
Che property which it posscRsee of forming insoluble 
oompounda with mehillic oxides ; the third ho believes 
to 1)6 owing to the hinnic acid, which probably, in tlio 
first instance, forms a triple compound with the gallic 
acid and the iron, and that, in consequence of the de- 
composition of the tannin, this body is subscqucnfly 
deatroyod. Owing to the difficulty, if not impossibility 
of depriving tlie infusion of galls of any one of its ingre- 
dient^ without, in some degree, afiecting the otliers, 
the last-named authority was unable to obtain any re- 
sults which coTild bo considered decisive ; but experi- 
ments led him to conohide that, in proportion as ink 
consists merely of tlie gallate of iron, it is less liable to 
decomposition, or to experience any kind of metamor- 
phosis. 

Dr, BoSTOCic'a summary is as follows : — In oixler to 
procure an ink which may be little disposed either to 
mould or to deposit its contents, and which, at the 
same time, may possess a deep bla<'k hue not liable to 
fade, the galls should be macoraleti for some hours in 
hot water, and llic fluid filtered ; the filtrate should be 
tiien exposed for 'about fourteen days to a warm atmo- 
sphere, when any fungoid growth that may be observet! 
must be removed, A solution of sulphate of iron is 
to bo employed wliich has been boiled, or exposed 
for some time to the ab\ and in which tliere is conse- 
quently an admixture of ses^juioxide of iron. If the 
infusion of galls be made considerably stronger than is 
generally directed, tiio ink formed in this manner will 
not necessarily require the addition of a mucilaginous 
substance to render it of a proper ootjsistence. 

Dr, Bostock adds further, in tlie Transactions of the 
Society of Afis^ tliat one of the beat fluids for diluting 
ink, if it be, in the first instance, too thick for use, or 
if it aftmwards become so by evaporation, is a strong 
decoction of coffee, which does not appear to occasion 
the decomposition of the ink, while it improves its hue, 
and gives it an additional lustre. 

The black color produced by galls in union witli sul- 
phate , of iron, although faulty from its disposition to . 
precipftato and decompose, was, from its being tlie o»ily 
khom method of making iiM|kck tinctorial solution, 
tliip sob article used durmg a^|y considerable period 
lb? ^ktramout^ purposos. To mosc whose chief cm- 1 
consisted in writing, copying, ct tiie ! 

basi debot in the iidc caused a more or less serious 
to Jtheir )ahor, and the improvements made in 


this ffuM may, therefore, be as te«d and 

valuable boikeflib* ' 

A semi-colored solution, such as v^ere'iibe old brro- 
gallic inks, requiring the addition of gumjto lO^eveiit the 
deposition of tlie tinctorial matter, was ei^OCiaBy 
to thicken, and flow tardily from the pen: tins b milfcty 
weather, when evaporation is rapid, became espe^^y 1 
irksome. The introduction of the steel pen made these 
imperfections more manifest, causing a greater liability 
in the ink to concrete and deposit its coloring matter. 

Writing inks were in this state when tlie improve- 
ments introduced by Mr. IIenhy Stephen^ of Lon- 
don first appeared. This gentleman, applying the 
knowledge of chemistry which he obtained in hiS 
studies for the medical profession, to which ho once 
belonged, engaged in extensive and successful re- 
searches tipou atramenlal fluids. 

The flrst improvement introduced by him consisted of 
a bhie liquid, which had the staitling novelty of becom- 
ing intensely black in a few hours after its deposition on 
the paper. It liad the gieat recommendation of perfect 
fluidity, and the ease with which it was transferred from 
pen h) paper, coupled with its ready but tenacious com- 
bination with the latter, wore, at that time, considered 
really remarkable. This now celebrated writing fluid is 
a tanno-galkte of iron dissolved in sulphate of indigo ; 
the common ferro-gallic writing inks consist of a liquid 
in which the tinctorial matter is suspended by means 
of gum, while in this the color is in complete solution. 

ItUNGK, after endeavoring for a long time to find a 
block fluid possessing the properties of forming no de- 
posit, of adhering strongly to the paper, of being unaf- 
fected by acids, and, lastly, of neither acting nor being 
acted upon by steel pens, succeeded after many experi- 
ments. The composition lias the advantages of being 
very simple and exceedingly cheap. It is prepared by 
adding one part of chromate of potaasn to one thousand 
parts of a saturated solution of logwood, made by boil- 
ing twenty- two pounds of logwood in a siilficient quan- 
tity of water to give fourteen gallons of decoction ; to 
this menstruum, when cold, the chromate is gradually 
added, and the mixture well stirred. I'lie addition of 
gum is in jurious. In the preparation of ill is ink, it 
must ho remembered tiaat the chromate, not the bichro- 
mate, of potassa is employed, and great care is requi- 
site to insure the duo adjustment of the relative pro- 
portions of the ingredients used. The best way is to 
make the decoction of logwood, and gradually add to it, 
well stirring tlie mixture, as much sohttion of chromate 
as will give tlio desired shade. 

It ftjipcars astonishing, says IIongk, what a email 
quantity of chromate of potassa is required to convert 
a large amount of decoction pf log^vopd into a black 
writing tluid; tlie fact is, however, certain, and euro 
must bo taken not to allow the proportion of chrome 
salt to exceed one part for one tliousand parts of dococ* 
tion of logwood, as a larger quantity exercises a preju- 
dicial oflbet in destroying the tinctoijal 'matter of the 
liquid, whilst, in the proportion above meutionod, a 
deep blue-black writing ink is formed, wbicli, uiiUke 
the ink made with tanno-galLate of iron, is perfep% 
fluid, forming no deposit. This fluid possessea anoll||r 
advantage; tiiO paper which has been written uj^ 



iwiHi it may be washed with a sponge, or be loft twenty* 
four hours under water, without the mallte beitig erased. 
Weak acids do not destroy tiie writing, nor do they 
even change the shade, whilst tiiat made from galls is 
effkced, and the ink made with logwood and sulphate 
of iron is turned red. 

It is especially necessary, in using this atramontul 
fluid, that the stool pens should bo well cleansed from 
die greasy matter with which, when new, they are 
always coated. This may either be done in tho usual 
way, by moislciuDg them wuth saliva, and suhsequently' 
washing them with water ; or, preferably, by applying 
to them an alkaline solution. Runge used this ink for 
two years without his steel pons being in tho least 
affected, either by being crusted, or clogged with solid 
matter, or by becoming rusty. 

Professor Traill has proposed a formula for ink ns 
follows : — Gluten, obtained in the ordinary way, is kept 
from twenty-four to thirty-six hours in water, and is 
then digested in acetic acid having the specific gravity 
1‘033 or 1*034, in the proportion of throe parts of 
gluten to twenty parts of the acid. By the aid of a 
gentle heat, a grc 3 ush- white, saponaceous fluid, whic^h 
may ho kept for some time, is obtained. From eight 
to twelve grains of the finest lamp-black, and two grains 
of indigo, form the coloring matter for each fluid ounce 
of the vehicle, wdth which it must be thoroughl)" in- 
corporated. An agreeable aroma may be coranumi- 
cated by digesting bruised cloves, pimento, or cinna- 
mon, in a portion of tho original acid. This ink may 
l>e used with a steel pen, but sliould not be loft irj it, 
and the pan should bo waslied after use ; it is not cal- 
culated for wi-itliig on parchment . — Edinburgh Philo- 
sophical TransnetionH. 

Mr. Hunky Stephens has invented an indelible 
carbon ink, which, if at all equalled, is certainly not 
surpassed. Ilis process is as follows : — 

Take common carbonated alkali, or the potassa or 
soda of commerce, or ammonia, or some oilier alkaline 
compound, and mix it with resinous matter, — as kIujII- 
lac or common resin, — in about equal proportions ; «tlion 
add water according to the required strength of the 
solution, and boil the whole until the resinous substance, 
or the greater portion of it, has dissolved ; next mix 
the necessary quantity of fine lamp-hhick with this 
solution. A black liquid will thus be produced, which 
may be mixed with other suitable colored solutions, to 
form an in<ieliblo ink. Sticli tinctorial matter as is 
soluble ill alkali, will best assimilate w'ith tliis com- 
position. 

A. recipe for an indelible carbon ink, published ia 
;hG j^car 1845, by llERniCRGEu, is perfectly identical 
with that of Dr. Traill just given. 

Dr. Norhawdy has 8ugge.sted an indelible writing 
ink, which cannot bo obliterated or defaced by any 
known cbetttlcal agent. Twenty-four pounds of I^rank- 
fort black must be ground with mucilage — formed by 
adding twenty 'pounds of gum to sixty gallons of water 
— ^and the mixture strained through a coarse flannel, 
or passed through a funnel the tube of which is closed 
by a sponge ; four pounds of oxalic acid are then a<ld<!td, 
together witli as much decoction of cochineal and snl- 
’ pMte of indigo as will give tho required shade. 


Many substitutes for gal^'fe the 
have been snggeBted— principally jbr Ihe Itoke 0f 
nomy. ..Those of Dr. Normandy M. (JiftOND aiU' 
most worthy of notice. The former cbetniSt etUpbya’ 
sumach, dm wood, elder, cliestniit, beech, willow, da% 
plum, sycamore, cherry, poplar wood, catechti» br 
oth(3r ligneous mattes or berry, or extrad; of 
substances, containing gallic acid and tannin, or eiliier 
of these princijdea. In making idk by this 
which is patented, the bark, wood, or berry, as tho 
case maybe, is reduced to powder, and boiled with 
water until a sufficiently strong decoction has been ob- 
tained, Tho quail lity of water must vary, of course, * 
according to the sort of vegetal substance employed; 
thus sumach will demand more water than catechu, on 
account of the latter being almost wholly soluble, To 
the menstruum is added a certain amount of logwootl, 
of acetate and hydrate of protoxide of copper, of Bid*- 
phate of alumina and potussa, and of snlphale of pro- 
toxide of iron, in quantities which must be regulated 
according to the nature of tho organic matter first made 
use of. Gum-arabic or a superior quality of gum* 
Senegal is now added, in the proportion of eighty 
pounds or tlieroabouts for each three hundred and forty 
gallons of liquid ; also a variable amount of sulphate. 
As the quantity of the ingredients must be regulated 
by the shade of tiie tint intended to be produced, 
it is impossible to indicate absolutely tho propor- 
tions in which they arc to be employed; this must 
be decided by the taste and fancy of tlie manipulator. 
Supposing, however, tliat a blue-black is desired, «nd 
that sumach is the vegetal substance to which prefer- 
ence is given, tho annexed are the proport ioij.s for two 
liiuidred and forty gallons of the ink:— Sumach, from 
forty-eight to sixty bushels ; h^gwood, about two bun- 
(Iredwcight-- the quantity slightly varying, according 
as new or old chip is taken ; gum-arabic, from eighty 
to one hundred and twelve pounds; protosulphate of 
iron, one hundredweight; acetate and hydrate of pro- 
toxide of cop}>er, four pounds; sulphate of alumina and 
potassa, thirt^^-seven pounds; sulplmto of indigo, itix 
pounds or more, according to the required intensity of 
the blue. Were catechu to bo employed in liiis case, 
instead of sumach, one lumdrodwcight would be re- 
quired, the proportions of the other materials remain- 
ing the same. ' 

Tho obstacles which have hi thorto prevented theufto 
of the above-named astringent vegetal substancos in^ 
stead of galls, are the variousl^^-oolorod jjrecipitetes 
which they alfor^ with saUe of iron, some being quite 
green, others brown, while decoction of galls yields 
with sulphate of iron a dark purple. These hues may, 
however, bo altorod at will, by the nm of sulphate of 
indigo in different proportions, from dark-bliie to tho 
most intense black, applicable to dyeing, stehnng, or 
writing, and wllich may be employed with every de- 
scription of pon. 

The BubHtitutc for galls, patented byGiROND in I82i5, 
is denominated by him, flarnc^avaff^ and consists of eU 
extract from tho idielJ, wood, or sap of tiie chestnut 
tree. 

- One hundredweight bf chestnut ehclla, broken > lute 
fragmotitSi is to be immersed in from one hutidted aiid 
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, to two ^uadfod ^go^ons of woter, in a vessel 9 f 
Oopper ot oflber material em^t iron; and after having 
bfeon aMowod to soak for about twelve hours, heat is 
a|)j)lied, 'and ebullition maintained for about twelve 
hdurs. If ithe wood of the chestnut tree is employed, 
it is cut into small pieces or thin shavings, and treated 
In thO same way* 

llie extract is drawn off from the boiler at the end 
of the time specidod, and filtered through a fine sieve 
or cloth, after which the water is evaporated from it 
until it becomes of a pasty consistence, when it may be 
cut into cakes of any convenient size, and dried in an 
► oven at a low temperature till liard, at which time it is 
ready for use. 

In making ink with this substitute, it is merely neces- 
sary to reduce it to a coarso powder, and use it as galls. , 

One hundredweight of chestnut shells yields eight or 
ton pounds of the dry extract. j 

Soerrr, in the year 1840, patented the following 
method for the manufacture of ink ; — 

■ Take forty-eight pounds of logwood chips, and let 
them be saturated two days in soft water ; tlien boil 
them in a closely-covGrod iron caldron, with eighty 
gallons of the last-named liquid, for one hour and a 
half, when the wood must be taken out, and forty-eight 
pounds of the best Aleppo galls added to tlic mea- 
struum, which must be boiled for half an hour, and 
subsequently allowed to remain in tlic vessel for twenty- 
four hours, during which time it must be frequently 
agitated. When the princijdes of the galls have been 
sufficiently extracted, draw off the clear fluid into a vat, 
and add forty pounds of pulverized sulphate of iron ; 
let those ingredients remain for a week, duriug which 
time they should be daily agitated ; then pour in four 
gallons of vinegar. Next take seven and a half pounds 
of the best picked gum-arabic, and dissolve it in suffi- 
cient water to form a good mucilage, which must be 
well strained, and then by degrees be mixed with the 
fluid; let these stand a few days longer, then add 
twenty ounces of conccnlratcd nitrate of iron. When 
the metistruuTTj lias attained a sullicient depth of color, 
it is carefully decanted from the sodioicnt, and the 
following Bubstanoes, each separately prepared and 
ground, added to it : — 

First, grind half a pound of Spanish indigo by means 
of a muUer and stone, till it is very fine, occasionally 
adding portions of the ink until it is made into an easily 
soluble paste ; then take five pounds of well-washed and 
purified Prussian blue, which must he prepared as the 
indigo, except that distilled water must be employed 
instead of tlie partially-prepared writing fluid. Next 
take four ounces of jgrfls-Wae/r,— that is, the ca|ji>on col- 
lected from the smoko of gas-burners on ghiss surfaces 
— and giind it with one ounce of the nitrate of iron. 
These several substances are allowed to remain for a 
few hours unmixod, when the whole may be incor- 
porated with the fluid, whiiih is daily agitated for a 
week. The clear ink, in quantity about eighty gallons, 
k then poured off for use. 

The Rev. J, B. Readb of Aylesbury took out po- 
tents in the year 1847 for various writing, marking, 
and printing inks. The first only will be here noticed ; 
the keoond sand iMvd will he descrilwd in tlieir proper 
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places in the subsequent part of the artielo. The oply 
black writing ii^k which ho has dcfvfeed, is made by 
mixing soluble Prussian blue of a godd quaKty-— pre^ 
pared by Mr. Beaoe's own patent, and described in 
the manufacture of his blue ink — with ordinary gall 
ink. This addition of Prussian blue mokes the ink, 
which was already unaflected by alkalies, equally ptpdf 
against acids, and a writing fluid is thus obtained which 
cannot, according to the patentee, be erased from paper 
by any common method of obliteration without de- 
stroying the tissue. 

Two or three black inks now remain to bo noticed, 
which, from the nature of the ingredients, can hardly 
be classed with the common varieties, and have, on 
that account, been reserved for description to the last. 
The first, and not the least important, of these is Beii- 
ZELltB* indelible ink, prepared from the metal vana- 
dium. Vanadic acid, when combined with ammonia,, 
thus forming a vanadate of the volatile alkali, and 
mixed with an infusion of galls, forms a black fluid, 
which, according to the inventor, is the best writing 
ii]k that can be used. Tlie quantity of salt neces- 
sary for a perfectly black ink is so small, that, to 
use the great chemist’s own expression, it will not be 
worth considering when vanadium is more gencmlly 
known. The writing obtained with this ink is perfectly 
black. Acids do not obliterate it, tliongh they cause 
the color to become blue. Alkalies, when diluted so 
as not to act upon the paper, do not dissolve it. Chlo- 
rine, tliougb it destroys the black color, docs not efface 
the writing, oven when water is suffered to nm over it- 
Though this ink cannot he said to be absolutely inde- 
lible, yet it strongly resists reagents which cause com- 
mon ink to disappear. It has also the advantage of 
being a solution, and not merely a precipitate suspendt d 
ill a fluid by means of gum, so that it flows more 
freely from the pen. 

CoATiiuiT. has given a formula for an ink capable 
of resisting the aclion of all the substances usually em- 
ployed for eflacing writing. It is prepared as follow's ; 
— Boil, in a loosely-covered tin vessel, two ounces of 
shell -lac and one ounce of borax wdth eighteen ounces 
of distilled or rain water, stirring them occasionally 
until the whole is perfectly homogeneous; filter the 
mixture, when cold, througli bibulous paper, and ififix 
the filtrate— in quantity about nineteen ^ ounces — With 
one ounce of mucilage of gum-arabic, made by dissolv- 
ing the gum in double its weight of water, and add 
pulverized indigo and lamp-black ad libitum. Seethe 
the whole again in a covered vessel, and agitato the 
menstruum thoroughly in order to effect the complete 
solution of the gum and tlie admixture of the coloring 
matters. This agitation is continued during tl^ cooling 
of the fluid, after which it is allowed to repo^ for a few 
hours, so as to pennit the deposition of tire excess of 
indigo and carbon, when it is decanted and bottled for 
use. 

An viddibU safsty itde^ patented by ‘WuiTiriEl.D, in 
1837, is prepared in the following manner;— Four 
gallons of linseed oil ; two of cocoa-nut oil ; one M|pn 
of good molasses; five pounds of loaf sugar; two pou^ 
each of ground sacre seed, ground cotton seed, Venice 
turpentine, ivory black, Antwerp black, finely-powdered 
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burnt boros, tartar, pulverized gum-kina, and anacar- 
dium BUts ; four pounds each of very finely -powdered 
charcoal, dried bullocks* blood, and gum-arabic; one 
popud each of solution of caoutchouc, parchment-shav- 
ings, powdered seed-lac, and Indian borax ; and three 
pounds each of Aleppo galls, pomegranate peel, fia.q 
glue, and walnut skins, all iu fine powder, — are mixed 
and boiled in a large iron caldron. On the comiuence- 
ment of ebullition, the mixtxire is ignited with a bar of 
red-hot iron, and the smoke which is liberated is re- 
ceived into a capacious inverted cone made of the best 
sheet-iron. As soon as the whole of the oil is con- 
sumed, the carbon which adheres to tlio cone is col- 
lected and carefully preserved. The residuum is then 
removed from the boiler, and rubbed down on a stone 
slab to an impalpable powder. One pound of the car- 
bon collected in the cone, and a similar quantity of the 
prepared residuum, are then mixed with a quart of the 
best French vinegar, two gallons of hot water, and four 
ounces of gum-lac, and tliese ingredients are then boiled 
for ten minutes, when one pound of Aleppo galls iu fine 
pow’der, and two pounds of logwood cbi}>6 arc added. 
The mixture is stirred until cold, and is then poured 
into large flat pans, and exposed to the atmosphere for 
three weeks. 

Whatever may be the qualities of this ink when 
manufactured, it is certainly prepared in a singular 
I maimer. A mere tyro in chemical science will at once 
I perceive that the materials are selected and proper- 
I tinned so as to form a rare olla xxxlrida^ while tiic sub- 
sequent treatment of them is, to say tlje very least of 
it, wasteful in tlio extreme. 

Copying inks, or inks which, after having been trans- 
ferred from pen to paper, and having become dry, will 
communicate a portion of their substance to a sheet of 
damped paper strongly compressed upon them, thus 
furnishing two, and, in some instances — by renewed 
application, with pressure, of clean moistened pai)er — ■ 
even a third or fourth cop}" of tlic same manuscript, are 
generally pi^pared hy adding a modicum of sugar or 
sugar-canily, witJi an increased amount of gum, to the 
ordinary ferro-galiic inks. 

Kei> Ink. — The red inks at preseqt in common use 
ore of two kinds, of which, however, there are some : 
modifications. 

The first variety is prepared by making a solution 
of the tinctorial matter of Brazil-wood in acetic acid, 
the color being raised by means of alum. 

Booth gives the following formula for a red ink : — 
Brazil-wood, two ounces ; chloride of tin, half a drachm ; 
gum«»arabic, one drachm; water, tliirty-two ounces. 
These ingredients are subjected to continuous ebulli- 
tion^ until the quantity of iluid amounts to only sixteen 
ounces. 

HKi;sLEii»*s recipe is here given ; — ^Boil two ounces 
of Brazil-wood, half an ounce of pulverized alum, and 
the same quaniaty of crystals of bitartrate of potossa in 
eixteeii ounces ^ distilled water, until the fluid is 
reduced to one-ltojf. Strain tlie liquor, disaolve in it 
half an ounce of guW-arabic, then mix with it a tincture 
made by digesting a drachm and a half of cochineal in 
one and a half ounce of alcohol of specifio gravity 






JRed inks of the second Blass are prepared fiotn 
cochineal or carmin; tlio most bmnmon mbdlfioBdlOh ^ 
is a simple solution of the latter k an 6x6^.101 
ammonia, the proportions being varied according 
the depth of color roquiiod. Suoh ink ja 
fugitive. ' ' ' r 

The following repipo is given in the J^hairmcuie^cai * 
Jmrml: — ^Place in a porcelain vessel twelvi grahka 
of pure carmin, and pour tliereon three ounces hf sollir 
tion of ammonia ; heat over a spirit-lamp for a spkOO 
of from five to eight minutes, carefully regulating the 
temperature so tliat ebullition shall not occur, and to 
Die solution thus fonned, add, continually stirring, 
eighteen grains of powdered gum-arabic. When this is 
liquefied, the ink is ready for use. Drqp^ake may be 
substituted for the carmin, as being more economical. 

According to OiiAiE, a good rod ink may be made 
by macerating, for two days, six drachms of powdered 
cocliiiical, and one ounce and a half of pure carbonate 
of potassa, with sixteen ounces of water. Four and a 
half ounces of bitartrato of potassa and three drachms 
of alum are tlien to be added, and tlio fluid heated as 
Jong as carbonic acid is evolved. After the liquid has 
been filtered, the contents of the fdh r arc to be washed 
in one ounce and a half of water, and one ounce of 
alcohol is then added to the resulting fluid, as an anti- 
septic. For most {lurposes, six drachms of gum-arabic 
should bo diwi^olved iu each sixteen ounces of this ink ; 
but when used as a tinctorial agent in confectionery, 
for whicli it is well fitted, the addition of gum is 
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unnecessary, 

Mr. Stephens obtains an excellent fed ink from 
cochineal by the following method: — Add to a qmuj- 
lity of common carbonate of potassa, soda, or am- 
monia, twice its weight of crude argoj in powder. 
When the elTervcscciice caused by the combination of 
the tartaiic acid of the argol with tlio alkaline bane, 
thereby expelling the carbonic acid, has ceased, decant 
or filter the solution from the insoluble matter; to this 
is added, hy measure, half its quantity of oxalate of 
alumina, prepared by dissolving damp, newly-preoipi- 
tated alumina in as small a quantity as possible of a 
concentrated solution of oxalic acid. The mixture 
thus prepared is next colored, when cold, with bfuisod 
or powdered cochineal, and after ehmding for forty- 
eight hours is strained, when it is fit for use, 

The'Kev. .1, B. Readk took out a patent for a red 
ink in tlie year 1847. Subjoined is his mode of pre-* 
paring it ; — Cochineal is first boiled in successive quan- 
tities of f)ure water, till it ceases, or nearly so, to afibrd 
ti»ictorial matter. It is ilien subjected to ebullition 
with dilute ammonia, which dissolves the remainder of 
the tint-giving principle, leaving to animal matter 
nearly white. These aqueous aiid atumoniacal dec&c- 
tions are then mixed in an earthenware vessel, and 
the coloring matter is then thrown doWn by means of 
the double chloride of ammonium and Bn. * The com- 
pound thus formed is subsequently boiled In ammpius^ 
and iodide of tin is ton iidded, till the required . 
degree of brilliancy of hue is obtained ; this completes, . 
the process, to degrq© of body required in to ink 
Iwing given by an a5 iihUtm additimjt of water. This 
ink, says to patentee, is ^eatly superior to to dbm*; , 
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kotm Wotlons from poacih iind Brazil- wood, not only in 
porinane^t ricjmeae of oolor, but also in its froodom 
from and consequent fitness for use -with steel 

‘ Bins lN»:.-^TheTe appears to hairo been no true 
mfc pf A persistent blue color, until Mr. Stephens 
ifttrodneed hi$ muhangedbh Uue writing fluids 

Befiectin^ tipon the durable nature of i^ruBsian blue, 
,^08 well as upon its beautiful and strong contrast to 
iivliite pap0r, Mr, Stephens was led into an investiga- 
tion of the means of dissolving it, so as to adapt it to 
atramentation, wbilc^ at the samo time, it ‘might be 
made ficrviceable to the dyor; and oxalic acid was 
found to answer the purpose. The ink is prepared as 
follows ;~Take Prussian blue— -whether it is that ofr 
commerce, or pnr()osely prepared by a combination of 
a sesquisalt of iron with forrocyanide of potassium, is 
[ immaterial — put it into an earthen vessel, and pour 

I upon it as much strong acid as will cover it. Hydro- 
chloric, nitric, and sulphuric acids arc equally of 
service; but if the latter be used, it sliould he diluted^ 
with a quantity of water equal to its own bulk. The 
Prussian Line is allowed to remain iu the acid from 
twenty-four to forty-eight hours, or oven for a more 
extended period ; the mixture is then diluted with mucjji 
water, at the same litno agitating it, for the purpose 
of washing from it tlie sails of iron. When in this 
state of dilution, it is pernutU‘d to rcsi until all tlie 
color has subsided, at which lime the sui)ernatant 
liquid is sifiboiied oft’, and a further quantity of water 
added. This process is repeated iinlil ferroc’yanido of 
|K>taasuim no lotiger eviiiocs the presence of iron by 
giving a blue precipitate ; and also until the menstruum 
ceases to redden blue litmus paper, thus i>roving that 
the acid has been entirely removed. The product is 
then placed upon a filter, and suffered to remain until 
all the liquid has drained away. The Prussian blue, 
by this treatment, has lost a considerable proportion of 
its iron, and is now more readily acted upon and dis- 
solved than in an)^ other condition. After being gently 
dried, oxalic acid is added to, and carefully mixed with, 
the PnjRsian blue; cold distilled water is then poured, 
in small portions at a time, over the whole, ranking it 
into a dense or dilute solution, according to the deptJi 
of color required. The aniount of oxalic acid may be 
varied accordmg to the quantity of water used. It will 
bo found that Prussian blue which has undergone the 
process of digestion just described, requires but a small 
modicum of acid to dissolve it For a concentrated 
solution, six parts of Prussian blue — weighed before the 
treatment with acid — will, after the operation, he taken 
Up by one part of oxalic acid, and a proportional 
amount of water. Prussian blue, in its ordinary state, 

, will require two or three times its weight of oxalic acid ; 
and even dien, it will bo liable to precipitation after 
steridiug; when deprived of a portion of its iron in the 
! jfirdt place, by means of acid, it remains 'a permanent 
fOlntion, 

The comparative durability of the ordinary black 
foYTOgallic ink and that made from the sesquiferro- 
„ of iron— Prussian blue-^may be judged of by 

fiiaoli is A combination of a pTotoSSit Of iron 


with the active principles of gaBai ^ tanhogallatd of 
iron thus produced is good whilst dte ibefol i^emains as 
protoxide ; but, as soon as Uie salt has passed into a 
higher state of oxidation, tlie ink has a tendency to 
decay; and as still more oxygen is attracted and com- 
bined, the vegetal matter is decomposed, nntH otentn- 
ally there remains on the paper only oxide of iron of a 
reddish-brown hue, similar to tliat produced when the 
ink is acted upon by chlorine. If the Writing is kept 
from the air, and all damp is excluded, the color of the 
ink will be unaffected for many years ; but should the 
manuscript be placed iu a damp position, the iron soon 
passes into tlie state of sesquioxido, and the vegetal 
portion of the ink becomes extinct. 

The ink from Prussian blue has a reversed principle 
as regards its permanence. While tlie iron is in its 
normal degree of oxidation, the color is orily jiartially 
developed, and it is not until the iron is further oxi- 
dised by means of an acid, or by exposure to the 
atmosphere, that the fine deep hue is fully developed. 
It is here that tlie uniform well-known tendency of the 
lower oxides of iron to absorb oxygen, instead of being 
an evil, is of positive service. As the state of sesejui- 
oxide is the true condition in which iron combines with 
forrocyanogen to give Prussian blue, and as the in- 
herent dis[)OHition of the iron is to assume this form, it 
is clear that the tendency of the elements is to be 
permanent. As a further proof of this, if writing 
executed with Prussian blue ink be exposed for a 
longer or shorter period to the action of strong light, a 
deoxidation of the iron occurs, and the color is to all 
appearance faded; hut, on removing it from tlie in- 
fluence of light, the iron reassumos the state of sesqui- 
oxide, and the color again becomes dark; this change 
may be repeatedly effected in the same manuscript, 
with an unvarying result. This repeated deoxidation 
by light, and tlie reverse action from vrant of solar or 
other rays, is generally known and well exemplified in 
the case of articles of external dress dyed with Prus- 
sian blue, which, being worn — and COTsequently ex- 
posed to the influenfo of strong light, not the less 
powerful because coming from its primary source, the 
sun — become pale, and lose that brilliancy for which 
Prussian blue, as a tinctorial substance, is so cele- 
brated ; but when these habiliments are again brought 
out, after being exposed for some time to darkness, the 
color is revivified as by magic, and is again equal to 
new. 

On adding a solution of ferrocyanidc of potassium to 
ordinary black ink, a blue huo results ; the affinity of 
the iron for the ferrocyanogen being so much stronger 
than that which it has for the tannic and gallic acids, 
die latter are displaced, thereby showine^be greater 
force of combination in the blue, over thift in the black 
ink. Man}^ acids are .destructive of the color of the 
latter, but thA sesquiferrocyanide of iron is unaffected 
by any. Even chlorine has no action upon it, except 
diat it perhaps deepens the shade Ji little* Of excess 
of moisture and light, and of tMb thousand one 
physical causes which operate destructively upon Ack 
ink^ only one affects die preparation of Prussian Hue-- 
light, and the action of this, os has been seen^ i$ far 
from being permanent. 


t 








— , — *,,,^1. ' 

380 INK Coiosssy WittTma .ANb Indian Inks. 

. .._ ' . !i 1.. . - 

t 


Tl;i 0 Bev. J. B. Eeade Ims ulso patented a blue ink, 

WingktA}H has given the following recipe 



'wliicb is manufactured as under : — 

ink: — Dissolve one hundred and eif^ty grains <^bidh^ 



A solution of iodide of iron having been carefuUy pre- 

mate of potassa in one fluid ounce of water ; add 



pared according to the usual method, a proportion of 

the menstruum, while warm, half an ounce of spirit of 



iodine amounting to half the weight already employed, is 

wine ; then decompose the mixture with concentrate^ 



dissolved therein, and the mixture is tlien poured into a 

sulphuric acid until it assumes a browm color. The* 



somi-saturated solution of ferrocyanide of potassium, 

liquor is now evaporated till it is reduced in quanirty to 



employing of this salt a quantity about equal to tliat 

one-half, when it is diluted with two ounces of distilledi 



of the whole of the iodine used in the first-mentioned 

water, filtered, mixed with half nn ounce of alcoho!^ . 



menstruum. A deconii) 08 ition of t-ho materials thus 

subsoquontly with a few drops of strong sulphuric, add, 



brought together immediately takes place, the ferrocy- 

and then allowed to rest till, after some time, it assumes 



anogen of the potassium salt combining witli the iron, 

a beautiful green color. It is finally adapted for use 



and falling down in a solid form ; while tlie potassium 

by the addition of a small quantity of gum-arabic. 



and iodine unite to form an iodide of Uie alkali-metal, 

OiXHE has devised a green ink, made by triturating 



which remains in solution, together with a slight ex-'* 

one drachm of gamboge with one ounce of tlie blue ink 



cess of iodide of iron. The whole is placed on a filter ; 

invented by him, and previously noticed; but it is of 



the retained deposit, caused by the union of the iron 

Utile value. 



with the ferrocyanogen, and which is nothing more 

Yellow Ink. — ^Y ellow ink, according to Dr. Ure, 



or less tlian Prussian blue in a soluble slate, is well 

is prepared by dissolving three parts of alum in one 



washed with, and is finally dissolved in water, which 

hundied parts of water, adding twenty- five parts of 



forms the blue ink desircxl. 

bruised Persian or Avignon berries, lioiliiig the mix- 



J-)r. Normandy has proj) 08 ed a blue ink, which is 

turc for an hour, filtering the liquor, and dissolving in 



made by operating upon Chinese blue, or fen*ocyanidc of 

it four parts of gum-arabic. 



iron. Three drachms of tlie ferrocyanide are macerated 

An extemporaneous yellow ink may be made by 



ill seven ounces of water, with one drachm of binoxa- 

^dissolving gamboge in water, but it is by no means 



late of potassa, adding one drachm of gum-arabic. 

permanent. 



A solution of tin may bo added to tlie.se ingredients ; 

Gold and Silver Inks. — G old ink is prepared as 



the binoxalate of potassa may also bo substituted by an 

folio W'B : — Grind upon a porjihyry slab with a mu Her, 



equivalent proportion of oxalic acid. 

gold leaf and fine white Itoucy, till the former is i 



OuMR recommends the following formula for blue 

reduced to an impalpable powder, Tlie paste is | 



ink : — Dissolve one scruple of iron in nitrobydrochloric 

then carefully collected and diflused through water, i 


( 

acid— -aqua regia — filler the solution, and dibitc it with 

which dissolves the honey, causing the deposition of | 



sufficient water to make eight ounces, which is mixed 

the precious metal ; the water must now bo decanted, j 



with four drachms of ferrocyanide of potassium, pro- 

and the sediment tMiulcorated to free it from tho sac- ; 



viously dissolved in eight ounces of 'water. The re- 

clmiine matter. Tho powder exsiccated is veiy bril- 



sulting subsidence is collected on a filter, and after the 

liant, and wlion required for use is suspended in muci- 



fluid has, as far as possible, been removed, the precipi- 

lage of gum-arabic. After the writing executed with 



tate is edulcorated witli pure water, until the latter 

this ink is dry, it should be hnrnishcd with ivory. 



passes through, having an azure tint. As soon as this 

Silver ink is prepared in the same manner, by sub- 



occurs, the lunnel and its contents are placed over a 

stituting this metal, in leaf, for the gold. — Ure, 


1 

clean vessel, the filter piercedf and the blue compound 

In JUAN or Chinese Ink consists essentially of lamp- 


1 

1 

washed with twenty-four ounces, by weight, of water. 

black foimod into cakes by means of some glutinoue or 


1 

This latter menstruum constitutes the blue ink, the 

adhesive substance, such as gum-water. The lamp- 



formation of which depends on the property of the pre- 

black is said to be made in China by collecting the 



cipitate to dkjsolve in pure water, and not in solutions 

smoke of the oil of sesam6; and M.^MERiMfAO states 



of other salts. 

that the Chinese do not use glue in the fabrication of 


i 

Purple Ink. — To produce a purjile-colored ink, 

their ink, but certain vegetable juices, which render it 


I ' 

called iiniKing of Purples^ Dr, Normandy recommends 

more brilliant and more indelible upon paper. Dr. 


t 

‘he following method: — To twelve pounds of Cam- 

Ure remarks, that when the best lamp-black is levi- 


1 

peachy logwood, add as many gallons of boiling water ; 

gated with tho purest gelatin or solution of glue, it 



pour the infusion through a funnel with a strainer 

forms, no doubt, an ink of a good color, but wJ9liits the 


i 

made of coarse flannel, on one pound of hydrate or 

shining flaclure, and is not so permanent on paper m 



acetate of copper — verdigris— finely powdered ; at the 

good China ink. In the latter has been detected about 



liottoiil of the funnel a sponge is placed ; tlien add Im- 

two per cent, of camphor, winch is, supposed to improve 



mediately foUi^on pounds of alum, and for each seven- 

it. On the other hand, Proust says that latnp-!Maok, 

' * . 


teen gallons of^quid, add four pounds of gum-arabic or 

purified by potarii He, when mixed a spjurion of j 



Senegal ; let the^ remain for three or four days, and a 

refined glue, and dried, formed eu Which pre- , 



beautiful purple be produced. 

ferred by artists to. that of China, A good IndiSn ink 



Green Ink. — ^^lafkoth directs for the prejiaration* 

may be made with ivory blac}c« ground to a fine pow- 



of green ink, that Poparts of acetate of copj>er attd 

der, made into a paste with w<^ gum-m*abio wateri 

)' 


one of bitarirate of potassa be boiled in eight parte of 

and tlieu formed into cakes. 



water^ till the solution be reduced to half the bulk. It 

Marking Ink.— T he fluids for writing on linen now 



is then Altered through cloth, and after cooling, bottled, j 

known are #ldely dflfemt those in vogtte ot^n 

' ’ ‘ 
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a &w ymrs . Ttie laUer always required a pre|>a> 

, mtiqu of tl?^ tUsmei previoios. ta tboir application. The 
; .for a fe.w of theae are given, not so much on 

accoTOt of the likeHhopd of their being again useful, as 
lo giye an insight into their composition, tljoreby 
showing what soience has accomplished even in s«ch a 
,, llipited inhere. 

,]i^rking inks ai‘e of two kinds : the hrst of these is 
applied witli the pen, the second with types. 

Om of the older marking inks, in using which the 
Hhea required to be jwu^ced or prepared, is as under : — 
I>iS8olve one hundred grains of nitrate of silver, two 
drachms of gum-arabic, and on© scruple of sap green 
in ono ounce of distilled water. The linen is to be 
wetted before applying this, w'ith a pounce, consisting- 
of a solution of one ounce of carbonate of soda in eight 
of distilled water. 

Geay directs that the ink be composed of two 
dracUms of nitrate of silver, six draclims of water, and 
two of mucilage, while one ounce of carbonate of soda 
in sixteen of water, together with a little sap green, 
form the pounce. Another ink is a solution of one 
drachm of nitrate of silver, one of mucilage, in five 
dratjhms of distilled water, tinged slightly by means of 
B:ip green. The pounce consists of, carbonate of soda, 
one ounce ; gum-arabic, tjne ounce ; water, six ounces. 

A form of ink known as Italian is merely tcrchloride 
of gold, the cloth being moistened before its application 
with a solution of chloride of tin. 

The modern maiking inks do not require the pouncing 
of tlie linen previous to its being written upon; but 
instead, a hot iron is passed over the marks, or the 
clotli is held near the hro, till the color has been pro- 
perly developed. 

Kedwood gives the folio wijig as the requisite pro- 
perties of marking ink : — 

1, Tliat it shall flow freely from the pen, and form a 
■well-defined mark, witiiout running or blotting. 

2, That it shall not require the application of a very 
stiong or long-continued heat, by holding the article 
that has l>ecn wu'itten on to tlie lire, or by passing a hot 
iron over it, to develop tlio required hue. . 

3. That the marks produced by it, when brought 
out by heat or by exposure to liglit, shall bo perfoctlj^ 
black, 

4. That it shall not injure the texture of tlic finest 
cambric. 

{Subjoined is a very common formula for this kind of 
Uik : — 

Six drachms of nitrate of silver are dissolved in three 
ounces of distilled water, and as much ammonia is 
added as will liquefy the precipitate which it at first 
occasions. A little sap-gi'een, ivory-black, Indian ink 
or indigo, dUTueed tlirougb four drachms of mucilage of 
gum-arabio, form the temporary Unotorial matter, and 
water is added to ma^ up the quantity to four ounces. 

Many marking inks, although black when first applied 
to the linen, become gradually washed out, and a yel- 
lowish stain only remains. Jui-es Guiu.ee has given 
thre^ r^pes for marking ink, which he believes to l^e 
free from tbe^e and some other prevalent eviW They 
are .as under 

viS^or tlm first Ink, ttvqpty-two parts of barbonate of 

1 ■ - 

soda are dissolved in eighty-dii^ie of and 

twenty parts of pulverked gum^arsltfb' diffused 
through the menstruum. Kleven parts of ^nitrate of 
silver are then liquefied in twenty parts of amBmifik, 
and this is commingled with the alkaline sdutiOn. 

The mixed fields are* next wanned in a flask, by whidb 
they become greyish-black, and partly coagvikted ; 
subsequently, brown and clear ; then, when ebullition 
commences, very dark, and of such a consistence that 
it will flow readily from the pen. This ink, and that 
prepared from the next formula, have the advantages 
that no precipitates are formed in them, and that they 
inspissate by boiling, whereby their color becomes 
darker. For the second ink take, — 

PArts. 

Nitrate of ailver, 6 

Dislilletl water, 12 

Powdered f^uin-araljic 5 

C'.irbonate of soda, 7 

Ammouiu,.. 10 

Treat those ingredients in the manner last doscriliod, j 
and heat tlio resulting mixture in a flask until it has 
acquired a very dark tint, which is generally tlie ease 
when its volume has diminialiod, by evaporation, about 
five per cent. 13y continuing the evaporation too long, 
a precipitate is occasioned in conseijuence of the loss ; 
of volatile alkali. TJie ink prepared in tliis manner is ! 
distinguished by producing very black charactez'S upon 
linen, and is very suitable for marking with stamps or 
steTicil- plates. 

According to the thii'd prescription, twenty-two parts 
of carbonate of soda are dissolved in twenty-five of > 
distilled water; as also seventeen parts of nitrate of 
silver in forty-two parts of ammonia. Twenty parts of 
gum are then liquefied in sixty ]>art8 of w'ater, and 
mixed with tlie soda solution, and afterwards with tlzat 
of nitrate of silver, and lastly, tliirty-thrcc parts of 
sulphate of copper are added. 

The largo quantity of ammonia in this ink, says 
Guillek, is accounted for by the presence of the i 
cupreous salt. The latter might be re];Iacod by nitrate 
of silver, but a ranch larger amount of this would be 
required to render the ink as dark as it is with the 
sulphate of copper. Whilst otlier marking inks have a 
dark-brown color, this ink possesses a rich blue. The | 
proportions of the ingredients in these inks can be j 
altered according to the consistency required, the uses i 
to which tlicy are to be applied, or the description and | 
quality of the textile fabric on wJiich they will bo j 
deposited. 1 

Kedwood’s ink, which answers all the conditions— 
given above — tliat a marking ink ought to po^oss, is 
prepared in the following manner : — y 

l.>issolve ono ounce of nitrate of silver, ajfl one and 
a half of crjpetallized carbonate of soda /n separate 
portions of distilled water, and mix, the smutions; col- 
lect tlie resulting precipitate on a filter, edulcomte it 
well with distilled water, and introduce it, while Htill 
moist, into a Wedgwood- wore mortar ; add eight scruples i 

of tartaric acid, and triturate the whole until ^rves- j 
ccnce has ceased : next add a sufficient quall[||v of | 
ammonia to dissolve tho tartrate 4)f ^silver ; mix inrour ' 
fiuid drachms of archil, four drachtns:^ W'hlte sugar, 
and twelve of finely-powdered gum-arabic; and pour 

, — 1 



-WiiTTiNG Inks— SYMPAT irETTo Ink. 


in as much din^tilled water a$ will make six ounces of 
mixture. 

The essential distinction between this and ordinary 
inks is the use of tartrate instead of nitrate of silver. 

Long after Redwood had published his forratila, 
generously laying his invention open for public use, the 
llev, J. B. Reai^e devjBod and patented two inks, the 
principle of whicli was identical with that of Redwood. 
Happening to meet with an ink made according to 
Redwood’s recipe, he threatened the manufacturer 
with legal proceedings ; but was prevented doing 
so by Redwood’s showing with whom the invention 
originated. As other compounds are implied in Mr. 
Reade’s inks, the formula for each is appended ; — 

The first of these, which may be used with steel [)ons, 
and which is most readily developed on the applica- 
tion of heat, is prepared in the subjoined manner : — 
Nitrate of silver is triturated in a mortar with an 
equivalent of desiccated tartaric acid. Water is then 
ad<led, whicli causes the Bef)ar«ition of crystals of tir- 
trate of silver, nitric acid being set free. The latter is 
neutralized carefully by adding ammonia, which also 
dissolves the metallic tartrate. Gum, tinctorial matter, 
and water arc subsequently added in quantities which 
may be varied at pleasure. 

By this process, remarks the patentee, the nitric acid, 
which is essential to a good marking ink, is retained, 
and the tartrate of silver formed is soluble in half the 
ejuantity of ammonia ordinarily required when nitrate 
of silver is the basis of the ink. 

The second of the inks under this patent is made as 
follows : — • 

To a portion of ink fonned by the process last de- 
scribed, is added an ammoniacal solution of an oxide, 
or salt of gold. The patentee has employed for this 
purpose the purple of Cassius — formed by precipitating 
a solution of the tercbloride or other salt of gold by 
means of a tin salt — sulpliide of gold, tlic iodide of gold 
and ammonia, and also the tcrioJido of gold and am- 
monia. ^ The last two compounds, Which Mr. Reade 
considers to be new^ he obtains by dissolving iodine in 
ammonia with application of heat; this operation must 
bo conducted with great caution, in order to prevent 
the formation of that explosive compound, teriodide of 
nitrogen. The iodine solution thus obtained is a valu- 
able solvent for gold. If this metal, in leaf, be placed 
upon it witliout tlie addition of water, a black deposi- 
tion of gold is formed, which immediately dissolves; 
but, if the menstruum be diluted, tlie oxidation pro- 
ceeds less irajiidl}”, and the gold leaf assumes befin*c 
solution, not a black, but a fine purjde color. ^J’his 
salt pf gold crystallizes in four-sided prisms, soluble in 
water. A few drops of this solution placed on a 
slip of gkss, generally form ai-boresccnt, microscopic 
crystals, from which, by application of heat, the iodine 
and ammonia are volatilized, and arborescent me- 
tallic gold alone remains. If the heat be applied but 
moderately, only one equivalent of iodine is d^pclled, 
and white crystals of iodide of ammonium atid gold 
are left. 

A pa/tple-red marking ink eonskts of ft solution of 
one drachm of bichloride of platinum in two otmocfs ojf 
distiUed water. Before writing with it, prepare the 


linen wiHi a pounco made by liqaiefying three 
of carbonate oi' soda and three drachms of gumjalkbic 
in an ounce and a half of water. 

Sympathetic Ink. — B y sympath^p meant 
a fluid which, being employed in writiog«;^Gd 
leatre a trace of color upon the paper, but which, whi^h 
exposed to moisture or heat, or when washed dyer with 
I some vegetal or mineral solution, or subjected to sonie 
! other agency according to its nature and chdn^^ 

I cliaractcristics, becomes visible, the character bei% 
tht n developed in a more oricsS apparent manner* 

Ovid mentions the method of writing with new 
milk, the characters being subsequently developed, 
even after the lapse of some time, by coal-dust or 
soot. The same means are proposed by Ausonids# • 
It may be easily perceived that instead of milk, any 
other colorless and glutinous juice might be employed, 
as it would equally retain the black powder sprinkled 
upon it. Plinv, perceiving tliis, recommends tlm 
milky sap of certain [)lauts. 

Of all sympathetic inks, none, perhaps, is more 
remarkable than a solution of acetate of load. Tlie 
delineations made by this menstruum are rendered in- 
tensely black by means of sulphide of hydrogen— known 
also as hydrosulplairic acid, and as sulphuretted hydro- 
gen — whether it be in a gaseous or liquid state. This 
efioct, remarks Bekgmann, presented itself, perhaps 
accidentally, to some chemist ; but the discovery is not 
of great antiquity. The first person who gave a receipt 
for preparing this ink, as far as the historian just quoted 
could learn, was Veteii Bokel. In a work by him, 
printed in 1653, and again in 1657 at Paris, of which 
there ivero' several subsequent editions, it is called a 
magnetic water whicli acts at a dmtanco. In those days, 
phenomena, the causes of which were unknown, and 
particulaily those which seemed to occur witliout any 
visible agency, wore ascribed to magnetic effluvia. 
Others concealed their ignorance under what tliey 
called syytqmthy. TJie recipe for making those liquids, 
u ruler the namo of sympathetic ink, is first given by 
Le Mout, and that cognomen has not only been re- 
tained wkh reference to a solution of 'acetate of lead, 
but has also been applied to other fluids when employed 
for the same purposes. 

Anotlier and more beautiful sympathetic ink is that 
prepared from cobalt, the writing of which diaapjiears 
in Uie cold, but appears again of a rich green color, as 
often as one choosers, after being exposed to a modojtftte 
degree of heat. This invention is generally asctibi^ 
writes Bergmann, to the French chemist 
He was, indeed, tlio first person who, after experiment- 
ing with it, made it public, but be was not the dis- 
coverer ; ho acknowledges that a German artist of 
Stolberg first showed him a reddiski salt, wWch^ when 
exposed to boat, became blue, and ^hich, be astoed , 
him, was made out of Bchneeberg oobott with aqua 
regia— -nitro-hydrochlorio acid ; but, if it be tnie tl^t ^ 
THEoriiKASTus PABACEZfSOS oould tepr^nt a garden 
in winter by this mvention^ H innst imijucstieimUy |>e 
older, .... 

Tlie development d chemistry in modem hnd ' 
the consequent diBcovery of an immer^ ^ 

mical compounds, have given rise to an almost ifiilmftft ; 




-l^iNTiNG Ikes, 


vadety oiT sympathetic inks. Some of the principal 
will h|E> described 

write with a solutioh of acetate of load, or 
temitrate^ of bfsipath, and wash tlie writing over with 
an aqneotw eolation of sulphide of hydrogen, which 
Oanses the fbnnation of sulphide of lead in the first in> 
stance, and of tCrsulphide of bismuth in the latter case. 
Or chloride of mercury may be used as the ink, to be 
df^eloped by being placed in contact with chloride of 
metalHc mercury, iu a minute state of division, 
bethg thus thrown down. A sympathetic iuk, identical 
with common black writing fluid, consists of a solution 
of sulphate of iron ; tincture or decoction of-galls being 
employed as tl»e mordant. 

—employ nitrate of cobalt as the ink, with 
oxalic acid as a mordant — in this case oxalate of cobalt 
ts formed ; or sulphate of iron may be used for writing, 
which is to be washed over with ferrocyanide of potas- 
sium. 

YelloWy — use chloride of antliuonv as the ink, and 
moLsten the .writing with decoction of galls; or inscribe 
the characters with subiw^etate of lead, and develop 
them by means of hyilriodic acid. A dilute solution of 
chloride of copper forms a beautiful sympathetic ink, 
\Vhich is invisible until gently heated, when the letters 
assume a fine yellow color, which disappears as the 
paper cools. 

sympathetic ink consists simply of a solution 
of chloride of cobalt, with a small quantity ot a salt of 
nickel. Writing done with the colorless arseniate of 
potassa, and washed over with nitrate of coi)per, be- 
comes beautifully green. 

Purple is produced by odulcoralijig, with chloride of 
tin, writing executed with chloride of gold, purple 
of CdMim being in tliis case formed. ' 

The substances which may be employed as sympa- 
thetic inks, either per se or in conjunction with others, 
are exceedingly numerous ; but they are so generally 
known that it is needless to describe them. 

LiTHoaaAPim; Writing Ink. — There are two 
kinds of ink used in lithography, — that which is em- 
ployed by the lithographic witer in tracing on inscrip- 
tion or design on paper with a view to its subsequent 
transference to the stone ; and that which is employed 
in taking impressions on paper from engraved plates 
with a view to the same object The composition of the 
latter will be stated under rrinting Inks. The writing 
ink is composed of ingredients mixed in the following 
proportions : — For one and a half ounce of shellac, take 
two ounces of soap, three ounces of white wax, and 
aboiit one ounce of tallow; add about three table- 
spoonfuls of a strong solution of gum-sandorach, and 
when ready color with lamp-black. 

TRINTINCI INKS. — Encre d^mprimerky French ; 
SuMtiicherfarbe, German.— Printing ink, though of 
greater Importance than that used for writing, has not 
engaged Ihe attention of scientific men to any extent, 
abd few works h^ve been published respecting it. No 
printers of thepresent day make their own ink, although 
w^y add ifagredients which they believe to improve 
the lOolpr or quality. It is an especial business, and do- 
’^usxd^able capital. Every manufacturer has 
oM som botii as to materiel Snd process; and 


by long experience alone can printing-ink makers iso 
select and apportion the various Ingredients as to adapt 
it to its numerous requirements. 

The commonest book-ink costs eight^pence per 
pound, while the usual qualities are from two shillirigu 
and sixpence to four shillings ; black ink for superior 
work is worth five to six shillings, while for the finest 
carmine ink as much as thirty shillings per pound 
is paid. In the latter case, the value of the tinctorial 
matter enhances the cost; but, when the care and 
labor required in the preparation are taken into consi- 
deration, it is evident that it is not the mere value oi 
the ingredients which fixes its price. 

pROPKiiTJES.— Printing ink, as every one must be 
aware, is a very different composition from that used 
for writing. It is a soft, glossy compound, having a 
certain amount of adhesiveneKS, and becoming, by ex- 
posure in thin layers, perfectly hard and, firm. Besides 
Ihese properties, which always belong to it, it possesses 
other and varying attributes according to the numerous 
purj)oscH to which it is applied. Its preparation de- 
mqiitls not only a tolerable proportion of scientific 
knowledge, but also very careful mauipulatioft ; and 
manufacturers have found that, to produce it of good 
quality, both experience and deep study are requisite. 
The very imporlant use for which it is designed — 
the registering in a permanent manner the productions 
of the mind — indicates some of the properties it ought 
to ])osses8. The most valuable of those is durability, 
or li.e capacity to resist successfully the obliterating 
infiueiico of time ; and it ought, at the same time, to 
have brightness and depth of tint. It must be a mut- 
able proparatiou, passing from the soft adhesive state 
to that of a perfectly hard and dry substance, and this 
change of condition must have a certain rate of pro- 
gress, and be to some cxlord under control. When 
prej)ared, some time generally elapses before it is used, 
and during this period it ought not to alter in the 
slightest degree; in fact, when the air is excluded 
from it, it should keep for almost ariy length of time. 
During its aj)jjIi(ration to the types, its fiolidificatiou 
ought to be as slow as possible, and unaccompanied by 
the omission of any iiiqdeasant or deleterious odor. It 
ouglit not to affect the soft, clastic rollers which are 
employed to convej’^ it to the type or woodcut /om, 
and which, unless tho ink bo a perfectly innocuous 
preparation, are liable to considerable injury. The 
change of state should not bo accompanied by the 
deposition of consolidated matter in the ink, as this 
impedes the w^orkman, and proves a loss to the 
printer. 

Tho trying circumstances, as regards the quality of 
printing ink, do not end here. Having been applied, 
its action must be confined to a very slight penetration 
into the paper,— just sufficient to prevent its detach- 
ment witiiuut materially injiirii%iN|jko suriace of the 
latter. It ought to dry up, in a very imort space of 
time, to a hard, inodorous, unalterable solid. 

Mnting ink should, moreover, an oleaginous 
character; it ought to be very gldsBy, and perfectly 
free from any granular appearance. If, on the extrac- 
tion of a small portion from a mass, it leaves but a short 
thread BUSj)eudod, it is conmdered good ; but tho best 
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test of its consistency is the adhesion it shows upon 
pressing the finger against a quantity of it. 

Materials.— The ingredients of ordinary printing 
ink are burnt linseed oil, resin, and occasionally soap, 
witli various coloring inattei*s. A slight notice of these 
is required. 

Llmeed The best quality of oil is used, and 
this iri purified by digesting it in partially-diluted sul- 
phuric acid for some hours, at a temperature of about 
212**, allowing the impurities to subside, and then wash- 
ing away the acid with repeated additions of hot water. 
The oil after this treatment is pale and turbid, and, if 
the cdulooration is complete, there is scarcely any odor. 
By rest the oil clarifies, and has then a pale lemon 
color. It now dries much more rapidly than before. 
For an experiment, four drops of oil were exposed on 
a slip of glass : the first was ordinary Baltic linseed 
oil ; the second was East India oil ; the third and fourtli 
were two distinct oils which had been purified by 
means of snlplmric acid. In the course of a fortnigljt, 
the first was colorless and rather viscid, but no skin or 
pellicle^ had formed on its surface ; the second was 
colorless, hut had no apparent 'vriscidity ; the third and 
fourth were not only colorless, but a tenacious film 
covered the surface of each. 

' The purified oil is^ow partiall}" rcsinified by heat. 
For this purj>ose it is introduced into large cast-iron 
pots, and boiled until inflammable vapors are freely 
evolved. These are ignited, and albjwed to burn for a 
few minutes, after wliich they are extinguished by 
placing a tight cover over the boiler. Ebullition of the 
oil is continued until, on cooling, a firm skin forms on 
its surface, knowm by placing a drc»p on a slate or 
other smooth cold material. 

According to Savage, — wlio has written at consi- 
derable length on this subject, and whose inks gained 
the large modal of the Society for the Encouragement 
of Arts, — the lin-sccd oil cannot be brought, however 
long boiled, unless inflamed, intq a proper state for 
making printing ink. Certaiji it is, that by the ebnllition 
and ignition just noticed, the original character of the 
oil is totally altered ; it is at fiist turbid, but clarifies 
when 'allowed to repose ; it is noAv viscid and more or 
loss adliosive; it penetrates paper with difficulty; it dries 
much faster than when unburnt ; and it has lu^w a pyro- 
genous and not unpleasant odor, which soon passes olf 
froih a thin layer (‘.xposed to the air. Fragments of 
slightly charred bread arc by some added to the boiling 
oil, but no marked benefit arises from such a procedure. 

Other drying oils besides linseed are occasionally 
used., but their cost or other considerations prevent 
their ^neral adoiytion. Resin oil is indeed pretty 
largely employed by some makers; but, apart from 
otheif" disi^dvantages, its disagreeable and permanent 
smell prevents its entering into other ink than that in- 
tended for t^porary or common printing, as news- 
papers,’ placarde, ct cet/ra, 

Resin is an arijjcle of considerable importance in the 
manufacture of printing ink, since, when duwolved in 
tlic oil— afb^r the latter has Urtdei'gono ehullitidn end 
in^mmation— it communicates body to the fluid, and 
the compound bears \ jjproat resemblance to Canadian 
biilsam. For many ihksf the quality of the common 


black resin is sufficiently good ; but somie.r^uh^ 
pale, clear, transparent resin, obtaim^d by^ 
and clarifying the r^idue of the distillation. Of 
tine with water. 

The Coloring Matters of printing m|ft deinhnd 
great attention, as much of the beauty ottShO typo- 
graphy depends upon them. 

Black. — The universal ingredient fOr this color is 
lamp-black. There are vast buildings, as a writer in ^ 
Encyclopedia Britanniea remarks, appropriated totfid 
solo purpose of burning oil, naphtlm, spirit, coal-gas, ei 
ccteray to produce this black, which is collected from tlie 
sides and ceilings of the chambers. It is imported from 
Germany and many other countries, and no eiil»ense is 
spared to get the most superior quality. 

Other black substances are occasionally employed. 
Charcoal from various sources, when reduced to an 
impalpable pow'iler, and mixed with the other ingredi- 
ents, funiishes a deep blue-black ink that dries rapidly. 
Carbonized vine-stalks, winc-lics, woods of various 
kinds — in fact, carbonized lignin from any source; 
wlicn gi’Ound sufficiently fine— sometimes a tedious 
and costly operation — answer well ; as also does bone- 
black. The brown tint possessed by lamp-black is not 
unfreqncnlly neutralized by the addition of blue com- 
pounds, as indigo, Prussian blue, et cetera. 

P'or red ink, carmin, lake, vermilion, red lead — 
Pbg 0^ — Indian and \*‘ent*tian red, are employed. 

A hhie color is sni)plied by Prussian blue, indigo, 
Antwerp blue, ct cetera. 

Chromate and bichromate of lead — known respec- 
tively as lemon and orange chrome, or as chrome yellow 
and clq;pTue red — yellow ochre, gamboge, and other 
pigments, furnish a yellow hue. 

Green is obtained by means of arsenhte of copper, 
or by a union of blue and yellow colofrt. 

For hrotniy burnt sienna, umber, sepia, and mixtures 
of red with black, are employed. 

PRRTAKATION. — In the manufacture of printing ink, 
the resin is dissolved in the burnt oil, in cast-iron pots 
or boilers, and the I'arnish, thus prepared, is intro- 
duced into what is termed the mijcing vesselj which is 
cylindrical, and in the centre of which, bars or rods of 
iron, attached to a perpendicular shaft, revolve in a 
horizontal position. The black or other coloring mat- 
t<3r is tlien added to the hot varnish, and the whple, 
when thoroughly mixed, is drawn off through an open- 
ing in the ‘base of the vessel. The is next very 
carefully ground, by being i)a8fled iHJtween hard stones 
of a very fine texture, driven by heavy machineiyj 
the motive power being steam. Sometimes a second 
grinding is requisite, but this may generally be AvoklCiS 
by taking care that the varnish of resin and oil is cleajr 
and free from gritty paiticlos, and tliat the black is in 
an impalpable state. 

The proportions and conditions Of the various Sn- 
gredifents vary considerably, and great , experienoe is 
required before on ink can be prepared to suit tux^ <m 
pujpose. Tlie oil^ Ms to be rtindered more viscid, by 
burning, in some cases than in others; sometitnos the 
quantity or kind of resin r^uirea to be varied ; oT, 
perhaps, diflbrent proportions of ccldr are reqmsi^t 
News[>aper8 printed by steam-power requfro an ink w 
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losa substance than that employed for book- work, 
which must be tolerably For woodcuts, tho ink 
must not only bo stiff, but very fine. The qualities of 
the material to which the ink is applied, furnish an 
additional guide in this matter : thin paper must have 
a soft ink, which toorics dearly^ and is not too ad- 
hesive. A fine stout paper, on the other hand, will 
l>ear a stiffer and more glidnous ink; and as resin 
supplies those properties, so docs it in a great measure 
communicate brilliancy, and the most perfect and 
splendid effects arc by these means produpe<l. 

Uke gives the following directions for making print- 
ing ink : — 

To one and a half gallon of linseed oil, burnt and 
boiled, as above described, till a poitinn, extracted 
from the i»ot by means of a pallet knife and cooled, 
draws out between tho fingers into strings of about 
hdf an inch in length— add gradually six pounds of 
resin. Wlicn this has dissolved, twenty-eight ounces 
of dry browui soap of the best (jualily, eul into slices, 
arc ititroduccd cautiously, for the eoinbiiied water 
causes a viol(!nt intuiuesecneo. Doth the resin and 
soap are well stirred in, and tlic whole is then ignitod 
for a few moments, in order to complete the admixture 
of the constihients. I'wo and a lialf oun(!cR each of 
ground indigo and Pnissinti Mikj, together with four 
pounds of the best mhorql lamp-black, and three and 
a half pounds of good vnjeial himp-hlaok, are placed in 
an earthen ware p«in, sulficicmtly large to contain tho 
whole of tlu' ink, arul tho warm varnish is then added 
by dogroos, carefully stirring, to produce C(»mpleto in- 
corporation of all the ingredients ; and tho mixture is, 
finally, ground into a smooth uniform paste. 

The two sneceeding recipes are from the Encych)- 
Britanrnca^ the first being that used by Paskhk- 
viLLE and lUu.MUU, and giving excellent results:—* 

1. Dissolve a small quantity of l>lack or amber resin 
in three gallons of lino old linseed oil, which has been 
boiled to a thick varnish, and cooled in small quanti- 
ties; allow the mixture to stand for some months, k(» 
that all impurities may subside, then mix with the 
best lamp-black, and grind carefully. 

2. One hundred pounds of nut or linseed oil are re- 
duced by boiling and burning to one-eiglith its hulk, 
and to the consistence of a sinq) ; two i)Oun(ls of coarse 
bread and several onions (!) being thrown in to purify it ; 
from grease. Thirty or thirty-five pounds of turpentine | 
are boiled apart, until, when tho residue is cooled on 
paper, it breaks clean, without i)alverizing. The former 
is poured nearly cold into the latter, and well mixed. 
Tho compound is tlien boiled again, a sufiic'ient quau- 
tity of lamp-black is incorporated, and when the ink is 
well ground, it is ready for use. 

One pound of printing ink may be made by the sub- 
joined recipe of Savaok : — 

Balsam of copaiba, nine ounces ; larap-hlack, three 
ounces ; indigo and Ih-tissian blue, ground $ogetlj||jr jtn ; 
equal proportions, one and a quaij^ omiee ; t^San 
red, ttlllKMfourths of an ounce ; di‘y, yellow turpentine 
sbap, three ounces : this mixture is to bo g;*ound, by 
means of a slab and rnuller, to an impalpable smooth- 
ness. It is stated that this ink possesses a beautiful 
color, but appears to work foul. 

VOL. ii. 


John Bfia> took out a patent for substituting a 
mineral found in Merionethshire and other localities, 
instead of lamp-black. The mineral is Breed from 
debris by washing, when it becomes a very black paste; 
and subsequently, on drying, a fine, black, impalpable 
powder, composecl of-- 

Ci'titeEiinally. 

Silicic acid 40*00 

Alumina, .... 42*00 

Caiboiiaceous mnllcr, . . . 12*00 

lOU-tiO 

The pre})aration of printing ink with this pigment is, 
in other respects, according to ordinary methods. 

A i)atcnt was granted in 1854 to Thomas de la 
Rue, by which glycerin is cm])loyed ns a vehicle for 
making a fugitive ink, peculiarly applicable for tJio 
Iirinting of hankois’ cheques and other similar docu- 
ments. For this piiVjKKse he ])reci])itates logwood and 
vegetal suhslanees, suitable for producing coloring 
matters, and grinds them iq) with glycerin to the 
consistency of ordinary printing ink. 

The Rev. J. B. Rkadi ’s patents for printing ink 
arc as nndor : — 

fie descrihcR two blue printing inks : tlie one is 
made by taking the soluble Prussian blue obtained in 
the maiinfiicture of his bine w-ritiiig ink, and rubbing 
it up with oil ; or, by triturating with oil the rcsidiio 
obtained by cvajioratiiig Jiis blue iidc. 

For tho second blue ink, he prejinros the soluble 
Prussian bine W’ith bromine instead ol‘ iodine, and dif- 
fuse. it in oil. 

Ills first black printing ink is made in like manner 
from his black writing thiid. 

A second black printing ink is made by boiling chiiis 
of logw^ood— for which an extract- of logwood may be 
substituted — or other dyowT)ods eontaiiiing coloring 
matter and tannin, with as much proto- or persrilt of 
iron or of copjier, as will ho ocpial to about twice the 
weight of the tannin contained in the wood or extract 
cnq>loycd; a black or Muisli -hl!n‘k precipitate is thus 
obtained, the blueness of which is diminished, ns re- 
quired by the addition of a greater or Ic.ss quantity of 
bichromate of potassa. The whole is finally tiiturate<l 
with oil; a little lauq>-hlack, or other black coloring 
matter u.snally employed in the manuJactnre of printing 
inks, being added. 

LrnroGUAriiic Printing Ink. — The conqiositiun 
of litlK)gva])bic writing ink has been already gixTii. 
That which is employed to take inq)ressions on pajHT 
from engraved plates, with a view to their transference 
to tlie stone, may be composed as follows : — Tallow, 
wax, and soap, of each four ounces; shellac, three 
ounces; gnm-mastic, two and a half ounces; black 
pitch, one ounce and a half ; to which add lamp-bjack 
to color. 

The Editor cannot eonchido the present article Witb- 
<nit expressing bis thanks to Mr. IIenhy Stephens, 
for in supplying lum with information 

rospectfajfwHkipg inks ; and also to Messrs, Benja- 
min SwIl’H and 8oi» — wbn in^||||i,he ink with which 
this work is printed, and who lIKe a wurld-wiie fame 
for tho exceUchco of their productions — for Btmfrar 
favors with regard to printing ink. 
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fl# SoUUCES. 



IODINE. — lode^ French; LkI^ German; lodiuin^ 

ncsium ; of this dcscriyition are the waters of Pex, 



Latin. — This body is one of those which chemists 

Stilze iu Mecklenburg, Kolhorg in Pomerania, Salzuf- 



designate elements, from the circumstance, tliat by no 

feln in Konigsbronn, near Unna, llchme, near Mindou 



moans or agency at their disj)osal are they enabled to 

Schonebeck, Hallo iu Saxony, Diirrenberg and Koseii, 



extract any other form of matter from it. It may bo 

Artern and Salzimgen, Schonalkalden, Salzhausen nud 



regarded as a now substance, being discovered by M. 

Kicuziiach, Bolcchow and Drochobycz in Galicia, 



CoUKTOis, manufacturer of Baltj)etre — nitrate of potassa 

Kcnaliwa in North America, Guaca in the province of 



— in Paris, in tlic year 1812-13; and of all tlic simyde 

Antioquia iu New GranailS. Its presence has likewise 



bodies which have attracted the attention of chemists, 

been proved in the following mineral waters ;„ namely, 



iodine seems to bo the most interesting, as, since its 

ill tile lliermal spring of Albano, in one near Sales 



isolation, it lias never eoased to present wide fields of 

in Piedmont, in several salt springs near Ascoli, in the 



investigation to iho chemist and jihysician; many of 

hcjiatic waters of Castcl Niiuvo d’Asti, in the hot 



these have ])ocn diligently exydored and cultivated. 

spring of Aix in Savoy, in the Boimingtoii water near 

i 


hut still suflieieiit remain untrodden to keep alive that 

Leith, in Bath water, in the water fruin Marionhad in 



scion tide interest with which iodine has been invested 

Bohemia, and also in the W'aters from Carlsbad, Ilcil- 

1 


fiorn the date of its discovery. It is well known that 

brunn, and Knnzig in Bavan’a; in the medicinal wafers 

1 

j 


chemistry lias extended her domain of research pnnei- 

of Hall in Austria, used for the cure of goitre ; in 

1 


jially during the last forty years; but even anterior to 

the hepatic water of Trntkavviec, and in the alkaline 



that yieriod, chemical knowh'dgo was so far advanced 

wafers of Jwoniez in Galicia. Besides these, later 



that the discovery of iodine might have heen expected 

investigations liave ])rovc‘d its jiresoncc in several other 



to take ydace long before its announcement by CouK- 

waters of every desciiyitioii. A v^ast amount of iodine 



Tois, That this should not have heen the case is the 

exists in tlie ocean; Imf, frcun the minute centesimal 



moie surprising, when the wide range of its ilistrihutioii 

Iiroyiortion in vvhieli it is present, Davy, GAiJUTtEU, 



is considered, and its j>rcsenee, particularly iu reagents 

Fyfk, and others, failial to detect it. Tn the jilaiits 



which the ehemists^of 1800, and their predo('OsRor8, 

vvhkili glow in the sea, as well as on its shores, the 

i 


wore in the habit of using and piejiaring in a state of 

iodine is, so fo speak, concentrated, and consequcnlly, 



coiiiyiarative yiuiity; moreover, its eliarartoristic ap- 

when (lie ashes of those are submitted to the usual tests 

1 


yuMiaiice in the form of vapor, its odor, and the lemark- 
able reactions which it produces, render the circum- 
stance of its having escayicd observation the more 
striking. The discoviTy of iodine is interesting, inns 
much as it was not a result arrived at by unguided 
exyif'.riuient, as in the c<ise of many bodies wbicb might 
be cited, but of yiatient research. The multiplied un- 
success! ul attcinyits of CouuTois to isolate it would be 

for its detection, its presence is readily manifested. 

The following plants vviu'e found by SAiti’llATi to con- 
tain iodine in tbe (juaiilllii's menliuned : - 

I’fli Cent 

fllulTl, , 0'0S1)4 

‘ ilif.di!itus, . . O'Fj.SO 

Hiicduu mil''’, . ... 0*21100 

“ iiodoMih,. . . — 

.. *A^eBU‘uloMin, , . . 0*001 

1 

1 

! 


tedious to relate ; but some idea may be formed of his 
numerous experiments and failures, from the first ob- 

‘‘ siiccatiis, . , 0*l2t 

l.oti.iiB ^'iliij^uobus, 0*142 



servation he made rihative to the destruction of his 

Davy, Gaultier, and Fyfe found iodine in tl»o 



(‘oyijior ])ans cmyiloyed in the decomposition of nitrate 

folio wi iig : — F'ltciis mrtilagiiie.vry^ numhranaccusj ruheiiii^ ' 



of lime with tlic alkaline lie of the vurec or kelj), till 

piihnatus ; according to Sarpjiati, it is contained | 



he succeeded in tracing the elTeot to tJie cause, and in 

in Sjihserococcus orispus ; he found it also in LIlvn : 



})r(‘paring iodine in a very pure state from the mollicr 

Lifiza, pavonia, umh* Ucalis } likewise in Luvluca and 



waters of his various processes, 3diis discovery was 

ZosU'Vd marina. Lichen confining SUtUce armet'la^ and 



made, as already stated, in 1812, and was announced 

Griniinia marithtKi^ growing njion rocks on w^liich 

i 


by M. Dksokmks at Hie meeting of the 

sea-water has been blown by tbe wind, have yielded 



Institute on the 23th November, 1813. At this jjcriod 

ibis element ; but Jtamelina ncopulorum^ growing in tbe 


1 1 

iodine was anxiously sought after and studied by the 

same situation, gave no indication to Dickie of tbe 



celebrities of tlie day. Py degrees it carnc to be 

presence of iodine. PUa: marlnm contains it; and it 1 



known that olliei snbbtances besides the ashes of sea- 

is obtained in large (jiiantities from tbe aslics of vai ious I 


1 

i 

yiliuits contained it, and since then numerous researches 
have shown that iodine is one of the most widely- 

species of Utoa, and other sea-jilanis, vvhieli 

constitute the varec of Bretagne, and the keij) of the 



dissemiriated elements, altliough, it may ho remarked, 

Scotch and Irish. Th(‘ aslios of several shore-plants, 



that its aggregate amount is comjiaratively small. In 

such as the diflererit kinds of sahohi^ and such as are 



the mineral kingdom it is met with, combined with 

used for producing the barilla of Spain and the Sicilian 


1 

silver and mercury, in ores from Mexico ; in Silesian 

sodjiy contain very little or no iodine. 



gahnei it is found combined with zinc ; and it has 

The murine animals which yield iodine arc : — Idio 



liecn detected in species of lead ore from South 
America; it is contained as iodide of potassium or 
sodium in ^ nitrate of soda from Chili, and lias 
lieen detected similarly combined in the rock-salt of 
Hall in the Tyrol. Many springs lave been found to 

Common sjionge, tlie Horse sponge, Lapis sjxyngiarunij 
Spongia oculata^ Flustra foliacea^ various syiecies of 

8( rtulaHa and Tubularia, various kinds of Rhizostoma 
and Cgana^ AsUriasruhens^ Crognon vulgaris y Mytilus 
edulis; oysters contain it, and likewise various species 



yield quantities of iodine, united, doubtless, with the 

of Dorns and Venus, It is found in cod-liver oil ; and 



alkali rnelrds, pjUu^.sium and sodium, and with mag- 

the oil from the liver of the Raja clav€^ and Raja 





; 
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halis give iiidicatious of its presence; and from tlnj 
statements of Jonas, it appears that traces of it 
are afforded by Scotch salt herrings. Besides tliese, 
many other substances of tlic animal and vegetable 
kingdom contain small traces of this element. Lately 
it has been detected in the ashes of various coals and 
fihaly nvitters ; and from tlio researches of M. Chatin 
and others, it has transpire that rain water, dew, air, 
rose leaves, et cetera^ give to properly-regulated experi- 
ments appreciable traces of iodine. 

Properties. — M. Gay-Lussac was the first who 
investigated and discovered the general properties of 
this element, being succeeded by Sir Humphrey Davy, 
Vauquelin, and several others. To j)reparo iodine, 
varcc or kelp is cxiiaiisted with hot water, which dis- 
solves about one half of this substance ; the liquid is 
filtered and concentrated, and the chief jiart of the chlo- 
ride of sodium, sulphate of soda, chloride of poUisshim, 
and other salts, is crystallized out, leaving a mother- 
liquor which, besides the iodide of sodium, retains other 
bodies in solution, such as sulphide of sodium, hyposnl- 
pliatc of soda, and traces of those already mentioned. 
This li(piid is treated with sulphuric acid in a retort, 
when tlio more unstable compounds are decomposed, 
and sulpliates of the bases produc(‘d ; and on the ajjpli- 
cation of a gentle heal, the iodine passes over into the 
comh'nser, Jii this state di is rarely jiure, b\it is con- 
taminated with cliloriiio, siilphiir, and saline matters; it 
may he ptjrificd from these, however, hy washing willi 
w^ater, filtering, and [)ressing l)et\veen folds of bibulous 
pii])er, tlien Hiihllming it a second time. A better 
imjlhod is to dissolve the iodine in alcohol, filter from 
any residue, and ])reeipitate wit.li water. The (le[»osit 
collected and drie.d in the usual way, is pure iodine. 

So prepared,' it pri'setils a blnibh blaek appearance, 
and a inetnllie lustre very similar to that of black- 
lead 01 speeidar iioii ore. It is g('ner;dly obtained in 
ciystals, which are niodificationa of an elongated octa- 
liedron with a rhomboidal base, the jirimary form be- | 


2r»8. Pit' tl5i) ritf. Pif,’ 2Gl. Pjq?. 262. 



longing to the right ininnatic s^sLem. See Pigs. 

259, 2fi0, 201, 202, and 203. The finest crystals are 
obtained from its solution in ether, or one of liydriodic 
acid exposed to the air. By Bubliniation it is obtained 
in laminae, or broad oblique tables, which, when lliin, 
transmit light of a red color, according to Gmelin; 
but Payen states that the crystals which form under 
the microscope, and do not exceed in thickness the 
two-thousandth of a millimetre, or '000787 of an inch, 
are without transhiceucy. Iodine fuses at 224*6°, and 
boils between 347° and 350°, giving o(f violet vapors, 
which condense upon a cold surface, producing crj'stals. 
At ordhiai^lfc temperatures it is subject to spontaneous 


evaporation in very small quantity, but which is in- 
creased when the air is loaded with moisture. When 
in a thin stratum, the vapor of iodine presents a beautiful 
rich violet sliade from which its name is derived ; but 
if examined in layers a few inches thick, it no longer 
presents this appearance, hut rather a black mass, 
impervious to diffused day or candle light. Vapor of 
iodine is the heaviest of all kriowui gases, being, ac- 
cording to the investigations of Dumas, of Bi>ecific 
gravity 8*717, and by calculation from its atomic 
weight, 8*7077. Alcohol and ether dissolve it in all 
proportions, producing dark reddish-brown liquids; 
water takes up only one seven-thousandth of its 
weight of this element. The solvent action is in- 
creased, however, wdion there are other salts dissolved 
in the liquid, such as nitrates or chlorides. In either 
case a brownish liquid is fnrmod, whieli, by long ex- 
posure, disappears, the iodine being transformed into 
iodic and liydriodic acids. It is capable of uniting with 
most of the non-metallic elements, producing with some 
— such as nitrogen — highly explosive compounds; and 
with others — oxygen and hydrogen — acids wliieli aie 
capable of neutralizing bases, and tlnis forming salts, 
many of which are very imjiortant. The mineral acids, 
chlorine and several otlier bodi#s, arc capable of dis- 
fdacing and reducing tliese compounds of io<linc, and of 
setting the latter free when it colors the liquid brownish- 
I'cd. A cliaracteristic and retnurkable properly of 
iodine discovered by MM. Colin and Gaultier pe 
Cl/MHiiiv, is the blue coloration it affords when iTouglit 
in contact with starch-paste disscininatod in water. 
Tliis is so delicate and cbaractia-istic, that it still 
ipinains the test for iodine in all investigations, afloiding, 
according to Stromeyer, a pcreoplibly bine tinge 
when not more tlian one four hundred and firty-tliou- 
sandlh part of iodine is coiitamed in the liipiid. Kkr- 
sTiNtJ has latterly discovered tliat, by tins use of a pal- 
ladium salt, so small a qiianlity as the millionth part of 
iodine may be detretod in a liquid. Tliis subject will 
bo referred to fiii lher on. Tho starch 
test should be applied with some caution, 
however, ns a large excess of the amyla- 
ceous substance causes the blue colora- 
rion to vanish. Heat also destroys it; 
and hence, in testing for iodine, the 
liquids must be cold. This reaction is 
not produced by iodine wdicn combined 
witli other bodies; and, consequently, 
wlieii sucli combinations of iodine are to 
be examined, they sbouhl be deeornjiosed 
by Boino strong mineral acid — snlpliuric or iiitiic, which 
contains a little nitrous acid. 

Iodine is a most valuable therapeutic agent, and, as 
such, was first brought into notice by Coindet, a dis- 
lingiiisbcd physician of Geneva, who found it a most 
effectual remedy for goitre. Its application is very 
frequent, more especially in diseases of the skin, and 
for eradicating glandular enlargements, indurations, 
thickening of membranes and tumours'^ ks well as in 
several other ailmaits. When applied to the skin, tho 
cuticle becomoa-COTbred of an orange yellow, but iliia 
disappears after a short time. Iodine, in coiisidcrablo 
doses, acts ns an irritant poison, although to be fatal 


Fig. 2G3. 




388 IODINE Its ^fANUFACTuuE. 


it must be exhibited in largo quantities. In the event 
of poisoning by this element, the pump and copious liba- 
tions of amylaceous liquids should be resorted to. 

Manufactuhr. — The atomic weiglit of iodine has 
been estimated by Berzelius as 120; its chemical 
symbol is I. 

Iodine has been a subject of manufactui'ing industry 
almost from the time of its discovery ; and the tirst to 
prepare it on the lai'go scale was the discoverer, but 
more as a dcmlcr ressorty than for the sake of the ad- 
vantages which it tlicn offered. It has been stated in 
the foregoing, that CouRTOis was actively engaged iii 
the manufacture of saltpetre, in wliich business he liad 
invested the whole of liis money ; but on the tliruwing 
open of the Frencli ports for foieigu products, immense 
quantities of nitrate of potassa arrived from India, which 
at once superseded the old nitre beds, and by so doing 
ruined Couii rois. In this dilemma lie tried to extri- 
cate himself by manuficturiiig iodine; but the confiiiinp- 
tion of the article being jit this time very limited, and 
the process of its manufacture being circuitous, rendered 
the cntcriiribc an unsuccessful one. It was })rosceul(id, 
however, alter CoURTOis by MM. Cournekie of Cbor- 
bonrg, ill the NortJi-East of France, who aic the oldest 
manufacturers aftci' the diseoven'r. With its extended 
a]>[)lieati(ui, as well in niodicine as in printing, and 
latterly in jdiotegrapliy, otlieis were induced to turn 
their aUentiun to (he subject, and now several manu- 
facturers ot the article may be found, among whom 
may be mentioned Mr. Wiiitelaw of (llasgow, and 
Mr. John Ward of the county Donegal, Tn-laud. 

Tlio course puisucid in its manufacture is siiiifile. 
The several fuci and altjtT which contain it, are col- 
lected by inhabitants of places adjacent to the sca-shore, 
and diied in the air, after which shallow rectangular 


pits are dug wherein the dried material is burned. 
The semi-vitrified ash that remains is broken up by 
sprinkling a little water upon it whilst hot. This is 
the kelp of the Scotch and Irish, and is the same as 
the varec of tlie Continental producers; it is pur- 
chased by the several manufacturers, in order to ox- 
tracit from it the iodine and other salts. For this 
purpose it is reduced to a coarse powder, which 
is placed in rectangular filters, having an inner per- 
forated bottom of sheet-iron. Tliese arc arranged 
two and two, to the number of six pairs, so that whilst 
the one is being filled, tlie other is working. Water 
is let in upon tlie piiwder at the furthest end, till it lias 
risen a few indies above the solid matter ; and after 
allowing it to remain for a short time, the tiqi in the 
false bottom is opened, and the liipior drawn oil’ as it 
slow!}' percolates through tlie mass. 

From the receptiiele in wliich the solution collects, 
it is raised by means of a jiiinip to the second pair of 
tiltiTS, wlieie it is allowed to act upon the powdered 
material as in the preceding instance. In the same 
manner the lie which is run oil from each pair of filters 
is pumped on to the next jiair, tlie matter in which it 
partly exhausts; thciice it is rmuoved to the others, 
and so on, till it has tiaveised the entire range. Tlie 
solution llius obtained has a density of 1-257, and 
contains, for the most part, chlorides of sodium ami 
pol.issiuin, with the iodides and bromides of these 
alkalies. After drawing oil this first solution, the 
washing of the residuary mass in the filters is con- 
tinued, using only as much watiT for thus purpose as 
will aiford a lie of ! -145 di'iisity. This is added to tlie 
otlicr liquor, and tlie whole is evaporated in a Berios of 
three boilers, so disposed tliat the cold liquor Hows 
into the first of the scrii^s, thence to tlie occond, and is 



tin. illy comauitrafed in the thiid, vvliieli is directly over 
the fire. Fig. 205 gives a longitudinal sectional vii'W 
of the deposition of the evaporating pans, and Fig. 204 
a transverse one. 

In the former of tliese, the jians arc indicated by A, n, 
c, E, and F, the latter being situated over tlie lire, i), 
the flue from wbieli passes under each in suceession. 
After the cva]ioi-ation has reduced the liquid to a 
density of 00'’ Twaddcll, or 1'30 sjiocifio gravity, the 
chloride of sodium and sulphate of soda crystallize out 
in the heat, and arc separated by a ladle, and thrown 
into an inclined drainer, c — Fig. 204 — the drainings 
returning to the pan. When no more salt is deposited 
at this density, the fire is slackenoil, and the contents 
of the boiler allowed to repose for some time previous 
to siphoning off into wooden crystallizers lined with 
lead. By this a further quantity of chloride is sepa- 
rated in the pan, and the sulphates which are still 
retained are deposited in the coolers as incrustations 
on the sides and bottom. After removing these, and 
permiliing the menstruum to repose for some time 


longer, a croji of crystals of eliloridc of potassium is 
obtained, ^'lie jioriod allowed for the formation of the 
latter deposit extends to about five days, at the ter- 
mination of which, ‘the chloride of potassium is found 
in largo crystals at the bottom of the viissel. The 
mother-liquor is again pumped hack into the evapora- 
tors, and reduced to Twadilell, at which degree, 
sulphate of soda, chloride of sodium, and carbonate of 
soda deposit. It is customary to add sulphuric acid to 
the liquid in the first stages, to neutralize the carbonate 
of soda; the quantity of tlio latter which the kelp affords 
— about two per cent. — ^being thought too small to be 
8(q)arated from the other salts. When this is done, 
only sulphate of soda and chloride of sodium separate 
after the second concentration. Tlie crystalline mass is 
tlien removed, and the liquor loft to part with a further 
quantity of chloride of potassium, as in the preceding 
case. At this stage the mother-liquor is retained for 
further treatment, which will bo presently described. 
The somi-exhausted mass is again mixed with water 
fractionally, till the solution marks 1*073; ilSk\ the men* 


1 
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Btruum is treated ia the same maiiDor as tlio first, only 
in a separate set of evaporators. As this contains 
more alkaline sulphates than the forementionecl, and 
less chlorides, tlie crystallizations are effected much 
more readily, and when brought to about the same 
degree of concentration, the mother-lie, after the 
crystals have been deposited, is added to that from the 
first affusions. Finally, the washings of the residuary 


mass are continued till tlie whole of the soluble matters 
are removed ; these weak solutions are advantageously 
used to cxlwust fresh portions of the kelp. 

'I’ho kelp may be economically edulcorated by an 
arrangement such as that represented in Fig. 2CG, 
in which the parts, A, n, c, d, and E, are a number of 
rectangular plate-iron boxes, placed in gradation one 
step above another. Only five are represented in the 



figure, but, if need !)(;, a greater number may be eni- 
plnyed. The last of tliese vases is a cast-iron wagon 
of double the size of the others, at the level of the 
rim of which a cast-iron plate, K, is placed in an in- 
clined position, so that any licpiid falling upon it may 
flow into the tank. I5y means of a j)ipe connec*ted 
with A, at about six inches fiom its bottom, and whicli 
rises to the level of the next vessel, the liquid in A 
may be diawn over into n, which is similarly con- 
nected with the next, (', ami so on to the vat, r, which, 
also by means of sto])Cocks, yields its eonbuils to a series 
of plate-iron pans ])laced in giadatifju, like the otliers. 
The kelp or vavec to ho cxiiansted is put in small 
pieces into baskets of plate-iion, perforated in the 
manner of a skimmer, which are tlien iulroduced into 
the vats tilled with water, by two men, who lift them by 
a wooden pole which passes thiough rings in tlie rim of 
the cylinder. After remaining in the fust vat for the 
space of half an hour, they are transfen ed to the next 
vat, and their place ropleiiished with two others, 
charged with fresh material. Tlie saim* process takes 
place every half hour till tlie to]) wagon, A, contains 
two pair, at whicli stage those which liave remained 
in it during air hour arc tidven out, and ])laeed upon tlie 
imdiued jilato, K, to drain. At each succeeding hall 
hour the transferring and charging takes jdace as be- 
fore, the oxhansled matter in the diaincd hanqieis 
•being carried to the waste-lieup. From the lime, 
however, that the latter takes ])lace, a i>ortion of water, 
about double the volume of the perforated cylinder, is 
drawn off from the lower, and its ]>lace sn])])lied from 
the next above it; the others in succc'ssion hoi row 
from their sujieriors to the to]) one, which is replen- 
ished with water from the tank pi|) 0 . In this way, 
raj)id and perfect cxliaustion is insured, whilst the 
liquor which is dra^vii from E to the sdllersj F f, has 
always a uniform strength. After the matter which 
had been retained Tnechanically in tlio liquid has de- 
posited ill FF, the lie is drawn off to the iiist of the 
evaporating pans which have been already mentioned, 
for coucentrating the solution, in order to remove 
the sulphates and chlorides contained in it before 
recovering tlie iodhic. Sometimes at this stage, 
esi)eeially when tlio ebullition has been quickly carried 
on, the chlorides and other salts which separate arc in 
such small ci-ystals, that they pass through the skim- 




mor, ami cannot he removed Irom the solution; hence, 
when the alkaline salts in kel{) are i)roeured for uselul 
ap]ilieation8, there is eonsidcrablc difficulty in their 
Ruhsequent purification, for the sulibates and chlorides 
deposit jiromiscuously in the crystallizing pans, lu 
order to have the seiiaration as perfect as possible, 
Payen reeomniendK a boiler such as that depicted in 
the drawing — Fig. 207 — and indicated by A, having a 
lire henoatli at n, and at the side an inclined case, f, 
from 'wliich the crystals are j)oniiittod to drain into 
the jian. A hemispherical vessel, c, of ])late-iion, 
})(‘rforate(l at the 
siv’-'s, and resting on 
the walls of the pan, 

A, is ])laced in the 
li«]iii(l wdien near the 
point of ebullition. 

This vessel can bo 
lifted out when ne- 
cessary, by means 
of a ebain, passing 
over imlleys, ami 
attached to the ba- 
sin at one end 
l»y branching 
chains, the other 
being equipoised hy a weight. Ebullition of the con- 
tents of A soon lakes place*, and the liquid being put 
into violent eoinmotion, canies the small ciystals about ; 
blit as they gravitate, they fall in the centre, owing to 
the absence of an iqiward current, and are n'ceived in 
the vessel, c, in wliich they are easily rcmovi'd. 

AVhatevor course is pursued to Separate the mother- 
liquor from the salts, it generally happens that, in ad- 
dition to the alkaline iodides and bromides, sulphide 
of sodium, hyposulphite of soda, with notable quantities 
of chlorides, arc ]>resent hi the solution, ami wliich, 
owing to their solubility, cannot bo removed. To ob- 
tain the iodine, tlio Scotch manufacturers add to the 
liquid a seventh of its volume of strong sul])huric acid, 
specific gravity 1*845, and, having agitated the whole, 
leave it to repose from thii ty-si.x to forty-eight hours. 
During this period the sulphurous compounds are de- 
composed, sul[)hatcs being produced, wliilst sulphide of 
hydrogen and suljihurous acid pass off, and sulphur 
becomes precipitated. At the end of this time the 
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lk|uor is put into a rcturt wliicb is liJaptod to a scries 
of receivers, and heated to 140°. Having reached this 
temperature, a quantity of dry powdered hinoxide of 
manganese is introduced through a tuhulure in th(‘ 
head of the still, and the cxpidsion of the iodine effected 
at a temperature bordering on ebullition. 

The chemical change wliudi lakes ])l;icc in the course 
of the decomposition of the iodides by the sulphuric 
acid and hinoxide of manganese, may bo indicated 
thus : — 
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Tn this erjuation the oxygen from the iiiangaii(‘Sf‘ is 
represented as distflacing the iodine, whilst the soda 
lhat is prodiieod enters into corn bin. if ion with the snl 
phuric acid. Or it may ho assumed that Ihe hinoxide 
of manganese, by acting ui)on the eliloiidcs ])iesenl 
under the inlluenee of the excess of snljjhurie arid, 
liberates clilurinc, wbieli in turn displaces the iodiiu' 
thus : - 
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'llie distillatory apparatus em]»lo\cd is sliown in 
Fig. 208, in which A is the still plaef'd on an enclosed 
sand-batli over the fire, tluj dour of which is shown at n 
The head or capiltd of the retort is usually of lead, arnl is 
furnished with two apertures, a and 6, which are closed 

F1-. tiCS. 



with Bloppers. To the neck of the retort a scries of sphe 
rical glass condensers, D i>, arc adapted, each of which 
has two apertures in its axis, one of wliieh is drawn out 
so as to conuect it to the next, as shown in the diwing. 


After charging the retort, as already directed, with the 
liquor, and raising the temperature to about 140°, the 
peroxide of manganese is added in small portions tlirough 
the'^8top])er, «, and the tomperaturo raised nearly to boil- 
ing; all the orifices and joinings being previously secured 
with the stoppers and pipe-clay, or otlier luting. The 
iodine passes over, and is collected in flakes in the re- 
ceivers. The process is examined from time to lime by 
oiiening the stopper b, and when the jiassngc of iodine 
vapors slackens, more manganese — and aeiil, if neces- 
sary — are iiitrodneed through the stoppered aperture o, 
and the operation conducted till the whole of the iodine 
has separated. Such is the method pursued by Mr. 
WiiiTr.LAW of Glasgow, with this slight difference: 
he adds only an eighth [fart of sulphiirie acid gradually 
to the liquor in a leaden boiler, and allows the sulphate 
of soda to crystallize out before introducing it into the 
still. It is important to retain tlio temperature at which 
the distillation proceeds at 212 , or jieaiiy so, for above 
this the iodine is liable to ])ass over as cbloildo. 

Sometimes, when tbe process is conducted in the 
manner just described, cyanide of iodine is prodnecfl, 
and is found in tbe tliird leeeiver in white neodlo- 
sbaped ervslals. The residue in tbe retort still retaifis 
some iodine in the foim of iodide of lead and sodium. 
Tills can be leeovcred by the method pro})os<-d by 
SoUTiuiRAN — nauiely, tlio addition of sulpbatc ofco]>- 
by wbieb a subiodide of (’0])])er is formed. 'i'Jie 
|ireci]»itate is filtered, and the liltratc, W'hich slill retains 
.some iodine, trea(<‘d with a further quantity of the cu- 
preous salt aud iron fdirigs, wiien anotlmr interchange 
takes plae<', and a fuilher precipitation of iodide of 
I’opper occurs. The first ol these changes may bo 
(‘xpressed thus : — 
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And tbe second, by 

r -f- 2 (Cu 0,803) 4- 2Fe = 2(FeO, SO,) 4- (.’lu.T. 

The proper period for arresting the addition of the 
cupreous salt and tilings in the latter case, is w'heu the 
characteristic smell of iodine diHai)])(*ars. No time 
should bo lost in removing the ])recipitate from the 
revrugiiiouR salt and filings by wasbirig and decanting 
from the fragments of iion, and subsequently liltcring 
iliiongh a cloth. Both jiortions of iodine are desiccated 
[it a gentle beat, and the dry coini<onnd mixed with 
iw'iee or three limes itii w'eight of peroxide of manga- 
nese, and as much strong sulphuric acid as will form 
it into a ])astc, and the mixture strongly heated in a 
subliming apparatus, when iodine passes off and is ic- 
<-eived in appropriate vessels: tlius — 
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The use of sulphuric a^id may be dispcnsecl with in 
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the above process, but the heat must be mu«h more presence of salts. The iodine is afterwards put and left 
elevated when that agent is iiot employed. In this to drain in a conical vase of pottery-ware, the bottom 
case, the binoxide of manganese is decomposed into of which is perforated and rests upon a jar of freestone; 
sesquioxide of manganese and oxygen, which displaces it is then dried upon sheets of fdtering-paper laid upon 
the iodine combined with the coi)per, as shown in the well- dried cinders, or upon porous tiles, 
annexed equation : — 

Oils I + 4MnOa = 2 Mr. O 3 4 
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According to SounEiUAN, this met hod is very econo- 
mical, and aflbrds as much as one poj- cent, of the 
luothcrdiqiior ojierated i]])on. 

At the Clierbourg Works the mother- waters arc 
treated in slight excess with sulphuric acid, and the 
solution is afterwards boiled for some t.ime ; during this 
0 })oration the sulphides, hypc)snl]>hitos, and sulpliites 
me decomposed, sulphurous ai*id, H celerti, being elimi- 
nated, and sii]j)hur precipitated. Some time is now al- 
lowed, in order that tlic solution may clarify, and when 
this is cilbcted, the supernatant fluid is drawn oil' from 
Ifie precipitate anrl diluted till it marks 40"* Twaddell, 
and then cldorine passed into it to siituiMtion from a 
generating ai)piiratiis, such as tljat sliovvii in Fig. 2(k). 
Tlie chloiir\e [>asses otV from the stills, A, n, where bin- 
oxide of manganese and' hydrochloric acid are made to 
act upon one anothor, or 
260- clilonMc of ‘ ‘ dium, sul- 

L ]>hiiric acid, andbino.xidc 
of manganese, and pro- 
ceeds by the conduit, E, 
i ^ JL into the vat, where it libe- 

' rates the iodine from its 

combination in tlic mo- 
Iher liquor. The end of 
4 (jlSTM this operation is the de- 

composition of the iodide 
% ])rehciit, or rather of the 

V liydriodic acid, and the 

f ' evolutioi^ of the iodine 

l*y K'lbstitiition of 

the chlorine ; the iodine, 
being only slightly solnblc, precipitates, in transmitting 
the cldorine thioiigh the liqiiitl, it is iiceessaiy to guard 
against two evils; the first arising from the use of this 
agent in insullicient quantity, f(»r in this case the iodine 
com})ound remains in part undcromposed ; the second, 
])roduccd by an excess of the gas, owing to the forma- 
tion of cliloride of iodine, which passes off in va])or, 
and is lost. Hence, to determine the exact ]>oiiit, it is 
necessary to test a part of the liquid as well with cldorine 
as witb a solution of iodide*of potassium, to prove, on 
the one hand, if there remains any further portion of the 
salt unacted upon ; and on the other, if tlio agent be 
])re8ent in excess. Should tho latter be the case, a 
furthor addition of mothoi -liquor is made to combine 
witli the free chlorine. When the decomposition is 
complete, the contents of the vessel are allowed to 
settle, and after a time tho clear liquor containing chlo- 
rides and sulphates is drawn off from the iodine. Tlie 
latter is repeatedly washed by dcjcantation, till the 
washing gives no indication by tho hydrometer of the 





^riio next slop is the purification by a })roccss of 
Kubliraatiou in an ap])aratus like that shown in Fig. 
270. Tho iodine is introduced into the retorts, A A, 
which form a gallery of two rows, to the number of 
si\; they are immersed in the sand of the cast-iron 
case, Ti B, wldcli is heated by the fire, c. Into each ot 
tlc'so about forty-five pounds of tho crude iodine are 
introduced; they are then wholly buried in the sand, 
the neck as well as tlic body of the retort. This jire- 
caution seems ncci'ssary, to jircvcnt tho condonsatioii 
of tho iodine vai)ors in the neck, and the obstiuction of 
the ]>assage which would ensue. That this may be 
guarded against as much as possible, the necks of the 
roloHs are short, and the receivers jjkiccd in connection 
with them as close to tho sand-bath as possible. An 
cllijffical cistern, D i>, is used for this purpose, the lu'uk 
of the retort cnteiing at the side. It is furnished v»'illi 
a movable covei, i:, to facilitate ibe removal of ibe 
iixlino; it lias likewise a perfoiaterl plate at the bottom, 
11, to allow any water which may condense to diaiii off. 
A tuhiiliire, F, at tlio opposite siJii to that which re- 
ceives the beak of the retort, allows Ibe vapor of water 
to pass off by the pipe, F(i, out of tho range of the 
opeiation. In this w.i} tlie iodine is ubtaincil in fine 
lai-ge crystals. 

When the bromiuo which is present is to he reco- 
vered, the liquor drawn off from the precipitate is eva- 
porated to dryness, the residue eompound<*d witb snl 
phuric acid and binoxide of manganese, and distilled 
fiorn a leaden vessel, llromine passes over, and is 
received in sti’ong sulphuric acid, in which it sinks, and 
is thus prevented from fuming, and injuring the health 
of t,he workmen. 

iMFiiovEi) I'rocesses.— Barritfl’s proooss rcsom - 
bios thp last ia some of its operations. The remaining 
mother-liquor is evuporabid to dryness, the residue 
mixed with about one-tenih of its weight of binoxide 
of manganese, and tlicn boated to about incipient red- 
ness, the mixture being kept stirred all the time. Tho 
heal is continued till the sulpliidcs and Inqmsulpbites 
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are thorouglily oxidised, wliich is known by treating a 
sample of the substance witli sulphuric acid, and ob- 
serving if sulphide of hydrogen be evolved. In this 
operation the heat should not be raised to such a degree 
as would cause the evolution of iodine, of which the 
characteristic violet vapor would be an indication. 
Water is added to the mass, and the sulphutes and 
iodide of sodium are washed out ; using only as much 
water, however, as will aflbrd a solution of 30 ’ Beaunub 
Chloiinc gas is now passed through the filtrate, and tlie 
iodine which is preci])itnlod purified, as described in the 
preceding method. 

In order to avoid thojoss of iodine consequent upon 
the bur[)iiig of the plants for the production of kelp, 
Dr. Kemt* suggests a method whereby the iodine may 
be extracted, and the burning — as in the production qf 
keli>, by which, doubtless, much iodine is dispersed — 
dispensed with. His suggestion is to crush tiie route 
which contain the largest proportion of iodine, and to 
set them by in a heaj), lank, or any ctuivenient ves- 
sels, for a few days, and after the fermentation wbicrh 
ensues has subsided, to extract the soluble salts, among 
viluch will be the clnef portion of the iodides, with cold 
water slightly acidulated with ordinary hydroehlorie 
acid. This liquid is to be then treated with chloroxide 
of calcium — bleaching powder— in slight, excess, so as 
to liberate tlie iodine, and the latter j)recipitetcil 
adding to the Ihjuid a sufficient quantity of amido- 
acohitc of lead — prei)ared by nd<liiig a solution of tri- 
basic acetate of lead to well-waslicd potato standi— 
by which the whole of the iodine is carried down. 
The pnicipitate may be washed and dried, and in the 
hands of the mauiifacturer the iodine may be removed 
from it by ad<ling a solution of sulphide of ])otassium, 
which ])recipitAtcs sulphide of lead, leaving iodide of 
potassium in the liquid. After filtration the liquid may 
be concentrated, and the iodine extracted by ofjo or 
other of the processes montioned. Tlie fluids from 
which the precipitated compound of iodine and amido- 
acetate of hjad is separateid, may be liscfiil in an agri- 
cultural point of view, cither for mixing in the compost 
heap, or with other liquids in the manure tank. TJie 
cakes of C(dh?lar tis.sue wlu'eh result from the pressure 
of the material after femuuitation, may be dried and 
used as fuel ; the ashes being preserved, on account of 
the portion of iodine tliey still retain, as well as for the 
other salts, which are valuable, both in an agricultural 
and manufacturing ])oint of view. 

Professor Bechi has indicated a process by whieffi 
iodiiic may be ecouorrjically obtained from river atid 
otl er waters containing it in small ]:)roportion. Ilis 
method of procedure i.s, to treat the. waters with a mix- 
ture of one part of sulphuric acid and two of nitric, 
and to pass the acidulated liquor into a tank or vat, 
having a funnel-shaped bottom, and filled with lamp- 
black that has been heated to redness, or well-made 
ivory-black. The acids have the oflect of removing 
the bases from the iodine, and on transmitting the 
solution through the charcoal, the latter is retained. 
When the lamp-black is charged with the iodine, and 
it is desired to obtain it, a solution of potassa is added, 
or what is better, the carbonaceous matter is mixed 
with hydrated protoxide of iron in a tub. After a 


while ^he iodine is taken up, and an iorlide of potas- 
sium or of iron produced. When the action has been 
sufficiently completed, water is allowed to flow upon the 
mass to dissolve these salts, the solution being drained 
off in another funnel-shaped vessel, which is stopped 
in the tube part with sponge or other porous material. 
The liquor is evaporated to dryness ; and, in case of po- 
tassa being used, the ‘iodide and iodate are decomposed 
by sulphuric acid and binoxido of manganese in the 
manner described in the foregoing. The iodide of iron 
may bo oi)erated upon in the same way ; or, if it be 
tlmught better to diaj)en60 with the evaporations, a sul- 
phate of copper solution may be added, and the preci- 
pitate of siibiodide of copper, which falls after filtration 
and washing, distilled wilb sulphuric acid and binoxlde 
of manganese, vt cetera. 

In a paper by SciioNnEiN — see Chemical Gazette, 
vol. viii., p. IGG — several substances arc described winch 
are able to decompose the alkaline iodides, so as to 
liberate tlie non-metallic clement in the dry way. * Such 
arc the metallic oxides and acids, containing two, throe, 
and five equivalents of oxygon ; but many seem to exer- 
cise an unequal degree of power in eflccting this change. 
TJie most remarkable arc arsenious acid, chromic acid, 
sesquioxide of iron, and protoxide of copper; but there 
is dfingor in employing tlie first of these, lest a portion 
of the i>oison niiglit be driven otf by an increased tom- 
]>erature with tlie iodine, and thus render its application 
dangerous as a tberapoutie agent. When three parte 
of biebromate of pobissa arc ground and mixed with 
two of iodide of potnsMum, and the mixture is submitted 
to dry diMtillalioii in a stoneware retort, the whole of 
the iodine is set free, leaving in the vessel a greenish 
mass, wliich is a mixture of chromate of potassa and 
sos(piioxido of ehromium. I'he decomposition is rc- 
l)rescnted by the following equation : — 
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Tlie iodine which is thus produced is very pure, and 
: 0 loss either of it or the reagent is experienced ; for 
the chromate, wliiidi is a residuary product of the dis- 
tillation, is a vahiahlc salt, and applicable for many 
purposes ; whilst the green sesquioxide left after wash- 
ing away tlic former, may he employed as a pigment 
in painting upon porcelain, et cetera* or by fusing 
it with an alkaline nitrate and carbonate, it may be 
reconverted into a bicliromato of the alkali, wliich 
may be emplnyod to decimipose a fresh ])ortion of 
iodide. 

Iodine is also set free when anhydrous scsquichloride 
of iron is mixed with iodide of potassium, oven at ordi- 
nary temperatures ; and, on the application of heat, it 
passes off in dense vapors, %vhich may bo received in 
the usual manner. The change of the Bubstances in 
this instance is due to tlie reduction of the ferruginous 
scsquisalt to that of a protosalt; the liberated equivalent 
of chlorine assimilating with the potassium, and thus 
setting tlie iodine free ^ — 
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Resquisulplialc of iron may bo advantageously piib- 
stituled for tho preceding salt; for, wlien an alkaline 
iodide is moderately heated with it, dense vai>ors of 
iodine aro liberated, quite free from Rulphufoiis acid or 
other impregnation. IfeJicc, by emidoying sosquioxido 
of iron and iodide of potassium in equivalent proportions, 
and adding to tho mixture three e(pnvaleijts of sulphuric 
acid, 60 diluted as not to he able by itself to lib<‘rate 
iodine, tlion moderately heating — the wliolu of llic iodine 
passes over into the recc'iver, and the r(?Hidiuiry 
mutter is composed only of siiljihates of potassa and 
of iron, as may be kchui hy the sultjoiiKnl foiinul, 
r(‘prescMting the iiitereliaiige wliieh takes ])laee 


A— Fig. 271 —and covered with moist quartz, sand, or 
powdered glass, and heat applied, decomposition of 
iodide of phoBi>horu8, which is at first forippd, takes 
place, as it comes in contact with tlie thin stratum of 
moisture, and hydriodie and phosphorous acid are pro- 
duced ; tho former being volatile, may be conducted by 

Fig 271. 
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CDAiJUNATioNrt OF loDiNi:.— Alluslofi liHS ulivady 
been m.ide to the compounds which iodine forms with 
sfime of the other elements; and u short deseri[)tion of 
tlie more important and iiMiful products formed by com- 
Idning this elemtwit with otlieis, both of a Toetallie and 
nfui-melallic naliiiv, will now be given. 

All the non'iuelallu: cleiricnt,u\v Inidu'S, with tlie 
exception of iliiunno, are ciqudde of entciing into com- 
hinalion with iudiuo, citliei in single or iimliiple [iro- 
portions, and many of these eom])ouiids nro so persistent 
as to odor eonsidvrahle resislanee to opposing idliniLies 
before being resolved into their elements. Like ehloiiric, 
sulphur, pliosjihoi us, rl ciitraj iodine conslilutes witli 
hydrogen and oxygen acid compounds which, in their 
general charactcri^tii's, an‘ analogous in every respeet. 
With nitrogen and aimuonia it alibi ds a eompound 
wliicli is eminently explosive, but witli the other siirqilo 
bodies its combinations otlbr little interest Ixyorid tlie 
precincts of the laboratory. Main' of its compounds 
W'ith tlie metals are vc»-y valuabli', as well in iiiedicinc 
as in many branches of indiistiial ait; and to the 
chemist they are in frequent demand as ellbclive re- 
agents both for ascertaining the jiresenec and esti- 
inating the proportion of numeioiis bodies. Of tbesc*, j 
however, refercMice will be made oidy to those of alkali 
metals, iron, silver, nuu’cury, and a few others. 

Iodide of IIvjikoorn — llydriudic Add — LnUty- 
dde Acid . — Next to oxygen, ehJorine, hroiniiii', and 
Ihiorine, iodine manifests the greatest aliinity for hy- 
drogen ; consoipienlly, it abstracts this clement from its 
cornbinatioiiB of phosjihido of hydrogen, sulj)hidi 3 of 
hydrogen, ammonia, as well as from alcohol, other, aiul 
volatile oils; in eaeh instance hydriodie acid results. 
A similar motamorpliosis with regard to the iodine 
takes place when it is mixed with water in the pre- 
sence of -a body capable of abstracting oxygen from the 
latter ; and by.tlus imams hydriodie acid is sometimes 
prepared. Thus, vylnai a mixture of nine parts of 
iodiue mid om' of phos[(hovus is introduced into a tube, 
\0U lU 


a tube, n, to tbo receiver, c, in whicli it may be col- 
lected. The change of clmneiils in the reaction alluded 
to may he exi>rcssed thus : — 

riy 4 - 0 110 =: 3 no, V(\ 3 ni. 

Only a slight h(‘at should be apjdied to produce this de- 
eouipcjsitiqn, tor, if tbo temperature be elevated, some 
Icrbydride of phosplionis is apt to form and jiass over 
inlo the rr'ceiver, and eoutamiiiate tlie hydriodie acid. 
Anollier method is to coiiqamnd one part of phosjdiorus, 
fourteen of iodide of potassium, and Iwcnt}'' of iodine, 
with a little water, and submit the mixture to heat in 
a retort or distillatory vessel fitted up on tho principle 
of the apparatus in tlie preceding figure. When the 
evolution in this case becomes too rapid, tlie retort 
sbould be cooled by plunging it in cold water; and, 
on tbe otber hand, wlien it slaeLons, tlie lieat must ho 
rcaj'jilied. 

Several modes mny ho adojded for prej)aring this 
acid in the liipiid state : thus, iodide of barium or of 
lea<l may be dccomptjsed by an equivalent proportion 
(d’ suljdmrie acid, and tbo liquid, after filtering oT tbo 
insoluble ju’ccqiitato of sulphate of baryta or of lead, 
eoneeiitrafed ; this product will he aqueous hydriodie 
acid. Iodine is dilfused in water, and sulphide of 
hydrogen transmitted throu.gli it, when dcconqiositioii 
of the latter takes ])laco, sulphur being precipitated, 
ami ijydriodic acid pro(hicod. A difileiilty is, however, 
oxperiem*ed in this i)ioeess, notwithstanding its being 
cn'cctual— namely, tho evisceration of a poition of 
iodine by iJic depositing sulphur, by which the whole of 
Ihe former cannot he conveniently transformed in its 
liydracid. Dn^MAS proposes to remedy this defect by 
merely saturating a given volume of water with iodiiu*, 
and, after allowing the insoluble portion to subside, 
and decanting tJie brownish Huid, he directs that tho 
sulphide of bydro.gon should be passed through it till it 
becomes colorless. Tho deposited sulphur is then 
filtered, and the filtrate again charged with tlui iodine, 
and tho portion which dissolves again acted \Tjmn aa 
heforo. In this way the whole of the iodine may 

o D 
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converted into the acid ; for at eaeli succeeding satura- 
tion, in consequence of tlie portion of Lydriodic a(*id 
tliat is fprmed, tlie liquid acquires the property of dis- 
solving a larger quantity of the iodine. The process 
is troublesome, however, from the repeated fdtratious 
and solutions. Ilydriodie acid might be obtained with 
considerable facility by passing the gas tlirough a solu- 
tion of iodine in alcohol, were it not that some sulphide 
of carbon would be produced by the action of tlie 
sulphur on the spirit, and which could not he conve- 
niently removed. 

Ilydriodie acid, prepared according to the first of 
these methods, is a coJoiless gas, soluble in w^ator, 
and capable of strongly reddeaiing litmus; it has an acerb 
taste and very ])Uijgent odor, somcvvlmt similar to 
hj^drochJoric acid. M'^hen allowed to escape into the 
air, it produces dense white vapors, which are very 
sutlbcating when inhaled. Its density is 4*3757, 
according to Thomson, hut Gay-Lussac gives it 
4*4429, air being taken as unity ; it is neither a com- 
bustible body nor a supporter of combustion. Steam, 
sulphurous acid, ehlorine, biominc, and a few other 
bodies, arc capable of decomposing hyclriodio acid with 
I tlie separation of iodine in every instauciJ. Tlie gas is 
1 composed of half a volume of iodin** and half a volume 
of hydi'ogcn. In the liquid slate bydriodic aeid is coK)r- 
less, and of a speeitic gravity 1*700. It is higlily acrid, 
and possesses an odor similar to that of tJio gas. Dpun 
j exposure it giadiially BuUbrs decomposition, being 
converted into bydriodous acid with the evolution of 
hydrogen ; but, with prolonged contact with the air, 
the oxidised jiortion reacts upon the remainder, and 
causes the liberation of the iodine, which separates in 
fine lamellar crystals. 

Sulphuric acid, when concentrated, sets free the 
iodine, a portion of the agent being at the same time 
broken up into sul[)hiirous acid and ox 3 'gcn. Ilydriodie 
acid has been solidiiled by Faraday at a temperature 
of — 59*8' Fabr. In this state it is perfectly transi>a- 
■reiit and colorless, but intersected with fissures like ice. 
The tension of the vapor at 0" is 2*9 atmospheres. 

This acid is capable of decomposing the oxides of 
most of the mehils alVoiding metallie iodides and water, 
its symbol is III, and its aloniic Aveight 127. 

Iodine forms, with oxygon, comiionnds of various 
degrees of oxidation, the lowest being iodic oxide — 10, 
and iodous acid — lO^^; the highest iodic acid — 10., and 
periodic acid — 10,. The latter thrciC constitute salts 
with the metallic bases, which are called i(jdites, iodates, 
and hyperiodates respectively.* To enter into a d"i- 
scriptioii of the processes by which they are ])re]iar(5d, 
would not be warranted by the uses which tluiy serve 
— namely, of forming the links of analogy betw’oeii 
iodine and chlorine, bromine, H rrffra. 

With sulphur, pho.splioriis, chlorine, and bromine, 
it produces several compounds, which are very interest- 
ing to the chemical student. The combination of 
iodine with nitrogen is remarkable, in being analogous 
to the chloride of this element, although the explosion 
wliich it produces is much less violent. 

Iodide of Nitrogen . — If dry iodine and ammonia arc 
brought together in close vcbroIs, they form a brownish 
liquid, which is simply a combination of the two sub- 


slaiKX's, and whicdi may be represented by the formula 
3 (NHg) Tg. When, however, tiie iodine is digested with 
a strong solution of pure ammonia, the compound iu 
question falls as a black powder. The same change 
takes place when carbonate of ammonia is substituted 
for the caustic alkali, jar chloride of iodine for the pure 
element. To favor the reaction in tliis case, the mix- 
ture of the ingredients should he elfccto’d with a gentle 
abrasion in a mortar. The powder should bo washed 
on a filter with water, to remove the excess of ammonia 
and the ioditle of ammonium wliieh forms. Another 
method for jireparing the compound with equal facility, 
but without incurring the risk of spontaneous explosion, 
is to dissolve the iodine iu alcohol 54*5'" Twaddell, and, 
after decanting tlie tincture, saturating it with a strong 
solution of caustic ammonia. After briskly agitating, 
the mixture is diluted with water upon which the iodide 
of nitrogen pieeijiitates, and may be washed in the cold 
with this li(]uid either by subsidence ami decantation, 
or on the filter. The iodide thus produced is not spon- 
taneously decomposed : hut Si:rullas remarks, that if 
the iodine be precipitated from the alcoholic solution 
by water, and the solid tlms recovered ti'eatod with : 

amnionia, a compound results which is very apt to j 

exjiloile even during the jircparation. Subsequently to ' 
the affusion, the compound is dried carefully upon bihu- j 
lous paper at the ordinary temperature, lu peiformiug , 
this operation, care should he taken to divide the mass ! 
into small portions, which ought to be placed at a 
distanct‘ from one another, in order to preclude the 
possibility of an explosion of any considerable quantities 
of the salt. 

IVlii.LDN states that it may be desiccated witli safety 
in a bell surcharged witli ammouiacal gas, and no dc- 
comiiosition occurs even after lengthened exposure, pro- 
\lded the atmosphere is one of ammonia. 

'I'lio slightest cause is adequate to doeoraposi^ the 
iodide of nitrogen with a viole^'t ex}>loRiou, and the 
evolution of a violet light which is visible in the dark. 
The feather of a quill druvm over the jiowder is sufli- 
I’ieiit to produce this efiect, and if contained in n dish 
in moilerate quantity, the force is such as to shatter it 
in pi(‘ces. iOven if rubbed strongly under water, an 
explosion takes place ; but the causes which determine 
this change in the air are incapable to effect the de- 
composition wIkui it is mixed with large quantities of 
water. It is not liable to exidode by mere contact witli 
oils and fats, like tlie chloride of nitrogen. The pro- 
ducts of the dccoiupo-siliuii of this peculiar salt, 80 far 
as tliey have been exaiiiiiied, seem to be ]>ure nitrogen, 
finely divided iodine, and bydriodic acid; hut some assert 
that iodide of ammonium is produced. MARtaiAND i 
found that traces of tlie latter salt were formed upon 
the sides of a glass jar, in which portions of the nitro- 
genous com]>onmls had been successively exploded. 
Water gradually dissolves the iodide of nitrogen \ritli 
the formation of iodide and iodato of ammonia, free 
iodine, and the evolution of small quantities of nitrogen. 

By tlie action of heat, or sulphuric or nitric acid, the 
action is considerably expedited. Sulphide of hydrogen 
eflects an immediate decomposition of this compound, 
the ])roduc.ts being iyilido of ammonium, bydriodic acid, 
and sulphur ; the all^aJies,* lime, et cetera^ operate iu a 
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Bimilar way with the liberation of ammonia, and the 
formation of an alkaline iodide and iodate. 

Composition of Iodide of Nitrogen , — The composi- 
tion of this body is as yet somewhat doubtful, being 
regarded in the several lights of iodide of nitrogen — 
Nlj, iodide of amidogen — Nflj I, or as a mixture of the 
former of these with an equivalent of ammonia. ITie 
following are the data furnished by the calculations of 
the investigators whose names are attached : — 
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According to the recent analysis of Bunspn, how- 
ever, it appears that the c'ompositiori of the compound 
is Nlfl, NHj, but that another compound of those ele 
raents exists, presenting the coinj)osition inaicatod by 
the formula 4 (Nlj), Nllj, and which results from tlu' 
precipitation of an aqueous solution of chloride of iodine 
by ammonia. In citlicsr case he roganls those iodides 
as ammonia compounds, in which the hydrogen is en- 
tirely replaced by iodine, and which unite with an 
(upiivalent of uridecomposcd ammonia, as expressed by 
I the formnlcT. lie gives the equation representing th(‘ 
! formation of this explosive body by the mutual action 
I of iodine and ammonia, thus— 

SNTTfl -f- Tfl = (XH, NV, -f 3 HI 

Aniiuoiitft liHiino £xp1o^‘)ve cnnijiouDil Uydnodic acid 

And by the eflects of ammonia n 2 )nn cIilonMc uf Iodine 
thus — 

I 2 -f 3 Tdl =r (NTT,, NT.,) + 3 TTCI 

1 , — > , , , ^ > 

AiunioiUH. Chlorldo of Iodine J'IxploDivc coiiiiioan'l llydrurhjoiio hcid 

Combination of Iodine with Metals . — W ith most o1 
the metals Iodine enters into coriihinatiun, j>rodncing 
metallic iodides, hut, in forming such, very di verst 
phenomena aro cxliil)ited; some are 2 )rodncod in- 
stantaneously, on account of the force of tlie affinity 
which exists between tlie elements, wliilst others reqnin 
very careful and circuitous manqmlations, in order t< 
effect the union of both substances. 

Only a few of those combinations have been brougbl 
into use in the arts and sciences, consequently it will 
bo unnecessary to pursue their description beyond those 
compounds which ai'O available in medicine, photo- 
graphy, et cetera. Such are the alkaline iodides, iodides 
of iron, of mercury, and of silver, with a few othcra. 

Iodide of Ammonia , — Wlicn dry amraoiiiacal gas 
and iodine are brought in contact, combination takc's 
place, and a heavy blackish- brown, v«ry tenacious 
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liquid is produced; the same compound is obtained on 
gently heating equal weights of sesquicarbonate of am- 
monia and iodine in a retort or porcelain tube, water 
and carbonic acid being formed. The change may be 
expressed thus -- 

2 NII 4 O, 3 CO 2 +‘21 = 2 NTla I + 2 IIO + 3 CO* 

Hemjiili’urb'iiinto of lodinv. lodulc of uininouia Water Ciurbonlo oeid. 
aiuuioii.a 

Tlie compound is easily decomposed in part when 
hcat(?(l, ammonia being set free ; the chief i)ortion of 
tlie iodine salt, however, sublimes in violet-colored 
vapors. It indic.atcs the presence of ammonia and 
iotline. Its composition, according to MllloN and 
Binkau, is — 

MJLL(\N. 
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Iodide of Anunonhnn . — The compound which is 
met with in commerce, and intended chiefly for tlie 
pliotographer, is prepared by neutralizing a solution of 
ann.’')tiia with hydriodic acid gas, and subsequently 
decomposing any iodate of the alkali, by transmitting a 
slight excess of snljihide of hydrogen through the liquid, 
evaporating the liciuor in a wattiv-bath, and afterwards 
filtering oif any deposited suljihur. When the eva- 
poration is conducted carefully under the hell jar of an 
air-jmrnp, the salt crystallizes in cubes and is colorless; 
but if exposed to the air, it readily deliquesces, and 
turns brown, owing to a portion of the iodine being set 
free. It may be jwtipared likewise by bringing ani- 
moniacal and hydriodic acid gases in contact, or by 
decomposing iodide of iron earhonale of ammonia, 
tillering oil’ the fciTUginons precipitate, and evaporating 
the solution till tlie iodide crystallizes. 

The iodide of ammonium tlins prepared is a vciy 
dcli<piosceiit salt, very soluble in w’ater and alcohol. 
By keeping, oven in ditTused daylight when out of con- 
tact with air, it decomposes, turning browmish -yellow, 
a^iinonia being evolved. It may bo represented as 
Nil, I, or Nlly HI, and its per contage composition 

as — 
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Iodide of Pokmiam . — This salt i^one of tho most 
valuable compounds of iodine; its importance is de- 
rived from its medicinal eflects cliiofly ; but as a reagent 
in the laboratory and in photograpliy it is, especially 
for the latter, in general use. There are several recipes 
for preparing it, the most appropriate of which will bo 
hero noticed. 

When potassium and iodine, or iodine vapor, aro 
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brought together, rapid combination takes i)lacc 'with 
a considerable rise of temperature, and the evolution of 
a violet light. If tho combination be aided by heat, the 
union of tho two elements is often attended with a 
violent explosion. Tlic result is iodide of potassium. 

To prepare this body with materials whieli are 
more easily obtained, and at less cxi)enso and tronblo 
than potassium, other processes are adopted. 'I'lie 
simplest of these aj)poars to be the fellowijig : — Pow- 
der^jid iodine is agitated with a Roliitlou of eaustic 
pot-ass, a as long as the former dissolves. Its point of 
saturation is known by tlie lifpiid ue(|niring a brownish 
tint. When this happens, any excess of iodine is re- 
moved by snl)sid(‘ncc and decantation of the liipior, or 
I it is acted n])ori by a propoi donate quantity of the 
I alkaline lie. J\y (evaporation there is obtained a white 

i' residuary mass, consisting of iodide and iodate ; the 

* I latter is decomposed by lioadng tho mass gently for 
I some time, when iodide of potassium only remains. 

I Tliere is iiccmI, how(n’(T, of giving particular attention 

I I to this part of the operation ; for if tlio temperature he 

I too elevated, some loss of iodide of potassium by A'ola- 

1 tilizaticm is Mist. lined ; and, on tlie other hand, if too 

I low, poJtions of iodate remain undecomposed and eon- 

I taminate the salt. d\) avoid this, OiiriLA, and lattialv 

j ScANLAN, recommend to mix tho dry residue with 

; eliarcoal-powder before submitting it to tho action of 

I the heat; this has the elTcct of bringing about a 

I more perfect decomposition, and at a lower tempera- 

j tnre, tlian could be efiected without it. Ko iodine is 

i liberated, and the whole of the oxygen of tlie ioiiate is 

taken up by the carbon, whicb is tlcTcby eonv(‘,rU‘d into 
carbonic acid. After beating, tlie mass is cxliausted 
with water, which dissolves out the iodide. Alcohol 
may he substituted with adv.mtage when a very pure 
product is desired, for this takes up only the ioilide 
and loaves tho carbonate of potassa, wliicli is ne.uly 
always present. By distillation the sjiirit may be re- 
moved, and tho iodide crystallized from the conecn- 
tralcd aleoladic solution, or from wafer. If llie n-sidue, 
after the tirst evaporation, hi' tre.ated with alcohol only, 
the iodide of potassium dissolves, tlie iodate and any 
I carl)(5nate whicli might liavc liecn present in tho alka- 
i lino liquor remaining hohind. This icsiduury sail may 
lie afterwards heated with charco.il, and tho iodide to 
w’hich it is reduced extracted as above. In both cases 
the changes which occur may be tliiis symbolized ; — 

C K.() -(“ Ifl — 5 KI -}“ bo, lOfjj 

die final product by the application of tl»c heat be- 
coming iodide of potassium, thus: — 

KO, lOij = KI -f Of,; or, KO, 10^ -f C.j = KJ + 3 00,„ 

Tho method of saturating a solution of jiGtassa, or of 
carbonate of potassa, with liydriodic aeifl, ofTers very 
good results, were it not that thci yireliminary operation 
I involved in the preparation of the hydriodic acid rcnd(;r8 
the course rather circuitous. By forming an iodide of 
zinc, as recommended by le Kover and Dumas, tlie 
operation is shortened and simplified. Zinc turnings, 
water, and iodine arc agitated together in a close vosseJ, 
and the metallic salt which is thus produced is aftci- 
warcls decomposed by addition of carbonate of potassa 


to the liquid as long as a jirecipitate appears. Tho 
carbonate of zinc is filtered, and the solution evaporated 
to the crystallizing point. This method is objected to 
on account of tbo dilTiculty whicb is experienced in 
removing the last traces of iodide of zinc. In order to 
obtain a pure salt ^.y tliis^ process, Girault gradually 
pours the cold solution of the iodide of zinc into a boil- 
ing liot one of carbonate of potassa as long as tliore is 
any (illbrvcsccnco observed ; cold water is then added to 
the mixture, and tlie whole liltiued, and the carhonato 
of zinc washed twice with water. I'lic trace of zinc 
still held in solution is removed by the cautious addi- 
tion of carhniiatc of potassa, the precipitate filtered, and 
tho liquid concentrati’d and set by to crystallize. By 
many iron is substituh'd for tk; zinc, but the furtJicr 
slops ill the process arc decidcdl)' tho same. Two parts 
of iodine, one of iron, and tcui of water are agitated 
together in a close vcs.sel till tho liquid lost^s its brown 
roloi ; as stum as this Imppons, the liquid is filtered, 
and im*cipi|,itcd by a solutinn of caustic or of carbonate 
of potassa lit'alcd to the st'cthing point. Care must be 
taken that the air is as much as jfossihle excluded dur- 
ing tlu? production of the ioilitb‘ of iron, so as to ])reveiit 
the foi Illation of a basic iodide of tliis m(‘tal, which 
could he dccoinpos(-d only by an excess of alkali. 

Tilt' J >ii])lin college directs the conversion of tin? iodine 
into hydriodic acid by sulphide of hydiogen, and the 
iitMitrahzation of this jirodiict cither by pota.ssa or car 
bonate of this alk.ili. Taudie enijdoys an alcobolic solu- 
tion of iodine, or iodine tlifiiised in water, and adds to it 
an aqueous or alcoholitj solution of siilplddc of potassium 
till the whole becomes colorless. Sulphur which sepa- 
rates in tins opei-ation is removed by filtration, and the 
liquid cvapoiated to obtain the salt in a crystalline .stab*. 
Jt m.iy bt', observed that in this ])roecss, wlum aleoliol 
is cnqiloycd, tlie iodide ol ]»otassiinn js nlways more or 
less of a brown eolor. Fuitliei. when the sulphide of 
potassium i-^ presmitin excess the liquid becomes cloudy, 
to reinovt* w hit'll a gi eater ijuantity of iodine must be 
added Notwitlistanding these [uecautions, it appears, 
that tlie iodide of the alkali pioduccd is, to some ex- 
tent, iijqjregnated with sulphur; for upon heating, it 
turns giey, and evolves siil]hide of hydrogen. The 
ju'oecRs reeommentled by SrurJiANi is merely the old 
one of Tuuneu, nKuitioned above, modified. Into a 
hath of the caustic alkali, iodine is introduced in small 
portions at a time until tho liquid begins to be tinged. 
Tilt', w'cight of iodine nccossary to ellect this is found 
by having a detorinined quantity of iodine to begin with, 
and wtiighing wdiat remains. After tlio point of inci- 
pient coloration is obsrMved, as much more iodine ns is 
already contained in the liquid is to he added, and tJie 
whole agitated until it dissolves. Iodide of potassium 
anti iodate of potassa are thus produced, and by treating 
tho liipior with snl[)]iide of sodium, prepared by satu- 
rating a solution of an equal quantity of alkali to that to 
which the iodine waa added with sulphitle of hydrogen ; 
both liquors are mixed and left to repose, wlien, by 
mutual decomposition, the contents of the vessel become 
mudtly in consequcnco of the deposition of sulphur; 
after a short interval this snljihur falls to tho bottorn, 
when the wliole is passed tlirongh a filter, and the per- 
colating liquid coneenlratod so as to obtain the ealL 
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Stkfiiani states that very beautiful transparent crys- ! 
tals are obtained in this way, and which are quite 
different in this respect from the salt met with in the 
market. 

Iodide of potassium crystallizes from its aqueous 
solution in the form of cubes, parallelepipeds, pyra- 
mids, (tr octahedrons; and, according to Kane, some- 
times in forms belonging to the square prismatic 
system. The crystals arc soluble in about three- 
fourtlis of their weight of water at ordinary tempera- 
tures, and in six parts of aleoliol of 0’85 specitie 
gravity. By this solution in water the temperature 
is rcdiieod about 75’2". The boiling point of the 
saturated solution is about 248'’. The salt melts at a 
tonjperature below redness, and forms pearly crystals 
on cooling ; if air he admitted to it whilst in a state ut 
fusion, a portion volatilizes undccoinpoKed. ScuiNOJ.Eit 
found, when performing the experiuKMit in glass tubes, 
that the volatilization does not take place below the 
fusing point of the glass, (’ililoiino, sulphurous acid, 
sulpliuric and nitric aeids, arc (;a]).iblc of deooinptjsing 
iodide of potassium, yielding iodine in the free stale ; 
or, in the case of sulphuiic acid wlicii diluted, hydriodic 
acid, as noticed under the ninniifacturc of iodine. Ac- 
cording to (taT-I^ussac, it may be rcpro.sentcd by K1 
being composed of — 


1 Vq, of I’ola^isKJTVi . . 

1 lOij. ol iodine, . . . . 
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1 E.j. of Iodi<lo of JG.“1 =: JOO'fJU 

Tlie iodide of potassium i^ lial»]<‘ lo much adulUn'a- 
tion, as well from the nature of the ])iocesscs fol- 
io weal in ils njanufact»ir(‘, as from iidrulioual addi- 
tions of other bodies of less value. Those bodies, 
the i»resence of which is consequent uium the niethnd 
of nuimifactiire, are carbuiiale of potassa, chloiiiU* 
of potassium, sulphate of jiutassa, iudat(i of jiotassa, 
litid, under paiticular circuiustanci's, truces of a suh- 
siarice knowai as xanthate of potassa. (’arhonale ol‘ 
.polassa, deiived from the imjierfect ncuiiali/ation of 
the iodide or lijdi iodic acid, in the lirst instance, 
may be discovercid 1)Y the itflcivesccncc which ku(‘- 
ccods the addition of hydrochloric a(‘id to a portion of 
the salt., and also by ils solution giving a precipitate, 
with lime water; this imjmrity remains undissolvcd 
when the salt is treated with alcohol. Tiaces of alka- 
line chlorides may l)e derived from its bciing contained 
in tlie alkali taken to prepare the salt. Tlicir presence 
is detected by its giving a precipitate with nitrate of 
silver, which is soluble in ammonia, and is rcpreci})itated 
from this solvcmt in the stito of wliite chloride of silver 
by nitric or Bulphurie acids. Sulphuric acid is detected 
by adding to a weak acid solution a few droj)S of chloride 
of barium. Alkaline suljihatea are also left undissolvcd 
when a portion of the sample is treated with alcolioh 
Xanthate of potassa is produced when the iodide is 
prepared by the action of sulpliide of potassium or oi 
barium upon iodine dissolved in alcohol. When this 
body is present, the taste of the salt is like that of 
asafentida; it turns greyish-browu on being heated, 
and evolves sulphurous acid ; when the heated residue 
is treated with water, a substance remains undissolved 


which is composed chictly of carbon, but traecb of sul- 
jdiates are found in the solution. lodate of potassa is 
detected by adding a weak acid, by which hydriodic 
acid is liberated ; this effected, the liberated hydracid 
exercises a deoxidizing oflbet upon the iodate, its hy- 
drogen combining with the oxj^gen of the iodic acid of 
die latter, and setting the iodine free. Thus — 

KO, lO., -f cm = K1 -f OIK) 4- Ig. 

Such disengagemont of iodine is indicative of the pre- 
Kciice, not only of an iodate, but likewise of any other 
of the higher oxygen acids. Exclusive of the substances 
mentioned, and which are never contained in greater 
proportion than one to two ]>er cent., adulteration of 
this salt has becjn known and delected to the extent of 
seventy and eighty per cent. 

Besides the process, which will be detailed at the 
end of this article, for the analysis and determination 
of iodine, as well in the commercial article as in the 
iodides of the metals, a simple process, aiqdicablc for 
the estimation of the amuiint of iodide in the alkaline 
sidts, may be here mentioned. It is founded upon 
the behavior of the alkaline iodides wdlh chloride of 
mercury, whereby an eipiivalent of cither the [lotas- 
siiim or sodiinn salt ])reci(jiiHles exactly an equivalent 
of chloiide of mercury in the form of iodide. The in- 
soluble compound thus formed is, however, redissolvcd 
by a second ('qiiiviilent of the alkaline salt, in conse- 
quence of the jtnahicfion of a soluble double iodidcj of 
mercury and potasi'inin. The reactions may be ex- 
pressed thus: — 

KI -1- = Ilj:T + KCl 


Tuilwli' of 


ol 


And secuiidly- 


It -l 4 Kl = ITrJ, KI 

1^1.1. of .CiiiMt (l.iiiM. loili lo of 

TIUK'liy |l< lll.oUiUL UltTi lll^ (111(1 O lil 

4'o test tlie salt, two cqnivalt'nts — ,‘k-JO parts — and one 
cqni\a]ent of chloridi; of nnucury-— loT) 5 parts — or 
any loss weight of each, ]iJovi(lcd this ratio is retained, 
are WTighod and dissolved in equal measures of w^ater, 
say one tliousaiid grains. To the solution of the iodide 
the mercurial liquor is to he added till a permanent 
j)recipitate appears. Should it happen that no tur- 
hidness arises, even wjicn the whole of the latter liquor 
has been added, it is a proof that no adulterant exists 
ill it; but if a procii>itato should oceur when only the 
one-half or onc-fourth of the mercurial liquor has bexui 
poured in, it is evident that the iodide must be adul- 
terated with one-balf or ono-fourtli of some spurious 
matter. When iodide of sf^dium is to be tested in this 
way, it wall be clear that tlie wa.‘ight of the salt to bo 
taken will differ from that spocilled for the potassium 
salt, in proportion as its equivalent w’oight is less ; that 
is, only two hundred and ninety-eight grains arc re- 
quired. 

Iodide of poUssium is used in the laboratory as 
an agent for produeing metallic iodides, and by the 
photograjiherB largely, in preparing the silver batlis 
wherein the plates are immersed ; its chief application 
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is in tlio Ijitter art, and in medicine. Its medicinal 
])roportioa arc, in a great measure^ similar to tJiose of 
iodine itself. ‘ For further information on its phj^siolo- 
gical properties, the reader is recommended to consult 
llm able work of the late Dr. PunFiKA. 

Iodide of Sodium, — The description given for the 
obtaining of the preceding iodide will fully answer for 
the manufacture of this compound. The crystals, how- 
ever, retain four equivalents of water when they form 
in an aqueous solution of the salt ; they are larger than 
those of iodide of potassium, and present the appear- 
ance of oblique rhombic prisms; they melt in their 
water of crystallization when heated, giving the an- 
hydrous salt ; if the temperature be maintained, they 
dissolve in 0 '(i parts of cold water. Accoiding to 
idiTscinuiLicii, it is couq^osed of — 


1 of lodiJc i/f sr*,liuiu 

4 of \\ iitor 


T l»o«iry borUeli. 

1 U) — SO-'Jl = 80'(i 
AG = =r J')4 


N.I r, 4 no. 

Todi(h (f Iron , — This salt, as already inlimah'd, is pre- 
pared hy agitaiiijo water and iron turnings, or fine wire, 
and iodine together, taKing the precaution to retain the 
presence of an excess of the metal, 3’hc iodine attacks 
the metal, and cond'ines with it, forming a soluble iotlide 
of iron. The compound, though readily j>r(*])ared in the 
Slate of solution, is more ditHeult to oldain as a solid, 
owing to its tendency to decom[)ose, yielding free iodine 
and a basic iodidt', which is luit sparingly soluble. 
During the conccntralion of the sedution of iodide of 
iron this clumge occurs, unless it be guarded againsl 
by the evaporation Ix'ing coiid noted in an iron vessel, 
or in contact with iion wire, wliicli [)revents the oxida- 
tion of that poitioii of die salt which is alnauhMbrmi’d. 
Carefully coucentvateil thus, the conqiound may he 
obtained, on c(»oling. in the state of a crystalline mass; 
hut in this condition it cannot l>e long pic.scrvod, csjie- 
cially when air has contact with it, iodine being set free, 
as just indicated, arid an oxide of iron mixcal witli 
iodide remaining. 3’liis salt is of no very great im- \ 
portanco; it i.s sometiim^s emploj’cd in medicine, 'vvit/i I 
other substances ; it is also occasionally used as a : 
photographic agent, its symbol is Fe 1 , and the 
atomic weight, 164. 

Iodide of Mercury . — Mercury i.s cap.ahle of form- 
ing Beveral combinations with iodine, but that which 
■**’ill be noticed more particularly here, is the ioilide 
or protiodido of the metal. If tw'o equivalents of 
mercury and one of iodine are triturated together in a 
convenient vessel, moistening the whole with alcohol, 
a subiodide of mercury is obtained in the form of a 
greenish powder ; the same, compound is formed wheij 
a solution of subnitrale of mercury is precipitated with 
one of iodide potassium. The resulting mass is com* 
posed according to the formula Plg,^ 1 . 

Tf iodine he ad.led to the solution of iodide of potas- 
sium, and the brownish liquid w’liich results be mixed 
with a solution of subnitrate of mercury, a precipitate i 
falls which difters in composition from the foregoing. It 
may also be procured by adding the iwlidc of potaseium 


to an acid solution of the mercurial salt, but the first 
is the surer method. It forms a yellow powder, which 
is apt to vary in its composition, according to the con- 
ditions in which the two salts are brought together. 
When treated w'ith an acid, a red salt — ^the iodide — 
depo.rils. According to Boullay, this compound is 
composed of four Equivalents of merciny^ and three of 
iodine, and is represented by the symbol Hg^ T 3 . The 
most remarkable of the mercurial compounds with 
iodine, owing to its fine scarlet hue, is that which 
is thrown dowu when dissolved chloride of merenry 
— corrosive sublimate, ITg Cl — is added to iodide 
of potas.sium. If the iodide of potassium has been 
added only sparingly, the tinge will be duller, in conse- 
quence of a portion of chloride of mercury being carried 
dowui ; on addition of a further quantity of the re- 
agent, howTver, this is displaced, and the whole of the 
quicksilver is converted into the brilliant-colored pre- 
cipitate. The operator should guard against tlie op- 
posite extreme of using too great an excess of the 
iodide, which would have the elfcet of redissolving it, 
and producing a soluble double iodide of mercury and 
of potassium. 

The rod iodide of mercury may likewise be obtained 
by triturating iodine and the, metal togoflier in the ratio 
of their equivalents, alcohol being added. This, how'- 
ever, should be done with only small portions at a 
time, for, wluui large quantities are operated upon, the 
tenijHirature becomes so elcvatial as to volatilize much 
of tlie iodine. A duller-tinted compound is produced 
m this way, than thni, which results from precipitation 
with iodidf3 of potassium or hydriodic acid. 

When tho iodide of mercury thus prepared is heated, 
it fuses, and a dark yellow mass remains, which, on 
solidirving, retains tho yellow hue. As tlie tempera- 
ture lowers, however, the original color is regained. 
The composition in both cases remains unaltered, con- 
sequently tho dimorphous eft'cct must l>o attributed to 
a molecular arrangement wtnidi is produced by the 
increased liiait. Iodide of morcui'y is slightly aolubh*, 
in water, alcohol, and other, but hydrochloric acid, and* 
various alkaline salks, dissolve it completely, producing 
soluble double salts with it. Its composition is— 


1 E(] of Mort'nrv 
1 K4. ol Itnlim*., . 


Cenlcriimnlly, 

... 100 44 •‘i.'’. 

. . 120 .^^*7.^ 


1 Kq. of Itulidc of mercury, . . 22C lOO'OO 

agreeing with tho formula Ilg T. 

Iodide of mercury might bo used as a pigment. 
It has been stated, by several French chemists, that its 
em])loyment was contemplated some few years ago by 
Knglish dyers and printers, for giving a bright color to 
cloths, but the Editor has not boon able to learn any- 
thing of its application in this way. 

Iodide of iSV/tvr.— This salt is easily prepared by 
adding to a solution of a soluble silver salt, an aqueous 
one of hydriodic acid, or of a soluble iodide. It forms 
a yellowish-white precipitate, whidi, when dried and 
heated, fuses to a reddish liquid mass, but ebafiges to 
a dirty yellow. 

The same salt is formed when iodine is made to act 
upon silver foil ; or, according to M. St. CiaIre Dfe- 
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\ILLE, wJieu conceutruted Lydiiodic acid is poured 
upon the metal, hydrogen being abundantly eliminated. 
It is found native, as specified in the beginning of this 
article. Iodide of silver is soluble in an excess of the 
alkaline iodide to some extent, but is only sparingly 
dissolved by water ; it is not dissolved wholly by am- 
monia, lilce the chloride of tliis metiil. In tlic presence 
of moisture, chlorine decomposes the iodide of silver, 
yielding a chloride of the metal and free iodine, which 
may be expelled by slightly raising the lcrui)cratunj. 
This reaction does not take place at a high tempera- 
ture, as ascertained by M. St. Claike Deviixe, but, 
in fact, hydriodic acid is capalde of expelling hydro- 
chloric acid from chloride of silver, and producing an 
iodide instead, contrary to the received opinion of the 
force of the affinity of these elements, lie also found 
that on making a mixture of hydrochloric and hydrio- 
dic acids, and adding it to a solution of a soluble silver 
salt only iodide of silver was produced. Clilorides of 
potassium and of sodium, dissolved in a small quantity 
of water, dissolve iodide ol‘ silver freely. Strong nitric 
and sulphuric acids arc capable of liheratitig iodine 
from Uie iodide of silver, a nitrate or sulphate of the 
oxide of the metal being formed; this does not happen, 
however, when water is present, or llu! diluted acitls 
are employed. Iodide of silver contains — 

COTltCMlllI ’iV 

1 Eq. of Silvnr UiK . . 4o*ir) 

1 Eq. of loilijie, IL’) . " J-SO 

1 Eq, of hulide of silver, .. 100*00 

j consequoutly, its formula ih Ag I. 

I The chief use which is made id' this hoily is in 
Photography, and the various other systems in use for 
taking impressions of objects by the iniiuence of light. 
As, however, in a future article tliis beautiful and very 
interesting art will ho* fully discussed, the action of 
light upon the salt in question will not be further 
pursued here. 

EstiiHaiion of Iodine irU .n nneumhuo d and in com- 
[ bination . — The mmiite proportion of tins olenicnl, vvhicli 

lias often to he soiiglit hi jdauts, liitiiminous and other 
I shales, waters, and even in the air, lias taxed the in- 
I ventive powers and researches of chemists for inctliods, 

I of which the accuracy might be commensurate with 
I the evident dilficulty of the task imdertakon. Fortu- j 
j nately, iodine comports itself with a few bodies in : 
such a characteristic way, otfeaing indications so 
marked as not to he surpassed in this respect by any 
other substance known. These are starch, silver, and 
palladium; and by proper modifications in tlic ajiplica- j 
tious of only those three bodies, the methods for tlj(‘ j 
estimation of iodine, as widl wlicn free us when com- 
bined, are not exceeded by any otliov class, either in 
their accuracy or extent. 

Some of these methods arc of recent invention, wliilsl 
others date from the first researches made* iqion this ele- 
ment by Gay-Lussac and others. Iodine in quantita- 
tive determinations is never weighed alone, hut In com- 
bination with another body, with which it is chemically | 
united — silver or palladium. Those ofler the greatest | 
fieourity for accurate results, since thpy produce com- j 
pounds with the iwliuo which aie uiiatVociod by mi-sl 


other siihstaiices. As a piclimiuary to the estimation 
either by silver or palladium, it is necessary to convert 
the iodine into hydriodic acid or into an alkaline iodide; 
and for this purpose a sample is weighed, and treated by 
any of the convenient methods already detailed for the 
production of hydriodic acid or iodides of the alkalies. 

If the iodine is mixed with potassa sparingly, and the 
brownislj liquid treated witli sulphide of hydrogen till 
it becomes coloiless, iodide of putassiuiu results; hut 
ill adopting this piocess, the last traces of the sulphide 
of hydrogen must 1)0 expelled, so as tlu'y may not in- i 
terfere with the suhsequent precipitation with nitrate | 
of silver. A solution of the latter salt with a little ! 

nitric acid is then added as hmg as any precii>itale is j 

formed. Ey placing the hoakei in a warm situation, the 1 1 
yellew iodide of silver falls, aiid the su[»ernataut clear ^ ! 
liquid may be decanted; the residue in tlie beaker may ; I 

be washed eillicu’ by adding waler to it, agitating, and , I 

after it lias Hu]>Bic.led pouring oil the clear solution, or 
it may he thrown upon a filter, washed tlioroughly, 
and dried in the waler-hath. The hulk of the precipi- ' 
tute is detached from the filter, and introduced into a i 
porcelain crucible; the jnqier being burned on tlie 'i 
lid at as low a t(;in[>erature as possible, and tlie ashes | ‘ 
added to the matter in the vessel. Subsequently, the i 
whole is heated to a low red heat, and when cold, 1 

W(‘ighed. From the w'eiglit of the suhstanoo, minus i 

that of the fiJter--ash, that of the iodine is calculated — | 

234 jiarts of iodide of silver being equivalent to 120 ! 

parts of iodine, ! 

In conducting this oiioratiou, it vvould he bettor to 
wash the precqiitate hv* ilocantiition, and afterwards to 1 

tiansfer it into the ci ucible, eva])orating the water from i 

the Litter in the l)ath, and finally slightly heating over * 

the lamp and weighing. No loss would he incurred in I 

this by reduction of any part of the compound, as is j 

done wdicn a filter is employed. In either case, how'- | 

ever, the results are very aciuirate. When a palladium | 

salt is .at hand, the mode introduced by LvVssAJaNE is ; 
still better, and is now almost in every instance pr(^- ! ' 

ferred to that just desenbed. It is the more certain i 
and convenient, as it uiVers a means of deU'rmining tlie i 
iodine, even in tlie ]jresenee of ehlorino and bromine, i 
which the use of silver does not. The following is the j 
method. — The liquid containing a weighed portion of ! 
the iodide under cxaininalion, or of the iodine converted ! | 
into an icnlide or hydriodic acid, is to bo slightly uckbi- j 
l.itod with h}diochloric acid, and a solution of the | 
])ic)tochloride of j)alladium added as long as a precipi- { ! 
late continues to form ; the vessel is then placed in a j i 
warm situation for twenty-four or forty-eight hours, at i ! 
the cud of w’hich time the clear liquid is passed tiuvmgh ' | 
a filter, and the russet-black precipitate collected ; it is 
w'ashcd witli warm water, and subsequeiitly dried till 
the weight remains constant, and the iodine calenlatod 
from llic quantity of iodiilc of palladiuui thus found. 

As it is somewdiat dilTicuit and tiiijious to dry the pre- j 
cipitate when waHhod with water, it W'oiSd he well to I 
pour some alcohol upon the filUM’, after all the impurities 
have been first removed by the hot water, and after | 
the spmt has passed through, to replace it with a little j 
ether. When exposed to heat, the volatile liquid will 
readily escape, leaving the mass quite dry. Feesenics ' j 
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recoranionfls to oxeiccate the compound in vacuo over 
sulphuric acid. As the iodide of palladium is decom- 
posed into iodine and metal by heat, the weight of the 
compound is taken after driving oil* all moisture by long 
exposure to a low temperature, or as above described ; 
and as this is done in contact with the tiller, the lathjr 
oughttobetart 3 d before collecting the salt, and after being 
exposed some hours to a heat of a watcr-hath. One 
hundred and Kcventy-iiine parts of the. dried salt— pal- 
ladium 53 -f- iodine 126 — contains one hundred and 
twenty -six of iodine. According to llosf:, the iodide 
after ilesiccatioii may he heated in tlio usual way in a 
]>latiniim or porei^iaiii crncihle, and from the weight of 
the palladium vvliicli is left, the iodine calculated. Las- 
SATGNE found that the 4 (To)ooT)th of iodide of po- 
tassium could he determiried in a liquid by this means, 
and the modilications, to whioli reference w'ill be made 
presently, show that this is fully corroburaled. 

Upon the le.ietion of eldorido of palladium wilh hy- 
di iodic acid or a solnhle iodide, Kekstixg has founded 
a volnmclruuil metluxl of analysis for determining this 
olemont. lie prepaies for tlui purpose a miiiiher of 
lest liquors with pure io<lide of ])otassium and proto- 
eld(.ridc of palladium ; the iodide of pijtassiuni solulion 
is made of such a strength as to eiuitain one juirt of 
incline in a thousand of tlie li(|uld. This is done ])y 
dissolving 13‘J [»arts of (he ignited salt in ten tlionsaiid 
parts of distilled water. 

The palladium test liquor is prepared hy dissolving 
one part of the iiiet.il in uitroliydrochloric acid wdth 
the aid of heat, evaporating the Rohition to dryness. in 
.1 watcr-hatli, and adding to the residue fifty parts of 
concentrated h^ druchloric acid and two t]ions«\nd parts 
of water, agihiting the w'^holc, and then allowing it to 
rest, to part w'ith any insoluble matter. The value of 
this liquid is to 1 k 5 ascertained hy adding to a given 
volume of it the iodide of potassium Holution in sucees- 
sive [)ortioiis, till tlio whole of tlic metal is thiowii 
iluwn. If the iodide test liijuor be poured from a 
burette holding one thousjind giains of water, and 
divided into one hundied divisions, tlie amount of 
I palladium in the volume of solution operated upon 
I may be readily ascertained from the nuniher of mea- 
sures of the other added, since eaeli division (-ontains 
exactly O’l grain of iodine, which is equivalent to 0 
of palladium, since 126 : 0*J :: 53 : 0 (M2. 

Having thus asc,ertaincd the quantity of materials in 
the two test liquors, the iodide to be examined is dis- 
solved in water, if it admits of this treatment; a eertain 
measure, is Hum taken and operated upon qualitatively, 
as it wmre, in older to unive at a knowledge of the. 

' probable quantify of iodine contained in it. For tliis 
I purpose a number of measures of the palladium liquid 
i is taken in a Husk and lieate.d in the water-bath ; the, 

4 measures of the liquid under oxarniiiation are diiuU'd 
j I til] the ten make one hundred or a thou.sand grains, 
j ! Afh^r the pdladium solution is warnu'd, the other is 
j dro[>ped in from the burette in portions, taking care 
1 not to add too much at once, an<l also to shake the 
; flask after each addition. The precipitate readily falls, 

I and by chawing off, by means of a pipette, tw’o portions 
j of the liquid into two tidl narrow foot glasses, arnl add- 
ing to one a few drops from the bunittc and comparing 


it with the other, it will bo readily ascertained whetlier 
the whole of the palladium has been thrown down. If 
not, a further addition is to be made to the solution 
m the flask, to which the portions taken out for trial- 
tests must be put, and the whole left for a short timd 
in the bath, heated as before from 140“ to 212“, and as 
soon as the solid Mias settled to the bottom, a similar 
trial-test made. It is needless to say, that as tlie precise 
point is approached, the solution of iodide of potassium 
must be added more sparingly, and, when gained, the 
two liquids oiiglit to be tested with the iodidixof potas- 
sium and with the palladium liquor, using the former in 
one of the tcbl-glasses, and the latter in the other. If no 
indication is obtained, it is proof Hiat the whole of the 
palladium has been precipitated. Should, liowcvor, an 
excess of the iodide be added, the operator ought to 
introduce a few measures of the palladium test, and 
proceed more eaiefully in tlie precipitation till the de- 
sired point is attained. From tho number of measures 
of the metallic solution operated upon, it is easy to 
ascertain tlie iodine, calculating from the data given in 
the preceding. A second test may now bo performed, 
employing a givim mnnber of measures of tho solution 
containing the iodine, and adding the other test solu- 
tion till there is no furtlicr sfqiaration of iodide of pal- 
ladium, in ord(‘r to atj^ive at the true amount ol iodine 
witli greater eertainty. 

If the iodid<' under (‘xarnination should be insoluble in 
water, or not well adapted for immediate solution, on 
account c*f udniixture willi foreign sidiMunces, it must 
be diMilled from a small retort, with the nei‘k turned 
iqiwanls, with sul}>hinic acid, using for this purpose j 
about twenty measures of the burette of strong add, fr(‘e | 
from iodine, and from twenty to a hundred measures 
of water. The distillation must ho eontimied till fumes 
of hydrated sulphurie acid begin to be evolved, ^should 
tlie diblillate contain IVeo iodine and hydriodic aeid, a 
few drojis of starch paste, prepared by boiling one iiart j 
of starch with on<>-tciith pait of shong sulplmric acid 
in twenty-four of water, ami then sulphurous aeid, till 
the blue coloration occasioned by the free iodim* and 1 
starch disappears, or Is on the point of disappearing; 
on tlie other hand, if the suhstanee distilled with the 
acid contains organic matter, causing, during tho opera- 
tion, an evolution of sulidiurous acid, which coikIcuhch 
in the lereivei, a few drops of the paste must be intro- 
duced, and then a, solution of bleaching powder, till a 
faint bluish tinge liegiiis to appear. This is an indi- 
cation that the whole of the sulplmrons acid has been 
converhul into sulphuric acid; it is iicces.sary, how- 
ever, to destroy the azure tinge in tho liquor hy a lew 
drops of solution of the sulpliiirous acid. After this, 
the testing wilh tin; pall'idium liquor is proceeded with 
in the mfumor detaileil. 

According* to KkubtiN(^, dilute hydrochloric, sul- 
phuric, nitric, phosphoric, and acetic acids, and also tho 
neutral salts of those acids with tho alkalies, have no 
inllucnco upon this uBiithod; neither have chloride of 
calcium or of zinc, acetate of lead, sugar, uric acid, 
and the distillate of urine wilh sulphuric acid, alcohol, 
ether, starch paste, oil of lemons, and bromide "of 
sodium, in tlio pr(;sence of acetic acid* The test ifl 
hiterferod with, however, hy the preaence of alkftlmo 



401 


IODINE ^Estimation ov Iodine— Penny and Bunsen’s Methods. 


bromides with free mineral acids, especially upon heat- 
ing; free alkalies, fi’ee chlorine, bromine, iodine, and 
cyanogen ; large quantities of nitric acid at a high tem- 
^ perature, and sulphurous acid ; for all these bodies 
prevent the precipitation of the iodide of palladium. 

Keksting has devised another mode, which is in ap- 
plication less complex than the foregoing, and affords, 
wheSh none of those substances which interfere with 
the reaction are present, very trustworthy results. It 
is founded upon the behavior of chloride of mercury 
with a metallic iodide, tinged blue by the addition 
of a little starch paste and bromine water, in wliich 
case coloration is perceived as long as any of the 
iodide remains undecom])ose(l by the mercurial salt, 
hut by the decomposition of the last traces the blueness 
disappears. A test liquor, containing a certain known 
weight of chloride of mercury in a given volume of it, 
is prepared as in the preceding case, and the iodide to 
be examined is dissolved, and the liquor so diluted that 
it will contain about one part of iodine in a thousand, 
being previously blued by a little bromine water and 
starch paste, as previously mentioned. By adding the 
test liquor to this solution, iodide of mercury and chlo- 
ride of the metal, in combination with the iodide, will 
he formed ; hut in consequence of the solutions being 
80 diluted, the mercurial iodide dissolves, and so docs 
not prevent the observatfon of the blue shade. Wljcn 
I this disappears, the number of measures of test liquor 
required are road off, and from them the iodine is cal- 
I culatcd. 135’5 parts of chloride of mercury are eqiiiva- , 
j lent to 126 of iodine, and so in this proportion will any 
weight of the former salt in the solution added to de- 
stroy the color, be to its ecpiivalent of iodine. When 
chlorides and bromides are i)rc8cnt, also free mineral 
acids, acetic acid, and the acetates, the results afforded 
by this method arc not exact. 

I>r. Fi4f':r)ERrf'K Pknnv has puldishod a process for 
testing the quantity of iodine in iodides, volumotrically, 

[ by moans of bi(diromate of potassa, which gives rise to 
tlie annexed reaction ; — 

fv 1 -f K 0, 2 Cr 0.) -f- 7 II Cl — 4 Tv Cl 

[ikIkIo of Ulrbroiiidto of liyclrnplilorlc riiloriclr of 

lK>ta»y!uin. jiotasi.a liot.iMiiluiii 

-n CrgCIa +7 110 + I., 

So'diuiohlori'lu Water litilmo 

Ot cliroiuiuiu. 

When heat is not applied, this is the only reaction 
which takes place, and by it three equivalents of iodine 
arc set free by one of the bichromate of potassa. The 
manipulations are as follow : — Ten grains of pure 
bichromate of potassa are dissolved in about seventy 
measures of the burette, holdinai one thousand grains 
of water up to zero on the divi<ftd scale, and the re- 
mainder up to 0, filled with strong cold hydrochloric 
acid. The liquor is agitated and set aside. A weighed 
quantity of the salt to be examined is taken and dis- 
solved in like manner in about a thousand grains of 
water, and to this the hquor from the burette is added 
cautiously till the wliole of the iodine is precipitated. 
This is ascertained by letting a drop from the end of 
the glass-stirrer fall upon another of a freshly-prepared 
i^ntion of protochlorido of iron, mixed with sulpho- 
VOL. n. • 


cyanide of potassium, and observing if a red coloration 
bo produced. The bichromate solution is carefully 
added, Btin'ing after each addition till this result is 
an’ivod at, and then the number of measures read off. 
Knowing ilaat every ton divisions of the test solution 
contains one grain of tlie bichromate, and that their 
quantity effects the liberation of 2*437 grains of iodine 
from the sample, it is easy to estimate the weight of 
iodine in the quantity operated upon by the proportion : 

10 : ‘2- 107 X : y- the iodine. 

Before leaving tliis part of the subject, which must 
be interesting to every chemical student, it may be 
well to lay Bunsen’s volurnetrieal method before the 
reader. It is founded on the behavior of sulphurous 
acid with iodine, which, in the presence of water, con- 
verts the iodine into hydriodic acid : — 

I + III) + = SO 3 + ni 

luiLinu Water. etJ))htiruua 8ul])1iurie Ilyrtrloillc 
aciit m id uuui. 

This reaction is one among the many that the chemist 
aild manufacturer encounter, and which at first sight 
appears mconsistent, since the converse can be effected 
as freely, namely : — 

8 O 3 + III = I + S ()2 + no 

Su]]ihiiri(' Uydrioclic ludiuc fial|ihiiroii« Wfller. 

at id acid. at id. 

TIk' state in which the substances are presented to one 
another has a great influence upon the nature of the 
change, and, consequently, demands careful study. In 
this ease, the one or other of these reactions which 
resultf is dependent upon the state of concentration of 
the materials which are taken to produce the effect. 
By careful experiments, Bunsen found that the first 
reaction only is jiroduced when a solution of sulpliur- 
ous acid, containing 0*04 to 0'05 of real acid, is brought 
into contact with iodine ; hence, when this condition is 
supplied, otic equivalent of sulphurous acid is convcited 
into sulphuric acid by an equivalent of iodine. 

This comportment suggests, that when an unknown 
quantity of iodine is mixed with an excess of sulphurous 
acid of the above strengtli, by testing how much of 
tlie reagent remains in excess after the former sub- 
stance has disappeared, tlie difference will afford data 
for calculating the quantity of iodine present. By 
means of a solution containing a known amount of 
iodine, the latter part of the reaction is performed. 

Standard solutions of sulphurous acid, of the fore- 
mentioned strength, also one of iodine, one of iodide of 
potassium, and some starch paste, are required for 
performing the analysis by this method. The iodine 
tost liquor is prepared by disvsolving five grammes of 
the purest iodine in a concentrated solution of pure 
iodide of potassium, in a fiask holding twenty thousand 
grains measure — twenty measures of Ijjirctte — up to a 
certain mark, and diluting the liquor with distilled 
water till this maik is reached, perfect homogenc- 
ousness of the liquid should be effected by agitation) 
and caro taken that it does not show any brown tinge. 
As each hundred divisions of the burette of this liquid 
contains 0*25 — 2000 : 5 : : 100 : 0*25 — it is evident that 
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each division will contain a quantity of iodine equal to 
*0025 of a gramme. Lest impurities might be con- 
tained in it» it is necessary to subject it to a corro- 
borative test to be certain of its yaluo. 

A sulphurous acid tost liquor is prepared by saturat- 
ing distilled water with sulphurous acid at the comnmn 
temperature ; this liquid should bo kept in well-stop- 
pered bottles inverted in water. From seventy to 
eighty divisions of this saturated li(iuor should be added 
to every hundred burette measures of distilled water. 

The iodide of potassium test liquor is prepared by 
dissolving one part of pure iodide of potassium in ten 
parts water ; it should form a colorless liquid, and give 
no tinge even on the addition of hydrochloric acid. 

It is necessary to prepare the starch paste fresh for 
each testing. Before proceeding to operate upon sam- 
ples of unknown composition, it is requisite to find tlie 
relative proportion between the iodine and sulphurous 
acid solutions ; and also what quantity of the respec- 
tive agents is present in a given volume of them. To 
effect this, it is required, in the first instance, to mea- 
sure off two burette measures, that is, two hundred 
burette divisions of the diluted sulphurous acid solu- 
tion, and add thereto six or eight divisions of starch 
paste ; then a solution of the iodine is dropped in from 
the burette, and the flask agitated till there is a slight 
excess of the iodine, and iho starch acquires in conse- 
quence a persistent blue color. 

Operating in this way, and supposing that, to con- 
vert the two hundred divisions of sulphurous acid into 
sulphuric, one hundred and eight of the iodine lujuor 
were required, it is evident that these numbers will 
stand in the same relation to one another when the 
iodine is to be determined, as when it is wished to 
estimate the sulphurous acid. The next step is to find 
how much pure iodine is contained in each degree or 
burette division of the iodine test solution, and likewise 
its effect u{»ou the sulphurous acid. This is done by 
weighing off0’40 giammo of dry and pure bichromate 
of potassa, and treating it in a small retort with con- 
centrafod hydrochloric acid, and conducting the evolved 
chlorino into a solution of iodide of potassium. For 
this end the bichromate and acid are put into a flask, 
to which a tubulure and tube are adapted, and secured 
by passing a tube of caoutchouc over the neck, cork, 
and portion of the tube ; a small glass bulb, with its 
long neck closed by the blowpipe, is put into the end 
of the eduction tube, and then introduced into an in- 
verted retort, ^jontaining the solution of iodide of potas- 
sirm. Heat is applied by means of a lamp, and, 
after a few minutes’ ebullition of the contents of the 
flask, the whole of the chlorine will have passed over. 
There will be liberated from the iodide of potassium, 
by the chlorine evolved from the quantity of bichro- 
mate operated upon, 1-024 of iodine — that is, an 
amount proportionate to three equivalents of iodine for 
one of the former salt, as stated at page 400. To the 
solution containiiig the mixture of iodine and iodide of 
potassium,' the dilutod sulphurous acid liquid must 
be added from the burette till the brown color of the 
fluid has completely di|ftV{>poarcd, and the quantity is 
noted, which, for example’s sake, may he taken at sixteen 
hundred divisions. It is needless to say that there has 


been an excess of the acid employed on this occasion, 
and which is to be determined in the next operation, 
by introducing a little starch paste, and as much of Um 
standard iodine solution as is requisite to communicate 
a blue color to the fluid. If for this purpose twenty 
divisions of the burette are taken, from the following 
calculation, founded upon the preceding tests, the 
value of tlio solution as to tlie iodine it contains, and 
tlie sulphurous acid it changes into sulphuric, is anived 
at. As by the previous experiment it was found that 
fifty-four divisions of the iodised solution were neces- 
sary to oxidise two hundred of the sulphurous acid 
liquor, it follows that lour hundred and thirty-two of 
the former will be required to oxidise tlio one thousand 
six hundred measures taken of the latter ; but, as the 
experiment shows that the iodine liberated from the 
iodide of potassium is equivalent to this volume of 
test liquor, minus the twenty divisions required for 
the excess — tlint is, 432 — 20 =: 412 divisions, corre- 
sponding to 1*024 of iodine — it is evident that each 
burette division of the iodised test liquor contains 
*00248 of a gramme of iodine. Of course, each de- 
I groe of the entire quantity of iho test liquor possesses 
j tills value. 

To tost the iodine in a sample submitted, a portion 
is to be weighed off in a flask, and dissolved in iodide 
of potassium of the strength specified in the foregoing, 
using about ten divisions of the burette for each one- 
tenth of a gramme of the iodine. The dilute sulphurous 
^acid liquor must now be added in measured .quantities 
from the burette, till all color in the solution disap- 
pears ; the quantity thus used is noted ; a few divisions 
of starch paste are stirred with the menstruum, and 
the iodine test liquor carefully dropped in, stirring well 
after eacli addition till tlie blue iodide of starch appears. 
The volume of Kul[)hurous acid and the number of divi- 
sions of the iodised test liquor which are required to 
oxidise the excess of the acid above what was neces- 
sary to convert the iodine in the sample to hydriodic 
acid being known, it is ciisy to find, by the follpwing mode 
of calculation, the projiortion of iodine in the saiiijilo. 
Thus, sujiposing that a thousand divisions of the acid 
solution were taken in tlte first instance, and that to 
oxidise the excess which ilemained of this, ten divisions 
of the iodine liquor were required, it follows that the 
weight of the sample taken, supposing it a gramme, 
contained 0*G448 of iodine, and, consequently, 64*48 per 
cent.; for, as found by tho foregoing experiments, fifty- 
four divisions of the iodine liquor were equivalent to the 
oxidation of two hundred of tlie suljihurous one; hence 
200 : 54 : : 1000 : 270, and 270 — 10 =: 260 X •00248— 
the amount of iodine in each division— gives 0*6448, * 
as stated. 

For the detection of the grosser adulterations of 
iodine, which are mentioned as being practised, although 
they W*e not come within the range of the Editor’s 
oxpeiWbce — such as plumbago, 4lldphide of ai^lg^ny, 
and the like— a rough estimate may be formoffWlbe 
amount, by heating a weighed sample of iodine in a 
porcelain cinicihle to redness, till the whole of tills ele^ 
mon<t is volatilised, and weighing the fixed nsidua* 
This, though not So precise as those other methods 
which, have been detailed, does not requiiN) that aeoh- ^ 
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racy of manipulation which is presupposed to be pos- 

In this way, the one- five millionth of iodine is easily 



sessed in the other instances. 

detected. Grange found that bromides do not inter- 



When small quantities of iodine have to bo found — as, 

fere with the accuracy of Ihese reactions, for they are 



for instance, in the ashes of plants, the residuary matter 

not decomposed by the liyponitric acid. 



left after the evaporation of spring or river waters, and 

M. Moride has proposed a substitute for the chloro- 



the like — the methods by which they are to bo detected 

form ill the preceding method, which offers advantages 



must evidently insure all possible accuracy, if the inves- 

in giving a solution which is more highly colored than 



tigator is anxious to arrive at the truth. For a long 

the chloroform becomes under similar circumstances. 



time the tests known, such as decomposition of the 

According to this chemist, wherever iodine is indi- 



iodide by sulphuric acid, and addition of starch paste, 

cated by starch i)aste, it may be proved also by the cm- 



were found insufficient to determine the minute traces 

ployment of benzine more satisfactorily. This agent 



of iodine which, ns appears by late researches, are con- 

is rendered more valuable from the fact, that the water 



tained in several bodies. Without entering upon the 

whicli is present, or which may be used to wash it, 



general description of all tlie tests proposed, a few of 

carries away any bromine or chlorine, thus leaving the 



the more remarkable may bo briefly noticed. 

iodine isolated- 



• At the head of investigalions of this kind stands the 

Chlorine, though capable of setting iodine free from 



test of PmCK, detailed in the Transactions of the Che- 

its combinations in aqueous solutions, is now rarely em- 



mical Society for 1851. It consists in operating upon 

ployed to detect iodine, since an excess of the agent con- 



the solution which is supposed to contain the iodide with 

verts the iodine into a colorless combination of chloride 



hydrochloric acid* and starch paste, and then adding a 

of this element. Bromine comports itself differently. 



few drops of a solution of nitrite of potassa, when a 

for although it is capable of liberating it, still none of 



blue coloration from the iodide of starch makes its ap- 

the iodine is redissolved. De Lucca has made this 



pearance. The hydrochloric acid liberates the iodijie 

behavior the basis of a method for the analysis of 



from its basic combination, and is retained in llic liquid 

iodides by means of a standard solution of bromide, 



in the form of lj 3 ^driodic acid ; this body is decomposed 

coupled with the use of sulphide of carbon, which takes 



by the nitrite, the acid of which is sot free by the ex- 

uj) the iodine as it is liberated by the bromine liquor. 



cess of hydrochloric acid'— tlie hydrogen hoingconverted 

From the volume of tlie latter wliich is expended in 



to water, and the iodine liberated. When much iodide 

setting free the whole of the iodine — ascertained by the 



is present, the color of the liquid is dark bluO, and ap- 

sulphide of carbon being colorless when drawn ofl’ with 



pears immediately; but when only a small quantity 

th. pij)ctte — its quantity is found. 



is contained in the substance operated upon, llie shade 

To show that iodine is coulaiiicd in the air, el CitcrOf 



is lighter, and a few seconds (ilapso before its appear- 

modifu^ations of the processes above described have 



mice. This chemist states that be has detected iodine 

been successfully employed by Cbatin, IIerapath, 



in a solution containing not more than the four-mil- 

and others ; bat to enter into further details upon this 



liontli part of it, and that there is no difficulty in ascer- 

subject, although highly interesting, appears unneces- 



taining the presence of iodine in cod-livcr oil, and in 

sary. 



the n)otbor-]i(iuor from a few pounds of sea-water, by 

IBON. — F'er, French; Elsen^ German; Ferrum, 



its aid. 

Latin. — Iron is a metal of a bluish-grey color, but 



M. Grange’s method is analogous to that just de- 

acquiring a brilliant siu-laco by^ polishing ; its fracture 



scribed, only tliat he directs the transmission of a few 

is fibrous, and it is the hardest and lougliest of all 



bubbles of fuming hyponitric acid through the solution 

the ductile metals; it cannot he hammered into very 



to bo tested, and already impregnated with starch paste ; 

tliin }>latcs, but may be rolled into thin sheets, and 



the reaction is instantaneous; and when tlie iodine 

drawn into v(‘ry fine wire. 



forms about the five-millionth^ part of the fluid, a pale 

The iron of commerce is seldom or never pure, con- 



rose color, inclining to violet, is produced. With a 

taining small portions of carbon, sulphur, silicium, 



larger proportion, say the one three hundred thon.«andth, 

phospborns, arsenic, et ; its density varies a little 



this chemist asserts tliat the ch.aracteristic blueai)peared ; 

according to its purity and the mode of its manufac- 



but when only the one-rnillionth of iodine is present, he 

ture. Purified by fusion with smithy scales, it gave in 



states that no satisfactory results can be attained by this 

some experiments a specific gravity of which 



lest per se, (Joupling it, however, with another method 

is increased by rolling and drawing into wire. Pare 



published by It abourdin, founded u[)on the property 

soft bar- iron, containing only a trace of carbon, has a 



of chloroform, of dissolving iodine, and becoming red- 

density of 7*79 ; that of ordinary bar-iron is 7* 788. 



dish-coloured thereby, it can be rendered so accurate 

When iron is subjeiited to a red heat, it softens and 



as to satisfy the minutest inquiry. Should a por- 

becomes tough, a circumstance which adds much to its 



tion of the fluid aflbrd no indication with starch paste 

value in the manufacturing arts ; and its property of 



and hyponitric acid, the latter is to bo trai^^^^tted 

welding at a white heat, gives a facility in working it 



throind^he bulk of solution at hand, till it llani- 

which no other metal possesses. When heated above 



feslarflr acid reaction; a small quantity of chloro- 

the^elding point, it crumbles under the strokes of the 



form is agitated with it, and then drawn off with a 

liammer. 



pipette ; the reddish color is removed by the addition 

The melting point of iron has been variously given as 



of a little potassa, and the aqueous solution then 

1550"C.^Pom7fc/; 634(r C. or 176’’ 



decanted. The hyponitric test is then applied, when it 

W^edgwood — Morveaii; 158® Wedgwood---Jlfaci?snets. 



ddea not fail to . produce the characteriatic blue color. 

• 

Anje^mpurity in the metal makes it more easOy fused, 


- 
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and might account for small discrepancies in the melt- 
ing point ; but the remarkable differences shown in the 
above results enable us to appreciate the great diffi- 
culty of obtaining accurate moasurernonts of very high 
temperatures. 

Iron is attracted by the magnet, and is itself easily 
rendered magnetic, but docs not retain this property 
except when converted into steel. 

Historical Notice. — Iron, where'er known, has 
universally taken tlie lead amongst the metals in point 
of usefulness, and its possession by any people has 
invariably proved tlie means of advancing them in the 
arts of civilized life, and of raising them in the scale of 
nations. It is strange that, notwithstanding the diffi- 
culties in its manufacture, iron is amongst the first 
metals mentioned in history. Moses tells us that 
ffuuALCATN, the great-grandson of Cain, Adam’s son, 
was an instructor of every artificer in brass and iron, 
that iron furnaces wore in use in ancient Egypt, and 
that the hills of ralostine produced ferruginous ores. 
Job saj^s, — Iron is taken out of the earth; — and 
throughout the whole sacred volume this metal is re- 
ferred to as being in common use, both for weapons ot 
war and maniifncturiug instruments. 

Homer mentions a mass of iron as one of the prizes 
at the funeral games given by ArnrLLES in lionor of 
Patroclus, a circumstance showing the great value 
attached to it in ancient limes, when it was so mucli 
less comnjoii than at the present day : — 


Then hurl’d the hero, thundering on the {ground, 

A mass of iron — an enormoin; round — 

Whose weight and si/e the cireliiig Greeks admire, 
Kudo from the furnace, and hut shaped by 

* • « « « 

Who furthest hurls it takes it as his 
If he he one enru’hed with large donmUi 
Of downs for flocks, and fir.ihle lor grain. 

Small stock of non needs that man ]>rovide ; 

His hinds and swains wlude years sliall bo sup]di''d 
From hcncc ; nor ask the neighboring city's aid 
For ploughshares, whccK, ami all tho lural tiailo. 


There arc also notices in IIomkk and IIk.siod of tlie 
methods of reducing and forging iron; but cast-iron 
was then unknown, an imperfectly rnallcablo iron being 
produced at once from the ores in the furnace. It is 
conjectured that the Greeks obtained most of their 
iron through the Phoenicians, from the shores of the 
Black Sea and of I^aconia. Diodorus Siculus refers 
to the Island of Elba as yielding ores of iron, which 
the natives were accustomed to dig and cut out of the 
ground, subsequently melting the maea to obtain the 
metal. Pliny in his Natural History enters at great 
length upon the manufacture of iron ; he says the ores 
are to be found almost in every country, and that they 
are easily discovered by the color of tho earth which 
breodeth the iron, and that they are tried by lire like 
other veins of metal. He speaks of it also as being 
applied to all the uses for which it is commonly em- 
ployed in the picsent day. It is remarkable, however, 
tliat altliough in all the Latin writers, /errwm, iron, is 
the most common name for a sword, the weapons and 
cutting instruments discovered in the ruins of Pompeii 
and Herculaneum are almost invariably found to be 
made of bronze. 

The furnaces which were first employed for smelting 



iron wore probably simple conical structures, with BroaU 
openings below for tho admission of air, and a large one 
above for tho escape of tho products of combustion, 
erected on high grounds that the wind might assist 
combustion. Sin^ir rude furnaces, known as air- 
bloomer ieSf are still used in some countries at tho pre- 
sent day. 8uccessive> layers of ore and charcoal being ^ 
placed over tho fire, the boat would be regulated by 
opening and closing the apertures. Subsequently, an 
artificial blast would be introduced, and the advantages 
of this appear to have been known at a very early 
period ; for Homer represents IlEPHiEsTUS as throw- 
ing the materials from which tho shield of Aciulles 
was to be forged, into a furnace urged by twenty pair 
of bellows. This blast-bloomory would ultimately bo 
developed into tho Catalan forge^ in which malleable 
iron is produced directly from the ore by heating it in 
i:oiitact with carbon — a process still adopted in some 
places where wood is abundant for making charcoal, 
as in the Pyrenees, in Corsica, and some parts of Spain. 
Finally, it assumed the foim of tho blast-furnace^ now 
in general use, and which, by completely fusing tho 
ore in coiilact with the fuel, results in producing cast- 
iron — a compound of tho pure metal with carbon. 

The transformation of the blast-bloomeiy^ into the 
blast-furnace is siippos(‘(l to have taken place in the 
early part of the sixteenth century; for jiroof exists 
that in tho seventeenth tho art of casting had arrived 
at considerable porfi'.etion. The more efiiciont opera- 
tion of the blast-furnace allowed the reduction of tho 
heaps of scoiioi, which hud been gradually accumulat- 
ing during the ])erio<l that the blast hloomcrics had been 
in ojanation. In the Forest of Dean in Monmouth- 
shire, in Yorkshire, and other counties, those wore 
found in immense beds, among wliich were discovered 
Kornan coins and other specimens, inscribed to the 
god who presided over iron. There if: ample evidence 
of the industry of the Homans in working the iron 
mines of Britain, until ilieir final abandonment of the 
island about a.d. 409. It is supposed, also, that the 
Danes, during their occupation of England, carried on 
the smelting of iron cxt^piisivcly, and honco many of 
the lieaps above-mentioned are called in certain lo- 
calities Danes'^ ciikiers. portion, only, of the ore 
was reduced by the imperfect methods of smelting then 
known ; and, in the Dean Forest alone, it is computed 
that twenty furnaces, for a period of nearly two him- j 

dred years, were supplied chiefly with the blooraery l 

cinders as a substitute for iron ore. 

Up to tlie beginning of the seventeenth century, 
charcoal was the only material employed in smelting 
operations. An enterprising ironmaster in Worcester- 
shire, named Dudley, was the first who attempted tho 
operation with pit-coal, and the trial was so successful, 
that about the year 1020 hq applied for a patent for 
hi'a invention, which was granted for thirty-one yeajrs. 

For some time he succeeded in producing conBidorablc 
supplies of iron, which could bo sold with good profit 
at a much reduced price ; but this very success was 
the cause of his ruin, by exciting the animosity of his 
rivals, from wliom ho encountered incessant opposition, 
and, by combinations among masters and men, be waB 
ultimately turned out of his works. vWith 
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died for a time the art of making iron with pit-coal ; 
but the rapid destruction of the forests, not only to 
supply the great consumption of the blast furnaces, but 
also the wants of a constantly increasing population, 
induced at .length special enactmef|is prohibiting the 
cutting down of timber for the use of the ironworks. 
The first effect of this prohibition was greatly to reduoe 
the number of furnaces; so much so, that in 1740 the 
annual production, which had previously amounted to 
one hundred and eighty thousand tons, was diminished 
to seventeen thousand three hundred and fifty tons. 

The change from charcoal to coke as fuel necessi- 
tated a more powerful blast, and a longer subjection of 
the materials to the heat. The latter was effected by 
an enlargement of the hoiglit of the furnace, and the 
former by the introduction of large cylinders, with 
closely fitting pistons, instead of the common forge- 
bellows. The earliest blowing cylinders of any mag- 
nitude are supposed to have been those erected by 
Smeaton at the Canon Ironworks in 17G0. These 
improvements speedily effected an astonishing increase 
in the production of iron. About the year 1780, the 
furnaces still worked with charcoal produced only 
eleven tons of iron weekly, while tliose in which coke 
and coal were used averaged a weekly product of 
Bovcntccn and a half tons. Dr. Uke gives the quantity 
of cast-iron produced in 1^88 as follows: — 

By mciiUs of cr>al ',H00 

By means of cliurcoal, 

Constituting a total quantity, 01,000 

In 17B6 the wood-charcoal process wms all hut en- 
tirely given up, and the gross produce of one hundred 
and twenty-one blast furnaces was one hundred and 
twenty-four thousand eight hundred and seventy-nine 
tons, being near to twenty tons weekly for each furnace ; 
and in ten years after this, 180G, there were two hun- 
dred and twenty-seven blast furnaces in this country, 
one hundrt^d and fifty-nine of which were in active 
blast at once, and produced two hundred and hfly 
tliotisand Ions of iron. v> 

The blast funiaces were distributed as follows : — 


m 

In the prinrijtality of Wulea, .')2 

In Rtaiiordahire, *12 

In Shropshire, 42 

In Derbyshire, 17 

III Yorkshire, 28 

In the counties of GIoiic<>ster, Moninoulh, J 
Leicester, Lancaster, Cuniherlaiid, and y 18 

NorthumhcrUind, j 

Scotland, 28 
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Nearly simultaneous with the earliest improvements in 
the manufacture of cast-iron by means of pit-coal, were 
others of an equally important kind for converting the 
cast-iron into malleahle or bar-iron. Hitherto this had 
been effected by moans of wood charcoal in what are 
termed refiners, as is still practised in the South of 
France ; but owing to tlu' scarcity of wood fuel in this 
country, the charcoal was mixed np with coke for the 
refining operation; the iron produced from this was 
hard and of an inferior quality, and much time was 
required for tlie conversion of a ton of cast into malle- 


able iron. England was therefore greatly indebted 
to Sweden and Russia for iron of good quality, and not 
less than seventy thousand tons annually tvete imported 
from these countries. In 1783, Mr. Richard Cort, 
after many trials, succeeded in converting cast-iron into 
malleable iron, by the use of pit-coal in a reverberatory, 
instead of a blast furnace, and thus introduced what is 
known as the puddling process. For some time much 
difficulty was eiperienced in puddling, from the loss of 
iron, and irregularity in the quality of the metal pro- 
duced and the fuel used. To avoid this, the iron was 
subjected for a short period to a process of refining 
with the blast and coke fuel, previous to being trans- 
ferred to the. puddling operations in the reverberatory 
furnace. The original puddling furnace, patented by 
Mr, CoiiT in 1784, sa 3 ^B Mushet, is now, withmit the 
interviMtlon of the rejining^ producing tens of thou- 
sands of railway bars all over the world. This inven- 
tion placed England in an independent position as 
respects iron, and so facilitated the manufacture of 
riialleable metal, that before many years one work 
could turn out annually as much bar-iron as was made 
previously by the whole iron trade of the kingdom. 
Notwithstanding the value of these improvements, Mr. 
(k)KT did not benefit by his inventions. After spend- 
ing thousands in experimenting, and giving to the 
world his results, those who were the gainers repu- 
diated his claims while they adopted his processes, 
leaving him to drag out the rest of liis days in poverty ; 
and it was only in the course of last year lljut the 
Guvenimcnt granted a small acknowledgment of fifty 
]) 0 und 8 per year to the widow of the great benefactor 
of his country, while the children and grandchildren 
have been appealing to the sympathy and charity of 
the ironmasters, for what they should have received 
through their father as a right. 

The general introduction of the steam-engine, as im- 
proved by Watt, contributed also to initiate a new 
era in the histor^^ of the iron trade, as in almost ever}^ 
branch of indu 8 tr 3 \ Its application to pumping en- 
abled tlio mines to be sunk to a greater dcptli, and 
accelerated the process of raising the coal and ores ; 
by employing it as the motive power for urging tho 
blast, refractory ores were reduced with facility, and 
the processes of rolling, forging, et cetera^ were now 
effected with a rai)idity previously unknown. ^ 

Lastly, the discovery of the hot-hlast process, for 
which a patent was hiken by Mr, Neilson of Glasgow 
in 1824, and by which three or four times the quantity 
of iron can be produced with little more tlian one-third 
of tho fuel that was required with the cold-blast, 
effected another complete revolution in the iron trade, 
and may ho regarded as marking the last era in the 
history of this all-important metal. The high expecta- 
tions at first formed from Bessemer’s new 
markable refining process, of which an account 
given, have not yet been realized. 

Sources. — In admirable harmony with the univer- 
sal appKcatiou and innumerable uses of iron, is its 
almost universal presence in nature. It is by far tho 
most widely diffused of all tho metals; thoro being 
few substances in the material world that do not con- 
tain it in greater or less amount ; and yet the variety 
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of ores from which the metal is Tnamifactiired is very 
limited. 

Native Iron , — For a long time native iron was 
unknown, and its existence in nature questioned; it 
has been found, however, in several localities both on 
the Continent of Europe and in America. In this 
country it has been met with in minute quantity in trap 
rocks, but on all occasions it is found only in small por- 
tions, and is^ considered more in the liglltof a chemical 
or minoralogical curiosity than as a useful source of 
the metal. Native iron is almost pure white, more 
resembling silver than ordinary iron, is generally softer 
and less dense, and, unlike meteoric iron, contains 
no nickel. A mass was found with magnetite at 
(Irass Ramsdorf, not far from Saalfield in Thuringia, 
which, according to Klaproth, consisted of : — 

Ccnt«BlmiiUy 


Iron, 92*5 

Lead, 0*0 

Copper, 1*5 


100*0 

It is said, however, to be found in considerable 
quantity in Liberia. The natives use it for instru- 
ments; it is soft and flexible, and can be easily cut 
with a chisel. An analysis of this gave ; — 


Iron 98-S7 .... 98*40 

Silica, 1*03 .... 1*G0 


lOO'UO 100-00 

This is the purest yet described from any locality. In 
178G, a mass of native iron, weighing upwards of thir- 
teen tons, was found in South America, a sample of 
which was sent to the British Museum. It is described 
as being soft and compact, altliongh the internal pari 
of the mass is full of cavities ; it had every appearance 
of having been in a fused state, and was consiilercd the 
proAict of a volcanic irruption. No analysis of this 
sample has been made. 

Small quantities of native iron have been obtained in 
the immediate vicinity of a coal seam which had been 
spcmtaneously ignited, and was doubtless the result of 
reductiop by the coal ; samples of this sort are exces- 
sively hard and fine-grained, and give a fracture 
resembling cast-steel, from wdiich circumstance it has 
been named natire steel or steely iron. A mass of this 
mineral, Weighing sixteen pounds six ounces, was dis- 
covered some years sinco near Nexy, in the department 
of the Allicr, 

Meteoric Iron , — Large masses of metallic iron have 
been discovered from time to time, in different parts of 
the globe, embedded in the soil and also lying upon 
the surface ; others of a similar kind have been known 
to fall from the atmosphere, and are* hence termed 
meteorites. These masses are generally covered over 
with a kind of black enamel, wliich protects the metal 
from the action of the atmosplicre. The iron forms 
usually a sort of network round a crystallized metallic 
mineral of a complicated composition. These meteoric 
masses are sometimes so large, and the metal which 
they contain so pure, as to furnish the inhabitants of 
the neighborhood with ample material for knives and 
spearheads. When examined cliemically, there seems 


a considerable similarity in the composition of different 
specimens, although some of them contain ingredients 
which others do not. In the following table this simb 
larity is very apparent, although the samples were 
obtained from loQi^tics widely apart ; — ^ 


Xo 

Iron. 

MlckeL 

Cobalt 

Co)D|)er 
anil tin. 

Matifaneae 

riioaphoruo. 

1 

92*47 

507 

0*23 

■ 



2 

93*77 

3*81 

0*21 




— 

3 

88*01 

10*73 

0*15 

0*66 

0*13 

. — 

4 

88*23 

8*52 

0*76 





— 

5 

66*5G 

24*70 







G 

83*57 

12*66 

— 





7 

89*78 

8*88 

6*67 



— , 

— 

8 

85*61 

12*27 

0*«9 




— 

0 

90*88 

8*45 

0*66 

— 

— 


10 

88*98 

10*35 


0-50 


Oril 

11 

85*00 

13*01 

1*42 

0*57 

— 

.... 

12 

86*64 

13*04 


0*27 


0 05 


These arc but a few of many analyses that have been 
given, all showing a remarkable sameness in composi- 
tion. Besides these ingredients, the meteoric mass is 
sometimes found to contain silica, alumina, lime, po- 
tassa, chromium, magnesia, soda, arsenic, carbon, sub 
plnir, chlorine, ct cetera. 

Protoxide of Iron , — 'This oxide has never been found 
in nature except in combination with other matters, 
forming distinct njvnorals. Its great tendency to com- 
bine with more oxygen, obtained cither from the air or 
other substances, prevents it existing as protoxide for 
any length of time, unless it is entirely excluded from 
the presence of oxygen. This compound may bo pre- 
pared by preeijutating a solution of protosulphate of 
iron, by a caustic alkali, and carefully filtering; but it 
is impossible to obtain it in the dry state by tliis me- 
thod, from its affinity for oxygen. It may bo said that 
protoxide of iron docs not exist jn a separate state in 
nature ; its composition is — 

renteulTniiny. 

Oxygen, 8 22*8f> 

Irou, 27 77*14 

<*85 100*00 

Magnetic Oxide of Iron . — When the protoxide com- 
bines with more oxygen, it docs not pass at once into 
the highesL state of oxidation, but into a mixture of 
protoxide and sesquioxide, which is permanent and 
magnetic, and is hence termed magnetic oxide. This 
compound, when found us a mineral, has a black color, 
and is hard. It exists abundantly in nature in different 
rocks; in granite, mica-slate, clay-slate, syenite, horn- 
blende, chlorite, and also in some of the limestone 
formations. Much of it is found in the Island of Elba, 
and it has been obtained from that island for making Iron 
from the earliest times. It also abounds in the United 
States of America ; and mostly all the Swedish iron 
is manufactured from the niagneiio x>xide. This ore 
occurs in crj’^stallincs, of which the primitive is a 
cube : its general forms are the octahedron and dode- 
cahedron. Its density varies from 6*00 to 6*10; it 
fuses before the blowpipe with difficulty, in powder 
it is perfectly soluble in warm hydrochloric acid, Ite 
chemical composition is — 







-Bhid Hematite— B oa Oke, 


B Eqs. Iron, 81 

i Eqs. oxygen,^ 32 


. 71-68 
. 28-32 


1 Eq. niflignotio oxide, . . 118 100-00 

corresponding to the formula Fe, 0^,^ Og4“ 

The last is considered to be tho true formula, express- 
ing a combination of ono equivalent of sesquioxido and 
one of protoxide. The analyses obtained of magnetic 
oxide of iron give — 

Iron, 71-86 71-91 

Oxygen, 28-14 28-09 


Specular Iron Ore — lied Hematite . — This is a sesqni- | 
oxide of iron existing in great abundance, and found 
in a variety of shapes, both massive and in crystals. 
Tho following are a fow of the crystallidb forms in which 
it is found — Figs. 272, 273, 274. The crystals are of 


silica. It is wrought in great quantities along with 
poorer kinds of iron, and produces a strong metal. 
When subjected to a high heat alone, such as the 
jet of Uie blowpipe, it yields a portion of its oxygen, 
and is converted into the magnetic oxide. It is very 
slowly soluble in hydrochloric acid. Tho following are 
several analyses of this ore from different localities ; — 


Iron, 70-12 

70-27 

69-85 

60.22 

Go- 

68-96 

Oxygon,., 29-6fr 

29-73 

30-15 

30.78 

al- 

81-04 

100-00 

100-00 

100-00 

100-00 

100- 

100-00 

Another form 

of the 

0 

1 

oxide, in 

combination 



with water, is very abundant as a mineral known as 
brown iron ore. It has a brownish color, produces a 
yellow streak, and, when crushed, a yellow powder; 
it is thus easily distiuguished from the anhydrous oxide, 
which yields a red-brown powder. It is of lower 
specific gravity than tlio red, varying in density from 
3*8 to 4*2. It usually occurs in a massive state, 
and is composed of — 


4 Eqs. iron 108 

C Eqs. oxygon ... 48 

3 Eijs, water, 27 


C&ntoiilinfllly. 

, . . r/J'O 
. . . 2G-3 
. .. 14-7 


a dark steel-grey color, but leave a reddish-brown 
streak upon a stone or any hard substance ; tliey have 
a specilic gravity varying from 4*8 to 5'3 ; and are a 
pure sesquioxide, composed as follows : — 


2 Eqs. iron, 54 

3 Eqs. oxygon, 24 


Contorimnlly. 
, 09-3 1 

, . 30 66 


This samo oxide exists in a variety of other forms, 
such as a fibrous mass, with tho fibres radiating from 
a centre, in which stiite it is lernied the red hematite 
or Jibrom iron ore. When tho ore is an amorphous 
mass, it is termed compact iron ore; w-hen mixed with 
clay and other earthy matters,, 7*6y/ ochre; when hard, 
and combined with silica, jasjiery ore ; when in scales 
of a black metallic lustre, it is known as 7nicaceous 
iron ore or iron glance. 

Tliis ore occurs both in tho primitive and secondary 
rock ; it abounds in the Island of Elba, Norway, 
Sweden, and Switzerland. Fine specimens are met 
with in the fissures of rocks in the volcanic districts. 
The rod hematite, found in masses, having an nnctuoiis 
feel, and r(3adily soiling the fingers and everything with 
which it comes into contact, exists in many parts of 
England, particularly in Cornwall and Ulverston. Tins 
variety has generally from eight to ten per cent, of 


This corresponds to the formula which is always 
given for tho ore, 2 Fc^ 0„ -(- 3 IIO. The following 
are the results of three analyses : — 

Peroxide of iron,.. 80-25 . . 90-53 . . 86*34 

Water, 15*00 .. 9-47 .. 11-60 

Silica, 3-75 .. — .. 2-00 

Loss, 1-00 ,, — .. — 

100-00 100 00 100-00 

Brown iron ore is found both in amorphous masses, 
and in crystals of a variety of forms, according as the 
ore may have been produced cither by tho decomposi- 
tion of iron pyrites, or substitution and oxidation of 
carboiiato of iron. It also occurs in small rounded 
pieces, eitlier loose or conglomerated, in which state 
it is known as pea iron ore. When mixed with clay 
and other earthy nuittcrs, and of a soft texture, in 
which stale it is found in great beds, it is termed 
yellow ochre. It exists in great quantities in Nor- 
mandy, Berry, Lorraine, Burgundy, and constitutes 
the principal supply of ore for many of tlio French 
ironworks. 

Boa Iron Ore. — T his ore is amorphous, having a 
vitreous lustre, yellowish and dark-brown in color ; it 
is of very’^ recent formation, and is produced from the 
decomposition of certain rocks over which water passes; 
it is therefore always found in low marsliy places, and 
hence its name. The following are the results of ana- 
lyses of tliis ore from different localities : — 


Protoxide of iron, . . . . 
Limo and magncBia,,. 
Oxide of manganese, . 
Phosphoric acid, .... 


Bilica, . . , . 
Aluminai ■ 


. 78-57 ... 

... 43-4 ... 

... 66-0 

66-33 

51-0 .. 

... 70-05 

. — 

• . . — . . . 

. . . ~ 

3-60 

r -r - , - 

, . . — 

. — . . . 

. . . — . . . 

, . . — 




. . . 2-43 

. . . . . 

... 15-0 ... 

... 1-5 

0-75 

- , . - . . . 

... 1-78 

. — . . . 

. . . — . , , 

. . . 8-0 

0-12 

10-99 .. 

. . . 0-84 

,. 21-43 ... 

... 1.5-0 ... 

... 23-0 

26-40 

28-80 .. 

... 15*87 

* — , , . 

... 23-0 ... 

. . . — 

. 2-80 

9-20 , . 

. . . 8*03 

— . . . 

... 3*2 ... 

• — 

— 

0-41 . . 

... 1-50 

100-00 

99-6 

96-5 

100-00 

100-40 

100-00 



IfiON ^Pyrites. 


Iron PyiaTES.— The affinity between iron and 
Bulphur is equal to that between iron and oxygen, 
varying according to the circumstances in which they 
are placed ; under one condition, oxygen will take the 
iron from the sulphur, and again, under otlicr circum- 
stiinces, iron will leave the oxygen for the sulphur. 
That these conditions may have determined the difler- 
ent combinations in nature is a probable hypothesis. 
Sulphur and iron arc combined in a great variety of 
])roportion8, and give rise to an important series of 
minerals, the most abundant being wliat is termed 
iron pyrites or bisulphide of iron. This mineral varies 
in tint, according to its exposure, from a yellow bronze 
to a silver white ; the high bronze yellow hue may 
ho firmiliar to every one in what is termed the sul- 
phur in coal, which is iron pyrites ; it has a metallic 
lustre, and is very hard, being capable of striking fire 
with steel, and therefore occasionally termed firestone ; 
it is very brittle, and has a specitic gravity of from 4*8 
to 5T. It occurs in beautiful cubical and octahedral 
crystals, some of which arc represented by the follow- 
ing figures. 

Dill'ercnt localities are known to give pyrites with a 
certain definite form of crystal peculiar to caeli, as for 




instance, the Island of Elba, which yields pyrites in 
crystals extremely large, and often of a pentagonal 
dodecahedron form, while some of the Cornish mines 
ajiyound more in cubical crystiils. A familiar instance 
of this form is seen in the common slate, and is po])U- 
larly termed, slate duimond ; these are true cubes of 
ir6n pyrites. The composition pf tin’s mineral is : — 


1 Eq. of imn, 27 

2 Kqs. of sulpliui, 32 


J'er cent 
... 4n-7ti 
.... M-24 


expressed by the formula Fe S^. 

The various analyses of this mineral have given a 
composition which exhibits the following relations to 
the theoretical numbers above indicated : — 


Iron 

. 47-85 . 

.. 46 08 .. 

.. 46-53 .. 

... 40*5 

Sulphur,. . 

. 62*15 

.. 53*92 .. 

.. 53*39 .. 

, 53-5 


100-00 

100-00 

99*92 

100*0 


Pyrites is very widely diifused through rocks. It 
has not yet been used as a source of supply for the 
manufacture of iron, but is most extensively employed 
for the making of sulphuric acid and alum — ^see Vol 
I., p. 156. The resfidue of the heaps in making acid 
or alum is a sesquioxide of iron, with jiomo remaining 
sulphur and earths, and is used $jb a eoarse pigment 
for out-door purposes, under the nahite of colcothm or 
jnirpU brown. 

There is a certain kind of pyrites very common 


in the mineral dislricte, and found in round anct 
sometimes curiously- shajicd nodules in clay, which 
when broken has a radiated appearance of fibres pro- 
ceeding from the cenfre, or sometimes from various 
centres, and is often either compact or granular. Tlds 
sort is termed white pyrites^ it being lighter in the color. 
It is also termed cockscomb pyrites^ from its radiations. 
It has a density varying from 4'G9 to 4*90. When 
analysed it is found to have the same composition os 
the other sort, but is much more liable to spontaneous 
decomposition. When exposed to a damp atmo- 
sphere, it often crumbles to pieces ; the sulphur is oxi- 
dised and converted into sulpburic acid, which com- 
bines with the iron to form sulphate of iron or cop- 
peras, and appears as an cffiorescencc of minuto crys- 
tals on the surface of the mineral. This sort of pyrites 
is very plentiful in Ariglesca and several of the copper 
mines of this country. White iron pyrites is rnoro 
liable to he impure than tlie ordinary kind, and when 
found in mines of other metallic ores, it is often im- 
pregnated with some of the other metals. That of 
Anglcsea often contains both copper and zinc, and 
frequently small portions of silicious and argillaceous 
matter. A si)ecimcn analysed by Dkrzeltus gave : — 

Iron, 45*07 

Sulphur 63*35 

Mjvnganotip, *70 

Silica, *80 

Loss, *08 


Magmiic h'on Pyrites . — This is a sulphide distinct 
from the common pyrites. It is found mostly in masses 
filling up fissures of rocks, is seldom crystallized, and 
is not very abundant. Occasionally it is met with as- 
sociated with common pyrites, but is distinguished ^■om 
the latter by being of a deojicr color, and (ilso, as its 
I name implies, magnetic. It has a density of 4’G, and 
is composed of — 


7 Equ. of iron, IRO 

8 Eqf>. of sulphur, 


Ccnlwitirill/ 

.. 59*03 
. . 40*37 


represented by the formula, Fe -j- G (Fe S), which ex- 
presses a combination of hi- and proto- sulphide of iron. 
The following are several analyses of this mineral 


which agree with the formula- 


. 59*29 . 

. 56-38 . 

. 59*61 . 

. 69*72 

59*8 

. 40-71 . 

. 43-62 . 

. 40-43 . 

. 40-32 

.. 40-2 

100*00 

100-00 

100-04 

100*04 

100-0 


Sulphur, . 


Another iron pyrites is also found, which differs 
little from the common, except in the form of crystal ; 
generally, however, it has a little of another matter in 
it, which is present more as an impurity than as form- 
ing a part of its constitution. This mineral is known 
as marcasitc^ and its composition by analyses is — 

Iron, 45*66 

fiulphui,.... 5>^*05 54*34 


Iron, 45*||j, 

8ul|)liux', 

Manganese,.. 0*70 

Copper, — 

Arsenic, .... — 

Silica, 0*80 

Lo.ss, 0*08 


IRON A HRON ATE— Bl ACK-R A N U . 


4oy 


^ Arsenical Iron VyRiTEs— This min- 
eral is met with abundantly in Cornwall and upon the 
Continent. It is often associated with other metals, 
as tin. It is found in crystals, but more generally as 
an amorphous mass. It has a grey, silver-white color 
and metallic lustre, is very hard, and has a specific 
gra^dty of from 6*7 to 6’2. It is easily known from 
tbe strong smell of garlic it omits when struck by the 
hammer or rubbed o») anything hard or heated. It is 
a combination of sulphur, iron, and arsenic, and is 
composed of — 

('oiitosiittHrv 


2Kq8. oflron, 54 . . . 33*54 

2 Eqp. of Sulphur, . . 32 .. . ]9*87 

I Eq. of Athciuc, , 75 . , 40*59 


tCl 100*00 


ogreeing witli the formula Fe Sjj -|- Fe As, 

Another variety of arsenical pyrites is known under 
the technical name Danahcy differing from the above 
in having cohalt as a constituent. Its analysis from 
different localities does not vary much, as the following 
two examples show : — 


Troi), 20*54 .. . 33*28 

C.4)nH 8*31 0*52 

Sulphur, , 17-57 18 02 

Arseuir, ... . 47-55 11*80 

LoSP, ’03 . , . . *32 


‘lOO'OO 100-00 


Besides the f(‘W wlfudi have hecn dcsciihed, llieu- 
are several otiicr sulphides of iron well known to 
mineralogists, cither from their poculifir form of ciyslal 
or the state in which they are found comhiuod. There 
arc likewise a great variety of other nunorals, being 
comhinations of iron w'ilh other metals, as cohall, 
nickel, H crirra ; also with other matters, ionning 
arseniates, silicates, and the like, some of which will 
be noticed in another i)art of this article. Amongst 
these may he speeifuul copper j)yrit(‘S, composed 
of copper, iron, and suljihur, hut which is never 
wrought for the iron it contains, altlumgh yielding 
more of it than the ore whicli is generally worked for 
that metal. 

OakuonATE op IitON." "This is the most common 
ore of this country, from which the gn'ater j)art of llic 
iron is manufactured, and of whicli there arc several 
varieties. The true carbonate, or ftpathoup iron oir, 
j often occurs crystalline, generally in wt-ll-sliaped six- 
sided prisms, and rhomboliedrous, similar to carbonate 
of lime ; although more generally the ore is obtained in 
a massive state, with a foliated structure. It is mostly 
of a light-brown or grey color, having a penally lustre, 
varies in specific gravity from 3*0 to 3*85, and is com- 
posod of— 

Cf'ntcalniflUy 

1 Eq. protoxide iroii, 35 . . (U*4 

1 Eq. carbonic acid, 22 38*0 

57 100*0 

It is, thoreforoi'rt^esei^te^y thc^onnula Fc 0, 00^,. 

This mineral, howvrlrv^wfcon contains small por- 
tions of manganese and earthy mattem, as the fol- 
lowing analyses of samples from different localities will 
show: — 

VOL. ir. 


Oxide of iron, .. 

53*0(^ 

.. 40*01 .. 

.... 50*03 

Carbonic acid,. 

.. 38-41 .... 

. 38*44 

.... 38*04 


4-20 . . . 

, . 010... 

, . . . 1 *89 

MagueHia, 

. 2*2G 

. 5-lti . . . 


Lime, 

M2 .... 

. 6*07 ... 

.. 1-20 

Silica, 

0*48 

. — . . . 

— 

Loss, 

*47 ... . 

. — . . . 

— 


100*00 

100-00 

100*70 


I’lie most of the ores from which British iron is made 
consist of a carbonate found in beds in the coal forma- 
tion, often alternating with tlie scams from which the coal 
is taken. This circumstance gives great facility to the 
manufacture of iron in this country, and is at once the 
cause of the superiority and cheapness of the metal. 
The great dojiosits of this kind of iron ore in Biitain 
are those of Dudh^y in England, those of Wales, and 
of Lanarkshire and Ayrshire in Seotland. Tliese or(‘s 
are alwaxys massive, and generally contain several im- 
))uritioH, which, if not extracted, aflect more or loss 
ll»e quality of the iron. They may be divided into 
two sorts : — 

The first is the argillaceous or eJatj oaud ores which 
contain n considerable quantity of earthy matter or 
clay, and these, when wrought by tlicmsclvcs, yi(‘l(l 
a weak and inferior quality of iron. They have n 
lark-grey color, nearly black, and a specific gravity 
varying fiom 3 17 to 3‘4l. Tlie following analyses ! 
give a fair average of their coin})osition taken from 1 
different districts : — | 


Protoxide of iron, 

.32*22 .. . 

. . 38*80 

3.5-0 

Carbonic acid, . , 

.32*.5d . .. 

. 3o*7<; . , 

25*5 

M/ingain-Ro, . . 

— . . 

. . 0 07 .. . 

0*3 

Mine, 

8-02 

5-;;o . , 

— 

Magnesia.. 

5*1') . 

. o-ro 

1-0 

Silii'ii,. . 

9 -.50 

. . 10-87 . 

20*,;^ 

AliMMin.'i, 

5.U 

r.*‘.’o 

11-^ 

Sesijuioxidc of non 

, MO 

o*:?3 . . 

— 

(^<111 Ixm, . . 

2*1.1 

1*87 

— 

Sulplmr, . 

0*0)2 

0 1C) 

— 

1 lO.SS, 

2*0:5 . 

— 

— 


100-00 

101*00 

100 7 

lHack'dnvud. — Tlie second vaiietv of this kind of ore, 

which is known as 

blade-hand, was for a long timo 

unknown, and wns 

first pointed out by tlio 

late J). 

iMusiiET. It difiers from the 

el.'iy-hand in having 

loss eartliy matters, and htdng 

mu(‘h blacker 

in color. 

Sonic kinds of this ore have a homogeneous appearance, 

while otliers have coaly scams 

running between, and 

round light-hrow’iiish matter, stratified or in 

nodules ; 

the whole mass or seam of tins 

sort being of 

a mixed 

brown and black. 

The follow 

ing analyses of a few 

sarnplt‘s of black-hand exhibits the differdnee between 

it and the clay-hand 

or argillaceous carbonate 


Protoxide of iron.. 

. 40*4 

. 49-r) .... 

4G C. 

Ourbonic acid, . . 

.35*2 

30*4 , 

30 1 

Magnesia,. . 

. 4*0 

8-1 . 

— 

Alumina, . . . 

1-8 . 

. 1-8 , 

— 

Lime 

— . . 

— . 

6*3 

Silica, 

. — . . 

. — . 

5*4 

t-oaly *:»aUor, . 

. 9*6 .. 

. 9-0 . 

8*4 

Lujs, 

. ‘ . 

.. 0-5 .. 

3-2 


100*0 

KK»*0 

100*0 


This class of oro la exceedingly valuable to the 
manufacturer, as the presence of the coal assists in some 
of the preliminary operations. These two ores, the 

< ' -a 
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black and clay band, are generally wrought together, 
and give iron of excellent quality. 

A most valuable addition to our knowledge of the 
iron ores of the Northern and North Midland Counties 
of England has been recently given to tlie world, in the 
Memoirs of the Geological Sui'vey of Great Britain, 
These are to be further extended, and the completion 


of the work will be hailed as a great boon by chemists 
and iron manufacturers. At the same time, unless 
these analyses of the ores be followed up by a similar 
investigation into tlie flux and fuel used, and the iron 
produced from the ores, the directors of the Museum 
of Practical Geology will only tantalise the manufac- 
turers by an unfinished work : — 



7. 

11. 

111. 

IV. 

v. 

VI. 

VII. 

vm. 

IX. 

X. 

XI. 

Scs<piioM\k ofinui, 

4l)-b7 



9.5- IG 

90-55 

8G-j() 

94-23 

1-77 

1-45 

2-39 

1-G9 

1*30 

Prf)i oxide of iron, 

10-77 

49-17 

— 

— 

— 

— 

35-38 

3G-14 

41*77 

39*38 

39-87 

Piolnxide of lining, me b>u, 

3-00 

2- 12 

0-24 

0-10 

0-21 

•23 

-91 

1-31 

1*13 

•95 

1*38 

Silica, 

G-Gl 

4-0.1 

5-r»G 

7-05 

G-IS 

4-90 

19-13 

17-37 

8*93 

1‘2-lG 

13*50 

Alin run a 

-St 

•0() 

•00 

1 -43 

•30 

•G3 

7-03 

G-74 

4-79 

G-42 

6-13 

Litiio, 

Ar.ignet^ia, 


3*47 

•07 

•71 

‘2-77 

•05 

3*35 

2-70 

2-.55 

2-26 

2-12 

]-Jl 

3- If) 

— 

•OG 

I -40 

trace 

‘2-;>3 

2-17 

3-85 

3-89 

2*77 

Carbonic acid, 

14-49 

37-71 

— 

— 

2-9/; 

— 

2.5-41 

20 -.57 

31*39 

29-38 

28-47 

Pliosplioric acid, 

•01 

trace 

ti-ace 

t rai. e 


tr.ico 

•48 

•34 

•75 

•47 

•69 

Sulphuric acid, 

tniee 

tiuce 

trace 

tlcUM' 

•11 

■09 

trac(' 

trace 

trace 

trace 

trace 

Bi-iul])hulc of non, 

•().{ 

•08 

f r.ice 

•or. 

— 

•03 

•18 

•10 

trace 

trace 

•05 

Water, 

8-4 1 

— 

— 

— 

— 

•50 

1 *85 

1-77 

1-70 

2*09 

1-80 

Ortranic inatter, 

trace 

trace 

— 

— 

— 

— 


2-40 

•80 

•54 

•83 

Potass. 1 , 

•o:) 

-- 



— 

— 

•78 

•05 

•43 

•37 

•18 


JO.)-8() 

100-29 

100-19 

99-80 

100-49 

lot) ,50 

99 )(i 

99-71 

100*34 

98-80 

i)9-09 



1 XIM. 

j XIV. 


X^ 1 

1 XVII. 

XVI n. 

XIX. 

XX. 

XAl. 


Sca^jinoxitlu of iron, 

•79 

J-19 

‘ 2 (s 

2'i(; 

1-17 

M2 

2- JO 

2-09 

3-‘m 

3- Go 

i 

lVot(fxidc of iron, 

Protoxide of inaiigane c, 


37-99 

33 71 

33 -.50 

38-}»7 

28 27 

40-01 

33- !! 

:i‘>-55 

39 -IL’ 


)-l)l 


I -23 

•‘111 

J-09 

1 -02 

J *20 

2-18 

1-.50 

•95 


Siiica, 

1 1G 02 

10-04 

1<;-()G 

17-n 

1 1 -tm 

3*55 

H-19 

17-21 

10-22 

8*0'i 


Alumina, 

G-41 

r)-r»7 

7 09 

8-19 

5*93 

2-31 

5-91 

8*85 

.5-05 

7-90 


Lime, 

3-99 

4-39 

3-01 

3-17 

1-G2 

13 94 

2-78 

2-32 

3-38 

7-U 


Magnesia, 

^'arbonic ucid, 

rr49 

3-37 

2 -98 

3*()(> 

4-H2 

9 27 

2-8.5 

2- 1 1 

2-88 

3*82 


28*14 

29-92 

2G-7t 

25-G3 

30-14 

37-01 

' 29-72 

21-81 

28 -03 

22-85 


PhoHidioric «cid, 

•41 

■80 

•GG 

•79 

•48 

1 -74 

•34 

•02 

1-12 

1-8G 


Sulphuric aeid, 

trace 

Iracf 

tnn e 

trar-e 

Ino-e 

trace 

trace 

tra* e 

trace 

tract? 


lMsiulj>hidc of iron, . . , 

•13 

•OG 

•0.5 

-20 

•05 

•04 

•09 

•1 t 

•05 

•11 


Water, 

1-U 

2-2 1 1 

2-17 

‘2-25 

l-GG 

•90 

1-.57 

2', 57 

1 -7.5 

2*97 


Organic inatter, . . 

•3G 

1-12 

•7G 

1-.57 

•30 

•92 

1-38 

1-85 

1-14 

tiaco 


P<)la‘l^a 

•47 

'iili 

•GG 

•71 

•G7 

•10 

•31 

■49 

•08 

•27 


Tilanie to -id 


— 


— 

— 

— ' 


— 

— 

•OH 


I 98-88 

99 .V2 

99-31 

9ii-77 

99 10 

, 100-1.5 

99-74 

99 -.52 

99-84 

100-37 


OvKKMAN^N has the following ]’ernarks on the clay- 
band of America : — 

The compact carbonate of iron, splu'rosidente, argil- 
laceous iron ore, has no relation externally with the 
sparry' variety; it comi)rehcn<ls most of the clay | 
ironstones of the coal measures, particularly tliose 
whicJi occur in flattened splieroidal masses, varying in 
size from the dinnmsions of a Rmall bean to pieces 
weighing a ton. The color of this ore is commonly a 
dirty blue or grey-browm, reddish-brown, and yellowish- 
brown; fracture close-grained, hard, streaked while or 
brown, blackens before the blowqjipe, and if calcined, is 
attracted by tlic magnet. This car'lamate of iron, 
though belonging to the coal formation, is found in 
various places in the tertiary strata. It is the principal 
ore from which iron is smelted in England and Scot- 
land, and yields usually from thirty to thirty-tliree ])cr 
rent, of iron. It is largely distributed over the United 
States— Pennsylvania abounds in it. It exists in Mary- 
land, Virginia, Ohio, Illinois, North Carolina, and Ken- 
tucky. The diflleulty of working tJiis kind of ore in the 
blast furnace, may be assigned as the reason wdiy it is 
not more generally employed. England and Scotland 
use it extensively, and work scarcely anv other kind. 


Valuation of Ikon Oke.«.— T he value of the ore 
depends upon two coiidiliorjs first, the quantity of 
iron it eontaius, and, Bccoiid, the amount of impurities 
or matrix. The character and properties of the iinjui- 
I rities, and the extent to winch they will interfere witJi 
the quality of the iron when manufactured, must also 
he considered. To ascertain these points, the ore must 
ho Kuhjocted to testing or assaying. There arc two 
methods of assaying, t(;rrnod respectively tlie wet and 
dry. 

Wit MilhofL — What is termed the wet assay is the 
most accurate, and may })o porrormod by any ordi/iary 
operative, after a .short experience. Although, in tlie 
lirst instance, tlic operator wishes only to asccrtfiin 
the quantity of iron in tho ore, still, that being only 
a part of the process for obtaining the wlmle of tho 
ingredients, it will be better to describe hero the com- 
plete analysis ro(piired for praciticnl purposes. The 
mineral being grouji.lL weigli fifty grains and put them 
into a flask or pretty strong aqua regia, 

and then digest the miole on a sand-bath at a boil- 
ing boat for fifteen or tw(3nty minutes; remove the 
vessel from tho heat, and add a little water; after 
allowing it to stand several minutes, decant the clear 
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solution ; add to tlio undissolvcd residue as much acid 
and water as at first, and repeat the digestion *, then 
put the two solutions together, pour tlie wljole into a 
porcelain basin, and evaporate to dryness; next add 
two ounces hydrochloric acid, and two ounces water, 
digest for ten minutes, and pour the whole upon a 
paper filter, tahing care not to lose any of the liquid ; 
wash the residue upon the filter till tlie liquor jiassing 
through is free of acid ; dry the filter, heat the contents 
in a crucible to redness, and then weigh. This gives 
the insoluble mutter. The filtrate is now carefully 
divided into two equal proportions; to the one is added 
caustic ammonia in excess, and tlien filtered ; the con- 
tents of the filter are well washed, and then dried; 
the liquid filtered through with the washing is to he 
kept. To the other half of the solution add caustic 
potassa till the iron is precipitated, then add a consi- 
derable excess, and boil the wliolc for ten ininuteSj 
filter wliile hot, and wash the precipitate with warm 
water till the alkali is all removed ; tlie iron precipitate 
is then dried. These two iron prcci[)itaies arc now 
heated to redness in a cioicible, and weighed sejiarately ; 
1 the w^eight of the ©no olitained by potassa will be that 

} of the sesquioxidc of iron ; the weight of the other will 

I be the sesquioxidc of iron and alumina, if any of that 

j substance has been dissolved; the difierenco of weight 

I will therefore indicate llio alumina, which is noted 

I down. The quantity oTT iron whicli the sesquioxidc 

j contains is known by calculating their equivalents, 

I which are as ten to seven: — thus, if the bcsquioxido 

I obtained he 12*5 grains, then 10 : 7 :: 12’5 ; 8*75, 

I and this being in twenty-five grains, will make the per 

centagn of the ore thii ty-fivc. 

'J\) the solution filtered from the piocipitaie by am- 
monia, there is added oxalate of ammonia, so long as a 
precipitate is formed, if there he any; this ia stirred 
well, and after boating the solution it is again filtered, 
and the precipitate washed and dried. This is the 
lime in the state of oxalate, wliicli is converted into 
carbonate of lime by subjecting it to rod heat in a 
crucible, and tlien weigliod. As the caihouate is the 
condition in wliich the lime would exist in tlie mineral, 

I no calculation is required. To tlie solution filtered 
from the lime is added a little solution of jdiosphato of 
soda; the mixture is wadl-stirred for seven or ten 
minutes, and thou allowed to stand for an hour; if a 
precipitate is formed, it is filtered, well washed, dried, 
and burned at a red heat ; this precipitate is the plios- 
phate of magnesia. When ‘burned and washed, tlie 
quantity of magnesia present in the mineral is known 
from the fact, that every 237 pai ts of the precipitate 
arc equal to 85*4 magnesia. 

When the ore is to be tested for sul])hur, it is hotter to 
take a separate portion of the mineral — say twenty-five 
grains-- and digest in two parts hydrochloric and one 
nitric acid, for half an hour, then dilute and filter, and 
odd to the filtered solution chloride of barium — allow 
it to stand for an hour ; any precipitate formed is sul- 
phate of baryta, which is ob)||||i|||^filteriu^^ washing, 
and then drying and burningyevSy one hundred and 
sixteen parts of this precipitate is equal to sixteen parts 
of sulphur. If only the quantity of iron be required, 
then the operator need go no furtlicr than the first 


precipitate, but he wilHiavo to take potassa only, and 
proceed as directed above. 

The preceding method is applicable to any of tlae 
ordinary claBses of iron ore, such as the hematite, 
brown oxide, magnetic, ei cetera. Sulphides are neVer 
used for the manufacture of the metal ; but even these, 
such as the common pyrites, may also be tested in tlie 
same way. 

A few years ago Professor Fuciis recommended, for 
ascertaining the value of iron ores, the following process, 
founded upon the fact that copper reduces sesquioxide of 
iron to the state of protoxide Take fifty grains of the 
powdered ore to be operated upon, and digest in strong 
hydrochloric acid till all the iron is dissolved — say about 
lialf ail hour; then add by degrees about twenty-five 
grains of chlorate of potassa to oxitlise the iron — 
neitlicr nitric acid nor nitrate must bo used fur this 
purpose. When the iron is oxidised, the solution is 
brought to boil, then a clean slip of pure copper is 
added, which must liave been previously weighed, and 
the solution is kept in ebullition to prevent access of air. 
After ten miiuites’ boiling, and previous to removing 
the nndissolved coj)per from the solution, hot water is 
to be added till the vessel is quite full ; this is to be 
poured oil', and tJio vessel again filled with fresh liot 
water. The copper, which is generally covered with 
a brownish coating, is then carefully vrashed in cold 
water, dried at a gentle heat, and finally weighed ; every 
four grains of cojiper dissolved indicates five grains of 
sesquioxide of iron pixiseut in solution ; the quantity of 
m( lallio iron may then bo calculated as already stated. | 

Tli(^ advantages of a process of this kind are not only j i 

that it is siin])le and easy to perform, but the presence j j 

of any of the earthy matters, as silica, lime, alumina, 1 1 
or other metals, docs not interfere with it; only, if the 
ore contains arsenic, this process will not answer. 
Much care must be taken not to prolong the operation, 
as copper is dissolved by the acid present in small 
quantity, and in that case the results cannot be relied 
on ; yet many arc able from cxperienco to perform tJie I 
analysis in this way with groat accuracy. j 

Another sim})lc process for testing the quantity of j 
iron in an ore, based upon the reaction of tJie protosalts 
of iron upon permanganate of potassa, has been pro- 
posed by Makguluitte: — W hen a solution of per- 
manganato of potassa is poured into a very dilute acid 
solution of protosalt of iron, tlie protosalt becomes con- 
verted into the sesquioxide at the expense of the oxy- 
gen of the permanganate, decoloring the solution. As 
long as any piotosalt of iron remains, it is immedi- 
ately decomposed in proportion as the solution of the 
permanganate is gradually poured into it, the liquor 
assuming a very pale yellow color, duo to the sesqui- 
oxide of iron produced ; but as soon as all the iron is 
oxidised, one single drop of permanganate .sufliccs to 
impart a distinct pink color to the liquor, which indi- 
cates that the experiment is finished. 

Permanganato of potassa is prepared as follows : — 

rnrlJi 

inoxide of manganese, 2 

hlorate of potassa, 1 

Caustic potassa, 3 

Mix the whole thoroughly, int induce the mixture into 
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j a Hessian crucible, and keep it at a low rod heat 
I for about two hours. The mass, which is of a dark- 

i green color, is then reduced to coarse powder, and 

mixed witli three or four times its weight of water; 
after stirring the whole, nitric acid, diluted with half its 
weight of water, is gradually added until the liquor 
assumes a fine violet color ; it is then filtered through 
pounded glass or asbestos, and preserved in a glass- 
stoppered phial. The reason of filtering through asbes- 
tos or glass is because contact with organic matter, 
such as paper or linen, decomposes the permanganate. 
The salt is very stable, and may be preserved for a 
long time without alteration, provided always that it 
be kept in a glass-stoppered bottle, and cont.act with 
dust or any oiganic matter c;arefully avoided. 

To make tlie permanganate of the proper strength, 
dissolve twenty-five grains of jnanofortc wire — which 
maybe considered pure iron— in about 1’50() grains by 
measure of pure hydrochloric acid. When (lissolved, 
and tluj discngagiiinent of hydrogen gas has ceased, 
<hhite the solnlion with about one j^int and a half oi 
water. It is nocessary to dilute the solution to this 
extent, and to ojierate in the cold, in order to guard 
against the excess of hydrochloric acid reacting upon 
the permanganate and disengaging chlorine ; one thou- 
sand grains-nicasurc of the solution of permanganate of 
I ])otiissa, prepared as before described, being introduced 

I into an alkali meter, it mtist now bo gradually ponnul 

I theiefvom carefully, drop by drop, into tlie hydrochloric 

ae.id solution of iron just alluded to, stirring the liquor 

I all the time in order to insure coirqdelc action, exactly 
as in alkalimetry. 

! On adding the solution of permanganate of potassa, 
the o\)erator will perceive that, at first, it is decolored 
; as fast as it is poured in ; hut the rapidity of action 

! ! gradually diminishes, and, at last, it imparts to the 

liquor a pinkish tint, which indicates that the whole 
j i of the iron in the liquor is oxidised. The nimiher of 

! ' divisions Avliich liave boon niquired to obtain that 

i result is carefully ohscr\Td ; and su];)j)ObiTig, for ex- 

, i ample, that fifty divisions of the alkalimoter have been 

! required to oxidise the twenty-five grains of jjianofoile- 

' wire cmidoycd, it is evident that each division of the 

permanganate of potassa test-liquors represents half a 

I I grain of metallic iron. 

I , Hut whatever may be the strength of the solution 
of permanganate, it is always easy to adjust it to 
any desired standaid; if too weak, by coneeiitrating 
it by evaporation at a gentle heat; if too strong, by 
i diluting it with a suitable quantity of w’ater, so that it 
; may ho brought as near as possible to such a strength 
I that one measure of the alkalimeter may indicate half 
i a grain of metallic iron. 

Take twenty grains of the iron ore and reduce them 
! to very fine powder by Icvigation ; put tJiein into a 
I flask capable of holding about a quail of water, and 

I pour into it about one thousand grains-measurc of 

pure and fuming hydrochloric acid. The mixture is 
now moderately boiled until the ore has dissolved. 
Water is then poured in, so as to fill up about on^-third 
of the flask; and the salt of iron is brought entirely 
j to the state of protusalt, by adding about one hundred 
I craina of mire zinc, or about sixty grains of sulphite 


of soda. After boiling for a few minutes, and aa soon 
as the liquor no longer evolves an odor of sulpburoua 
acid, and has become greenish or almost colorless, all 
the iron has passed into the state of protosalt. ‘The 
solution is then diluted with a fresh quantity of water, 
so as almost to fill tl\o flask, mid tho test-liquor of the 
pci manganatc of potassa is poured in, drop by drop, 
until the characteristic pink color is produced. Tho 
operator then roads olf the number of divisions em- 
ployed. 

Let it be supposed, for exami>lc, that the test-liquor 
is of such a strength tliat each division represents half a 
grain of pure iron, and that twenty-two divisions have 
been required to oxidise tlie metal contained in the 
twenty grains of ore operated upon. It is evident that 
these twenty grains contain eleven grains, and conse- 
quently fifty-five per cent, of iron. 

This process is obviously much more rapid tlian any 
of those previously described, and the presence of any 
other metal or earth docs not interfere witli the results 
— exccj)t two, namely, arsenic and copper Should 
(iitlier of those bo })reser)t, they may be separated, pre- 
vious to applying the te*^t, by a bar of zinc, which pre- 
ci})itateH them. Then lilter the solution, and proceed 
as described. 

The Dry MethKl.—Wy tho i)reccding methods, it will 
be observed that it is the quantity of pure metal that is 
estiin.'ited ; whereas, by the process of sujclting, tho metal 
is not obtained pure. Some metallurgists prefer using 
a process more analogous to the smelting operations for 
testing the value of the ore and the quality of iJic iron, 
and for this purpose practise what is termed the dry 
assay ; this is performed by taking a sample of tho ore 
and fusing it in a crucible, to obtain the iron in tlio 
metallic state. It will have been observed, that the 
ores generally contain small portions f)i silica, alumina, 
H cetera. Such matters are by themselves infusible; 
but at a high tomi)cralurc they .‘omhine with the oxide 
(;f iron, and form a fusible cciiipound ; so that were the 
ore put into a crucible alone and fused, iron would 
not be obtained, but a combination of oxide of iron. 
It is necessary, tborefore, to mix with the ore some 
matters that will combine with tho sul^sUnces named, 
and set the iron free. Such are termed fluxes and re- 
ducing agents ; but even by the aid of these, tho opera- 
tion of assaying by the former requires great care, and 
neccissarily a very high heat, tho apparatus and opera- 
tions for wliich are as follow. 

The common assay furnace is of a veiy simple form. 
It is generally constructed upon the floor of the room, 
close to wliero there is a chimney, so as to insure 
a good draught. The following sectional sketch — 
Fig. 278 — will give the best idea of its construction. 
A is the fire-place containing two crucibles; n, tho 
chimney ; ashj)it open from the front for tho admis- 
sion of air ; the grate bars ; e/, cover for fire ; o, 
damper for regulating heat. 

The grate lijirs are loose pieces of bar-iron half an 
inch square, leaving an intervening space of the eemo 
size, and laid loose, so that they may bo removed and 
the fire-place (deaned out, as tho coals and bricks are apt 
to cake and choke up the fire-place. Tho latter should 
be lined with the best fire-brick built in with fire-clay. 
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and should bo from sixteen to eighteen inches square, 
and from twenty-four to thirty inches deep. The lire 
is fed from the top, which is covered by a fire-clay 
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tiKs, fmmshed with a rira of iron. The wliole furnace 
should be Btrap])od round witli belts of iron, to preverit 
its splitting or falling to puic es by tbe cxi>anBion ; or 
a very common rnctLiod, and the nmst secure, is to fit 
them round with a caal-iron casing, which is a great 
I)reventive against the fninaco rending and admitting 
currents of air.. The moat suitable fuel is a mixture of 
coal and coke. The furnace should l»o at a good heat 
before tlie crucibles are put into it. Some asBa3'cr8 
place a small piece of tihi or brick ujx)!! the bars on 
which the crucibles stand, while othei's embed them in 
the fire, which is the best method for obtaining an 
equal heat round the crucible. In a furnace of the size 
stated, two or three eiiioihlcs may be placed in the fire 
at a time, and this is often recommended; but the 
Editor prefers to iiso only one at a time, as giving the 
most certain results, though requij-ing a little longer 
for the oi)eration. The most rofractoiy kind of cruci- 
bles should be used; those termed the CoiTiisli and 
ITossian answer very well. A good assortment of them, 
laid in a warm place, should 1)0 kept on hand by the 
assay or. Covers are also prej)ared for them, by Iwiking 
a piece of fire-clay into the rccpiircd shape and size. 

For the purpose of insevling or removing the crueiblos 
from the furnace, a riumhcr of different-shaped tongs arc 
wanted. There are also required the following fluxes 
and reagents — pounded charcoal, slaked lime, potassa 
.'Old soda, tartar, borax, and ground glass. If tlic assaycr 
has a knowledge of chemical operations, ho will, before 
making an assay, ascertain by means of tests, as already 
referred to, an approximate idea of the quantity of lime, 
silica, and alumina present, so as to regulate his fluxes; 
but it often happens that the assaycr is ignorant of this, 
and he consequently judges of the quality of tho ore 
and the fluxes to bo used by tho appearance of tho ore 
when ground and burned. Tho assay is tlieii proceeded 
with, by first taking a sample of the ore and grinding 
it fine in an iron mortar, weighing out two hundred 
grains, and placing it, mixed with an equal quantity 
of dry slaked lime and fifty grains of powdered char- 


coal, upon a clean piece of glazed paper ; but if tho 
ore be a refractory one, a little carbonate of soda or 
potassa may also be added. 

The crucible should bo previously prepared by filling 
it wdth pounded charcoal, moistened with water ; this 
should be pressed into the crucible, and dried. A 
hole is scooped out in the centre of tho charcoal, so 
I as to leave about one quarter of an inch of cliarcoal all 
round. The mixed ore and flux are put into this cavity ; 
tho crucible is covered and luted with clay, and then 
placed in the centre of tho furnace, tho fire of which 
should have been allowed to hiirii low. When the 
crucible is properly embedded, coal and coke arc 
packed all round and over it, tilling the furnaco nearly 
to the top; the crucible being as nearly as possible 
ill the centre of the fire. For a time tho tire is allowed 
to bum slowly, so as to drive off all damp from the ore 
and crucible. Aftei a while the fire is covered, and 
the heat raised to the highest jjiteh and continued for 
about half an hour, when the cover of the furnace is 
removed, and a [jortion of the fire is taken out from tho 
top, to expose the cnicihle, which is then withdrawal 
by*a pair of tongs, giving it a gentle tap upon the floor, 
to shako down any particles of fused metal. When 
cool, tho lid is taken off and the contents examined. 
I'or this purpose the crucible is generally broken ; if 
the lempcraturo has been sufliciciit, a small button of 
metallic iron wdll be found under the slag ; if the heat 
has not been high enough, or a projier 8 up[>ly of flux 
has been wanting, the slag is full of small metallic beads, 
or tho whole forms an aggliilinalcd ma.ss ; in tho latter 
case, the only remedy is to repeat tho operation. If 
the process is successful, the small button of iron is 
carefully detached and liamrncrcd, to drive off any 
scoria adhering. The success of the whole operation 
is judged of by the ap}>cavance of the slag ; it should 
be a grcenisli or greyish glass, 'rids should be ground 
fine and spread upon paper, and a magnet drawn over 
it to detect any little prill of iion which may have re- 
mained in the slag. The whole non is then weighed 
and tho pcr-centage calculated. Iron thus obtained is 
not perfectly ])ure, but in general it is as pure as cast- 
iron, and therefore be taken as the true valuation, 
if cast-iron is to bo made fi*om tho same ore. 

MiTSiiET, in his work upon iiou and steel, enters 
extensively into tho assajdng of different ores by the 
furnace; he arranges the ores for as.say into three classes 
— argillaceous^ calcareous, and silicious — according to 
the earthy matters that prevail, so that there may be a 
proper distribution of flux, and each class is divided 
into two varieties, as follow's ; — 


Fir'll AviTairo 

Vftrktj 

Argnineemta iron j 

(silica, 3 ... 


AvprHf-p 

Iiruportioii. 

. , 10 
. . 7 

... 3 


For every four ounces troy of this class of ore, ho 
recommends as flux the following ingredients well 
mixed : — 


variety 

Ouucc«. 


variety. 

OUIIOM. 


Ilotile-glaPR, *.4 

Chalk, 3 ... 

t'harcoal, 0*50. . 
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Second class of ores ; — 


Tinit 

Tarli'ty, 


CaUtareous iron 


s V lay, .. 


Avt'rnf'e 
pi ojiortiiui 

.14 

. 6 ... . 

. 4 


Sronnd AvurA^o 
\nr\Lty pnji)Oiticin 

Lime,. .. . 10 
Silica, .... 6 

Olay...... , 4 


24 


20 


I'lrjit vaiioly. 8«cnn<l variety. 

UUUCOA. UUtlOM. 

Boltlc-gluss, 8*00 3*60 

Chalk, ' . . , 3 2-50 

Charcoal, . 0*75 0*50 

For hematite and such lilco ores that contain small 
portions of silica, the bivst Ilux for four ounces is — 


The flux rcoommended for this class is — 


Kii <il V Hncty. viii 

(.luiietS 

r*ottle-glaHs, .fj 4 

Chalk, . . l-riO . 2 

Oliarcoal, . . , 0‘75 . . . . 0-50 

Third class of iron oics h — 


Sitk'ioua iron 

orcj 


First AM'nu'e 

vnnity. priijKii ihfn, 

(Silica, 12 . . 

-I hiiiio, 8 . , 




Bfcotul Avorape 

viirk'Iy piuiiuitiun 

. iSjlioa, U) 

. ( 'lay. 7 

. ljuic, ... . 5 

22 


Fhix recommended fur lour ounces of ore;- 


OuneoA. 

Chalk, 1 *50 to 2* 

Charcoal, 0*50 

Many assayers use sliikcd lime alone; others add 
with the lime small portions of the alkaline carbonates, 
or borax, which often facilitate the fiision, especially 
with such ores as contain much silica and alumina, and 
I are, conscipiently, very refractory. 

The button of iron obtained in the a8.say is subjected 
to the following test; — It is placed between a fold of 
thin tin-plate, to prevent it flying away on being struck, 
it is then hammonid upon an anvil and broken ; if tlio 
j button flattens before breaking, and the fracture have 
! a greyish appearance, the quality is considered good ; 

'-’ 7 '). 



but sliould it split on tho first tfiow of the liammer, and ] is not good, and tho ore is judged unfit for the best 
show a crystalline fracture, whitish in appearance, it quality of iron. 
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Manufacturing Opp:kations. — Iron is produced 
for the purposes of the arts in three diilorent states — 
as crude or cast-iron^ steely and 7rtalleablc or har-iroit. 
These three modifications are the results of several and 
separate operations, undertaken for the express purpose 
of obtaining the quality of iron desired ; altliough, when 
each is 'tested separately, they are found to dilfer only 
in the quantity of carbon or charcoal in their compo- 
sition. Malleable iron is the purest, and has very little 
carbon in it; to have it quite pure is the aim of the 
manufacturer, but this is never accomplished in prac- 
tice. Steel contains more carbon than bar iron, and 
cast-iron generally more than stool; but there is no 
fixed proportion of that ingredient in either by which 
a lino may bo drawn between them ; they seem to 
merge into one another, so that sumo kinds of steel 
may bo colled cast-iron, and some cast-iron may be 
considered steel. The ditVereiice is often more de- 
pendent upon the mode in wJjich the carbon is com- 
bined with the iron, than on the exact quantity present. 
Ordinary crude or cast-iron eonlains, also, other impuri- 
ties, as silica, which render it veiy inferior; and tlie 
variable amount of silica and carbon found in difi’erent 
kinds, gives rise to a great variety of qualities of east- 
iron, distingnished by technical names, such as r/rc/y, 
vioilM, lohiU^j silver j et ctjcra. 

The nuiriufaetiiring operations succeed each other in 
the following order: — 1. Tiie ealeination of the ores, 
by which the carbonaceous and volatile mattisrs me 
burned off, and the whole reduced in bulk to prepare 
tliem for the smelting furnace; 2. The extraction or 
reduction of the metal in the form of cast-iron by | 
smelting; 3. The conversion of the cast-iron into inal- 
lenbleor wrought iron by puddling and rolling; and 4. 
'Jlio reconversion of the conq>arativel 3 ' pure inalb'able 
iron into tliat particular carbide which is known as steel. 

Calcination of the Ores. — The earboiiated 
ores of this country are goneially prepan'd for tin* 
blast furnace by a process of calcination wbicli bums 
away all volatile matters, and concentrates the metal. 
l'"or this purpose the ores are aoeinnnlaled in laigi' 
heaps, generally in an open field, and mixed with ear- : 
bonaceous matters, such as small coal. Some of tlu' 
black bands have sufiieient coal in tlua’r composilioii to 
effect their calcination. After a hca]) of several Inin- I 
dred tons is collected, a fire is kindled at the windward 
end, whicli gradually passes on through tlio whole mass 
and burns for several days, producing a very high heat, 
often Bufficient to reduce and fuse sonie of tlie metal, 
which, however, is not desirable. 

The black-band iron ore, of the average of lliirly- 
tbreo per cent, of iron, will contain, after cahination, 
an average of seventy per cCnt. of iron. The clay- 
band of thirty per cent, of metal in tlie ore, will, wlien 
properly calcined, contain about fifty-four per cent., 
BO that by this means a great saving is effectetl in the 
amount of fuel required for the subsequent operation of 
smoUing, 

Instead of roasting the ore open heaps, the same 
operation ia sometimes performed in kilns, similar to 
those uaed for burning lime. In some districts, this 
method ia found more coiivenient than large open 
heaps, covering often several Inindrod square yards. 


Smeltin(j the Ores.— The next operation is the 
smelting or reduction of the calcined ore, and the first 
subject which falls to be considered under this head ia 
the form and materiel of the furnace. 

The structure of the blast furnace varies consider- 
ably in different loi^alitics, according to tlie views of the 
smelter and the character of the ore and fuel, but in 
their general features there is miicJi sameness. Draw- 
ings will be given of a few of the forms adopted at 
different times and in different places; but to enable 
llio reader to understand the references to particular 
paits, it may be well to introduce, in the first i)lace, 
an external and sectional view of a blast furnace of 
modern construction. The former is shown in Fig. 
279, including the sand-bed in which the metal flows, 
to form the pigs of cast-iron as they are taken to market. 
1^'ig. 280 is a section of a similar furnace, consisting of 
two courses of fire-biiek, mmmm' between these is a 



casing, / of pieces of brick, scoria, and sand. Over 
the whole is the external coating of Ibiok masonry, n 
formed either of ordinary bricks or of stone, as is most 
convenient. Tiro inside lining of fire-bricks is teebui- 
cally termed the shirt of Ibc furnace ; the part extend- 
ing from the cross lino at n, and running down into the 
crucible portion at F., is composed of fire-stone ; occa- 
sionally fire-bricks of the most refractory sort are used 
for this part also. Tlie small part at R is termed the 
hearth; the bottom is formed of a large firo-stono, 
supported by a mass of mason- work, having air-chan- 
mds, as seen at N, while open andies or galleries, PPP, 
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are made below, one mters^ting anollicr at right (mgle$, the Jr6n is obtained, thin f axnaee has been named the 
to keep the whole ereotion dry. d is Uie chimney salatnand&r furnace. 

Burroimded by a gangway, with openings to admit the Fig, 282 ro])reBent8 what is tnmorl the hjm <mn^ 
barrow, by which the fumaccman introduces the ore, This kind of furnace is in common use in Germany, 
flux, and fuel, o is the Ihrooi or tmnnel hole of the 
furnace ; A ia called the cone or hod) ; b the boshes ; 

II H are arches leading through from one tuyere-hole 
to another, for convenience in attending upon the 
furnace. One of the stones composing the hearth, as 
shown at r, docs not reach the base, but is supported by 
a strong boai or of iron built into the masonry, on which 
rests a block of sandstone called the iyatp. llelow, 
and a little in advance, is placed what is tenned the 
clamstone, a. The sides of the health are ptifoiated 
a little above the level of the tymp with holes, c c, for 
the admission of the discharging orifices of the blowing 
apparatus, tcimccl tuyons; flie arrangements of which 
will be fehowm in a futuio figure. 

The pieccding details will enable the loader to ap- 
preciate tlie points of resemblance and of diflercncc in 
the following furnaces. 

Fig. 281 reprosentfl a furnace which at one time was 
very common in Euiope, and some specimens of which 





and appioachcs neai to oui ordmaiy hlaBt-fumace in 
the inl( trial el ipe, ils height is fioiii twenty to twenty- 
five feet; a ii dicatos Uk tu}cie holes; it is also fur- 
nibbed wMth f breast, wJuoli can be lemoved ; at the 
bottom, however, is a small bole, to let out the fluid 
metal, and a httlo above this, another to enalile tlie 
scoria to be taktn out. The bottom of the furnace is 
made to slope to the tap-liolo. *l'be fuel used is char- 
coal. This is considered an excellent furnace for spar 
iron ore, an4 yields a good steel- iron. 

I The fonn of finnace us( d in the TTartr mountains is 
' shown in Figs. 283 and 284. It is constnicted of very 


still exist in Spain and Hungary. It is exactly in tlie 
foim of two crucibles, the one inverted over the other. 

This furnace measures from ten to sixteen feet in height, 
two feet wide at bottom and top, and five feet in the 
oeiitre; two tuyeres are seen at oo, which admit the I 
nozzles of two pair of bellows ; in the front is an 
opening about two feet Sfjuaie, which, while in work, 
is built up with brick. After the funiace is heated suffi- 
ciently to permit the descent of the partially-fused racial, 
it is charged with tlie ore and charcoal fuel, and tliis 
is continued till, from (he quantity of ore put in, tlie 
reduced metal would be up to nciu the tuyeres. The 
liM is then stopped, the front part, or breast waU, 
bu® up with brick, is removed^ and tlie wp;, wWh 

oxisteinasoHd masis la ld 9 souud removed l^jrowr bwofwwmy. crucible p<ution,c^ is vojyh^ 

theujtswH forge hammers aud W^ght oarrow, while the boshes, b, m <^cec^ngly flat, t» aflow 
up Wb bdNiWfc thu llront is again buflt and the of 91, “rerj large body fjf cost Uud me ; Hie ores iaiMt 
8 n i 6 Si% ttpewMlwiWffWed. From Ihaatatwi m locoUty V^ig vtfy tolWfiar^epmpoaocI mostly of red 
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price,^ 0«ly (I few cargoes of this substance ^ awiually obtainable. Its composition is subjoined 

Moisture, * 3^0*5 

Organic matter and aalte of amnjonia 62*5 

Ifiarthy phospluilea 12*0 

AlkaUne saltB, V‘5 

8ait4, €t cetfirat S*2 


Ammonia per cent.» 2l’l 

JkNALTSlS OF TOE OflTEF PHOSFnAIJIO AMO OTflEB aVANOS->-AyBHAC»B OOHFOBITIOK FRO«f 8EW.RAL ABA1.YSBS. 


Moisture, 

Organic matter and salts of 

IcbabMt 

earlier 

tmportttCkiiui, 

. . . 27-3 . . 

Mie«nt 

liQUortatluiiii 
. . 20*0 . . 

Sftldanba Bay 

, . 20-0 . . 

ratagonian. 

. 25-0 . . 

Bolivian. 

, 10-0 . . 

Chilian, 

. 20-4 . 

1 

KooHh Moorla. I 

... 18-1 I 

1 

.. 

. . 24-4 . . 

. . 14*9 . . 

. 18-3 .. 

. 21-7 . . 

.. 18-6 . 

. . 12-4 i 

j 

monia, 

Earthy phosphates, 

... / 

... 30-3 . . 

.. 20*4 .. 

. . 66-4 . . 

. 44-0 . . 

. 51-5 . 

.. 31-0 . 

. . . 42-7 


Alkaline salts, 

... 6-0 . . 

. . C-2 . . 

. . 6'8 . . 

2-1 .. 

. 14-1 .. 

.. 7-3 . 

. . . 4-2 


Carbonate of lime, 

... — 

— 

. . — 

— 

— 

— 

. . . 41 


Naud, ei cetera^ 

.... 3*1 .. 

.. 29-0 .. 

. . 2-9 . . 

. . 10-G . . . 

2*7 . . 

. . 22-7 , 

. .. 18-5 



100-0 

100 0 

lOO'O 

lOO'O 

100-0 

1000 

100-0 


Ammonia per cent., 

.... 7-3 .. 

. . 6-0 . . 

.. 1*47 .. 

. . 2-5 .. , 

4-5 

. . 5*47 . 

. . , 2-05 



The following is a simple method for analysing 
guano, which gives sufficiently accurate results for com- 
mercial and agricultural purposes. The sample of 
guano, which ought to be taken from different bags, is 
to be well mixed, and about two pounds of this taken 
for analysis. If there fjre lumps in the sample, these 
are to be finely pounded, and tlie whole repeatedly 
passed through a sieve so as to get a uniform mixture. 
To determine tlio moisture, about fifty grains are to be 
dried at 212*" till they cease to lose weight. 

J^ar Ammoma,^!! the sample is rich in ammonia, 
about twenty grains, and, if poor, about fifty grains ore 
taken, a few drops of hydrochloric acid added to pre- 
vent tlio loss of this alkali, which takes place in some 
guanos on exsiccation, and Uicn dried at 212°, and 
burnt with soda-lime, which must also be previously 
desiccated and cooled immediately before use. The 
mixture is introduced as rapidly os possible into tlio 
combustion tube. No appreciable loss of ammonia 
occurs if the substances ore well dried before mixing. 
For ordinary purposes, sufficiently exact results are 
obtained by simply evaporating the chloride of ammo- 
nium on a water bath to dryness. Cue part of this 
salt represents 0'3] 5 of ammonia. 

Fifty grains of tlie sample are burned at not too 
high a temperature, till Uiey cease to lose weight. The 
loss in weight represents tlie moisture, organic matter, 
and ammoniacal salts. 

After being we^hed, the ash is digested in warm 
water, filtered, and washed two or three times. The 
residue dried and weighed, represents matters insoluble 
in water ; the loss represents the soluble alkaline salts, 
which generally consist of chlorides and sulphates; 
and in the case of the bettor does of guanos, such as 
Perorian, also of alkaline phosphates. The aqueous 
filtrate may be divided into two portions, in one of 
whi^ the {fiiospboric acid is determined by the Addi* 
atonal ebloride of ^ 


lion of the fluid, and to test for the presence of polassa, 
soda, sulphuric acid, and chlorine. 

*The ash left by the water is treated with dilute 
hydrochloric acid, filtered, and the residue washed and 
weighed. The undissolved portion is sand, clay, and, 
in recent or adulterated guanos, gjqisum. By boilmg 
the residue for half an hour in a concentrated solution 
of carbonate of soda, filtering, washing the residue, 
and then acting on it in the filter with dilute hydro- 
chi'ric acid, and again washing, the gypsum will be 
tolerably well removed from the sand and clay. The 
difference in weight represents the sulphate of lime. 
If gypsum is present, portion of this dissolved in 
the wateiy solution is apt to be reckoned as soluble 
alkaline salts : correction should be made for this. , .. ^ 

The hydrochloric-acid solution is precipitated by 
ammonia, and tho earthy phosphates filtered, dried, and 
weighed. The precipitate obtained by amuonia when 
added to tho sand and gypsum, ought to n?^rly tlie 
same as the weight of ash left by .“^-Vhen 

tliis is not the case it is due to impuritie^^a^te car- 
bonate of lime, and tlie loss of weight corresponds to 
tlie quantity of this substance present. 

AdvUerati(m of Guano , — ^From its high price there 
is no manure so subject to adulterations as guano. The 
substances generally made use of for this purpose ore 
sand, marl, limestone, clay, powdered bricks or riles, 
gypsum, chloride of sodium, et cetera. One or more of 
those substanoes mixed with tho strong smelling guanos, 
such 08 the Ichaboe, and by the addition of a few fea- 
thers, form altogether so prime-looking an article, that 
even experienced buyers are deceived by it. Chemical 
analysis alone can reveal the deception. 

Tarions simple experiments have been proposed to 
enable inexperienced unscientific persons to say whether 
a given sample of guano is or is not sopbistioated. The 
conclusions are drawn from the ^ecific gravity, the 
color of the ash, effervescence with an acid, et cetera, 
^ ^^^^^^^^^ ^wonld only be correct for certain 


^ mm:. 
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When burnt it leaves a perfectly white ash, when pure; 
but if adulterated with sand, marl, el cetera^ the ash is 
more or less of a Ijrown, or reddish-brown color. • On 
the addition of strong acetic acid or hydrochloric acid 
to the ash, there is no effervescence if pure, but strong 
offeiTescence if adulterated with marl or chalk. 

On the Mode of Estimating ike Money Value of 
Guano , — If the money value of a manure is to be cal- 
culated, it is only necessary to ascertain the prices at 
which its valuable ingredients can be purchased in the 
market. Agricultural chemists have endeavored to 
fix the market value of the different constituents of 
manures, but their scales are not uniform. The fol- 
lowing table gives the value per ton of the different 
constituents of manures, according to four different 
agrioultural chemists : — 


Ammonia, 

Insohiblo phosphates, 
Soluble phosphates, . . 

Potaesa, 

Alkaline salts, ..... 
Organic matters, . 
Gypsum, 


Ammonia, 

Insoluble phosphates, . 
Soluble phosphates, . . , 

Potassa, 

Alkaline salts, 

Organic matters, ... 
Gypsum, 


W>y 

.£66 0 

0 


Hodffna. 

. ... £56 0 0 

. 7 

0 

0 


. 7 0 0 

. 32 J3 

0 


... 25 0 0 

. 30 10 

0 


.. 20 0 0 

. 1 

0 

0 


.. . X 0 0 

1 

0 

0 


. . . . 0 10 0 

. 0 0 

0 


.... 000 

Kottblt 
.£60 0 

0 


Ancluraoti, 

. £56 0 0 

. 8 0 

0 


.... 7 0. 0 

. 24 0 

0 


. .. 28 0 0 

. 0 0 

0 


. . 20 0 0 

1 

0 

0 


too 

1 

0 

0 


. .. 000 

. 1 

0 

0 


.... 000 


Discarding the decimals below 0*5, reckoning those 
above 0*5 as an additional unit, and leaving out of the 
calculation the value of the organic matter and potassa, 
the price of Peruvian guano would bo the following, 
supposing the market value of its constituents to be as 
above stated according to Way : — 




V.tlu« per 

ton 

ToUl 

Moisture, 

. 13-67 . 


— 


. . . — 

Org^anic matter, 

Earthy plRsphates,. . . 
Bolnhle pliM^atcu,. . 

. 62-05 


— 


, . . . — 

, . 23*0 . . 

.. £7 

0 

0 

. . . £161 

. 7*0 . . 

.. 32 

13 

0 

. . . . 228 

AlkcAine 

. 10-0 .. 

. 1 

0 

0 . 

10 

Potassa /rJpPF al 1 

^30.. 

.. 30 

0 

0 , 

. . . . 90 

Ammonia, , 

. 16*50 .. 

.. 56 

0 

0 . 

, . . . 924 


Special Manures. — Bone Manure History . — ^Bone 
manure is said to have been long in use in hothouses 
in Germany, whence it was first introduced into Eng- 
land. Arthur Young in his Northern Tour, 1770, 
mentions, that in the neighborhood of Sheliield bones 
were a very common manure for grass. About the 
same ^period, bones were used for turnips and arable 
crops in Uie limestone district of Yorkshire, and Lin- 
colnshire. Like guano, it was at first received with 
distrust, and only after many years took its place in 
agriculture as one of the most valuable Bj)ecial manures 
known. In 1823, the declared value of bones im- 
ported into Great Britain was only fourteen thousand 
three hundred and ninety-five pounds sterling, and in 
1837, it was two hundred and fifty-four thousand six 
hundred pounds sterling. In 1815, the quantity im- 
ported into HuU was about eight thousand toUs, in 
1833, it was seventeen tJidba^d five hundred tons, ^nd 
in 1835, was twenty-five thousandjigm hundred tons. 
The ohief eupply comes from i| |P iirf‘^d Rdssia, 


and fronil^ie coasts of the Bal|ic. The earlier form of 
using this manure was as calcined bones, or when on- 
calcined, they were broken in pieces and distributed at 
the bottom of the manure heap, to undergo deoompoai- 
tioo. In 1840, an increased impetus was given to the 
employment of bones, by the recommendation of 
Liebig to render it more readily soluble and available 
to plants by the action of sulphuric acid. 

Theory of the Action of Boties . — Bones consist of 
two portions, organic and inorganic, in the proportion 
of about thirty-three of the former, to sixty-seven of the 
latter. The chief portion of the inorganic part, the 
phosphate of lime, called in agricultural language, bone 
earth, is supposed by Berzelius, to be a peculiar basic 
compound of eight equivalents of lime, united to throe 
of phosphoric acid, and having the following per centage 
composition : — 

Contoaiiually. 

Lime, 61 -12 

Phosphoric acid, 48*88 

100*00 

Mitscherlicii and others, however, regard it with 
more probability as a compound of three equivalents of 
lime and one of pliosphoric acid, its composition being 

CMOteilmNlIy. 

Lime, 63*80 

Phohphonc acid, 46*14 


100*00 


The thirty-tlirce per cent, of organic matter yield, 
by decay, about five and a half per cent, of ammonia. 
Hence iresh bones are valuable as a manure for the 
large quantity of earthy phosphates they contain, and 
the considerable amount of ammonia they are capable 
of yielding. 

Liebig's axiom is, that no special manure can be of 
any use if the soil docs not possess the other ingredients 
necessary to the crop. Bones are, therefore, only valu- 
able when these conditions are fulfilled. Under such 
circumstances they have been proved to bo the man- 
ure for turnips. 

As bones furnish only two substances to crops, science 
as well as experience indicates that they are more likely 
to be useful when used as auxiliaries — for example, with 
farmyard manure, et cetera. At all events, tliat this 
is true, when bones are to be used for some years, may 
be deduced from the mineral tlieory. A sticking 
instance of this fact occurred in Nottinghamshire. The 
soil was supposed to have become deficient in bone 
earth, and as the first applications produced very good 
results, it was supposed that by the constant repetition 
of a larger quantity increased fertility would follow. 
These hopes were disappointed, until it was shown by 
other experiments that other mineral constituents were 
necessary. By the addition of these, the accumulated 
stores of dormant bone earth immediately began to 
develop wonderful effects. This is but another instance 
of the truth of the mineral theory of Liebig. 

The rapid fertilizing effects of bones depend ^ the 
state in which they are presented to the roots of ftfants. 
When buried in the entire staWf they Undergo decom- 
position very slowly. Hence it has been found neces* 
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Bary to make them mote rapidly available grinding 
them, in which state they undergo fermentation readily, 
are reduced to powder, and thus made, more soluble ; 
or the ground bones, instead of being allowed to ferment, 
are first acted on by sulphuric acid, by which they are 
converted into a soluble form, known under the name 
of superphosphate. 

Steamed Bones* — Mr. Blagkall found, that bones 
submitted to high-pressure steam decomposed rapidly 
in the soil. This method was recommended by him as 
a good process for agricultural purposes. Others have 
found it necessary to crush the bones after steaming, to 
render them fit for application. In this method there is a 
loss of nitrogen in the gelatin dissolved out by the steam 

Fermented Bones , — Another mode for the decom- 
position of bones, bo as to render them more readily 
available, is by fermentation. The process consists in 
mixing the bones with earth, ashes, farmyard manure 
into a compost, and leaving them to ferment. Certain 
substances, such as peat-asbes, have been supposed to 
cause this action more rapidly. Mr. Pusey showed 
in 1847, that by mixing bones with an inert substance, 
such as sand, and watering the heap, and then closely 
covering up the whole with earth, putrefactive fermen- 
tation was generated. 

The process would be still more efiectual, and product 
a bettor mixture, if instead of sand, wood or peat ashes 
were added to the ground bones, and urine employed to 
moisten the mass instead of water. As there might be 
a loss of ammonia by the heat generated, it would be 
advisable to spread a layer of sulphate of lime between 
the bones and the covering of clay ; or to mix two or 
throe hundredweight of gypsum with every ton of bones. 

Dissolved Bones. — Superphosphate of Lime , — This 
term is bestowed on the commercial mixture of bones 
and sulphuric acid rendered dry by vai-ious absorbents. 
The mixture consists essentially of neutral phosphate of 
lime, which is scarcely soluble in water ; biphosphate 
of lime, which is quite soluble ; and sulphate of lime. 

If the composition of the neutral phosphate of lime 
be taken According to Beuzelius, as 


Phosphoric acid, 4fi*5 

Lime, 51-5 

100-0 

and the biphosphate, as containing 

Phosphoric acid, 71-5 

Lime, 28-5 


100*0 

Then one hundred parts of rioutral phosphate can be 
converted into sixty-eight parts of biphosphate by the 
removal of thirty-two parts of lime by sulphuric acid. 
But as the materials from which superphosphate is 
manufactured, namely, bones, coprolites, et cetera, are 
not pure neutral phosphates of lime, a larger quantity 
of sulphuric acid is required. The average compoaition 
of raw bones may b© taken as the following : — 

* * Water, fat, and cartilaee, 48 

Phosphate of lime, with a little phoeiphate > . « 

of magneBia, ) 

1 Carbonate oT lime, ^ 4 

Alkaline chlorides eulphatoB, 2 

• ■ ' ^ • ’ 100 



If the whole of this is to be converted into biphosphate, 
the following quantities of sulphuric acid, of specific 
gravity 1*70, would be required : — 

Poum’* 

To neutralize the carbonate, 4 

To convert the whole phosphate into biphos- ) nr: 
phate J 

Total, 29 

Provided tlie bones are finely ground, and the acid 
and crushed bones well mixed, theory would indicate 
that, by employing sulphuric acid to the extent of one- 
third of the weight of tlie raw bones, the whole of the 
bones would bo converted into biphosphate. j 

Superphosphate of Lime from Coj^rolitcs. — Copro- 
lites have been extensively used as a substitute for 
bones in the manufacture of superphosphates, but they 
do not produce so good an article. They are very hard, 
and unless well ground, which is frequently not the 
case, they are not readily acted on by acid ; moreover, 
a larger quantity of acid is also necessary, as they con- j 
tain a larger proportion of carbonate of lime. | 

Practical Rules for the Manyfacture of Superphos- 
phate of Lime, — The essential, condition in this manu- 
facture is, to reduce the bones or coprolites to be acted 
upon to as fine a state as possible before applying the 
acid. The sulphuric acid, mixed with twice its bulk 
of water, or further diluted with due regard to the 
subsequent drying, is added by degrees to the crushed 
materials, which are kept constancy stirred so as to 
bring all parts into contact with the acid. The absor- 
bents, which are either ashes, mould, bones, coprolites, 
or some such materials, are then to be added, till the mass 
is sufficiently dry. Where machinery cannot be had, the 
following modification of a plan propefeed by Mr. Pusey 
has been found useful, on a small scale, for the conversio!; 
of eighty bushels of bones. A circular wall, in height 
about two feet, is formed of ashes. The space inclosed 
is about ten feet. The crushed bones are passed 
through a fine quarter-inch sieve. The coarser particles 
are laid fiat in the centre, and the finer are placed, 
round the ring, close, to the ashes. Water is then 
added to the hones so as- thoroughly to saturate them, j 
after which they are turnq^d over frequently in the 
course of a few hours. If a sufficient quantity of water 
has been added to the bones, it is not necessary to 
dilute the acid any further. If one part, by measure, 
of acid is to be used with three parts of water, it is 
better to use one-half of this water to saturate the 
bones, and to dilute the acid with the other half of the 
water. After the bones have been turned the acid is 
added gradually, tho bones being constantly turned and 
mixed with the spade. In six or eight hours after the 
addition of the acid, the fine bone-dust, forming the 
second circle, is thoroughly mixed with the bulk. Ne-xt I 
day the ashes forming the outer wall are thrown over 
tho heap, which is then left undisturbed for a week. 

The heap is then opened out and thoroughly mixed 
witli the ashes, and finally passed through a sieve. If | i 
not sufficijsnfjy dry for this last operation, a further j i 
quantity of^ashefl may be addled to it. 

Ccmpemiim of Lime, — It is | 

tremely ffifl^ral|l|Bve the average composition j 

Buperpho8|lmlmH|| which might serve as a standard j 
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of oompariBon for this substance, as Pcrutian guano 
does for manures of that class. Thk arises firom tho 
diSeronce in the materials, aud in the mode of maim- j 
iacturo. 

According to theory, if one hundred pounds of raw 
bones could be perfectly acted on by twenty-nine 
pounds of strong sulphuric acid, the composition of the 
resulting superphosphate would be in round numbers — 


Moisture, 

.... 10 

Ammal matter and fat, . . . 

27 

Sulphate of lime, 

.... 39 


f = tu 35 parts ot bono 

Biphosphatc of limo, 

. . ., 24 *< earth phosphate ron- 


( derei soluble. 


100 


The animal matter, about twenty-one per cent, would 
furnish about one and a half pounds of ammonia. It 
k, however, practically impossible with these quantities 
to convert the bones as completely as stated above, 
into superphosphate. 

Of one hundred and seventy-one samples analysed 
by Way, he found 


11 uamplee contiiiiitig 


betwcoii . 


plionpltnu 

. ft 

. .ft Olid 1 0 

. 10 and 15 
. 1 .ft oud 20 
. 20 


From tljese analyses he concludes, that a good super- 
phosphate will contain between ten and twenty per 
cent of soluble phosphate ; that is to say, the biphos- 
phate is calculated ho as to represent neutral phosphate, 
which is thus represented as soluble. In round num- 
bers, twenty-four parts of biphosphatc are equivalent 
to thirty*-<^.ve pai:4l3 of bone-earth phosphate rendered 
soluble.^. 

Anderson, Way, and the Editor, from numerous 
analyses, have adopted fifteen per cent, as the average 
amount of soluble and the same of insoluble phosphate 
in the above article as vended. With these data, the 
average composition of superphosphate in the market 
in 1856 was 


Moisture, , . . . 
Aninial matte', 


rz=: to 15 per cent, 
of soluble bone 


Biphosphate of lime, 10 •< 

I 

Insoluble phosphate of lime l.ft 

Hydrated gypsum, 34 

Alkaline salts, 4 


I Ammonia, about 1’5 per cent. 

The money value of this superphoBphate, calculated 
according to the plan adopted for guano, after leaving 
out the non-essentials, would be as follows : — 

per ton. 


Gvpsum, . 
Alkaline a 


15 X £3.3 = 

£495 

15 X 7 =: 

105 

84 X 1 = 

34 

4 X 1 = 

4 

1-5 X 56 = 

81 


£722 


Price about seven pounds five shilling)* per ton. 
According to the opinion of some agricultural chemists, 
the manufacture of superphosphate df lime will be im- 
perfect so long as insoluble phosphate ^figures as one of ; 


its ingredients. Manufacturers now send superior 
articles into the market, and many samples of super- 
phosphates are found in which no insoluble phoi^ates 
exist, and the* proportion of the soklde phosphates is 
oonsidmably above twenty per cent. 

AnalffsiSf Adtdtemiion, et edeta, of SuperphoBp^es, 
— The analysing of superphosphate of lime is substan- 
tially the same as for guano. The determination of 
phosphoric acid in the soluble phosphates may bo 
rapidly and conveniently made in the following man- 
ner : A considerable quantity, say a quarter of an ounce 
is taken and mixed with about four ounces, by measure, 
of hot water, and allowed to settle, and the superna- 
tant fluid poured through a filter. The residue is 
treated in the same way, two or three times, with a 
fresh portion of water. About a quarter portion of 
this fluid is taken fox analysis, neutralized with am- 
monia, and again rendered acid by acetic acid; and 
after tlio addition of acetate of potassa or ammonia, 
the phosphoric acid is precipitated by tlio addition from 
an alkalimeter of a solution of sesqnichloridc of iron of 
known strength. After being rapidly filtered,’ and 
washed with hot water and dried, the increase in weight 
over the known quantity of sosquioxide of iron added, 
represents the phosphoric acid, 48'6 of which corre- 
spond to one hundred parts of bone- earth phosphate 
rendered soluble, and 71 '5 to one hundred of biphos- 
phate of lime. 

Application of Bone Munure. — As a manure for 
grain crofis, bones are not in repute. Thoir addition, 
however, k of use on those soils, Huch as peats, in wliich 
phosphates are deficient. It is almost exclusively in th(' 
light of a turnip manure that bones hold their high 
place in agriculture. The mode of using superphos- 
phate of lime is either in solution or in compost. The 
former is the more eflectual method, hut it is attended 
with more expense and inconvenience ; hence the latter 
is the plan generally adopted. It k applied in drills 
with the seed. The quantity employed slioidd vary 
with the circumstances of tiic soil, and with the quality 
of the manure. About five hundredweight {)er acre is 
an average quantity. 

The remaining special maiiiu*c8 may bo regarded us 
divided into tlie nitrogenous, or tliose employed foi- 
their nitrogen; and the mineral, or those tiiken for 
the bases tliey contain. 

The nitrogenous manures of vegetal and animal 
nature, such as wool, horns, and the like, are slow in 
their action. They undergo decomposition very gra- 
dually in the soil, with the liberation of ammonia ; 
hence they are but of little value when an immediate 
effect is required, llecourse must then bo had to a salt 
of ammonia, or nitrate of potassa or soda. 

When the various points discussed in the preceding 
pages are borne in mind, it cannot but excite surprise 
to see, on the one hand, the loss sustained by old and 
long-known manures from utter unacquaintance with 
their really valuable ingredients; and, on the other, 
to notice bow many sources are at j>re8ent neglected, 
from which fertilizing agents, or special, 

might be obtained. The dire SUBwfy of augment- 
ing the production of tlio soil in proportion to the 
increase of the population, has. coropeljed practical 


r 
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agriculturists to call in the aid of science* ' The 
few years in which science and practice have been 
united have already effected the solution of many con- 
tradictory and crude opinions, based on blind empiri- 
cism, by showing wherein really connstod the value 
of manures, and the proper mode of ti'eating them, so 
as to’ obtain their maximum fertilizing effects, and 
by directing attention, on well-grounded principles, to 
many hitherto-neglected sources of manures. The old 
struggle still continues between blind practice and the 
now views. The energy of the numerous scientific 
men who now devote their talents to agricultural 
chemistry leads, however, to tiie hope that, in a few 
years more, the laws which govern the proper tillage 
of the ground will be more tlmroughly investigated and 
understood; agriculture will then take its stand as 
a more exact science than at present, and the cultiva- 
tion of crops can then be entered upon as an art with 
as much certainty as any other manulacture. 

Ahtifioial Manures. — Twenty-five years ago, 
when the manufacluro of spa and mineral waters 
began, they met with violent opposition from tlie mem- 
bers of tlm faculty, as being deprived of all the good 
qualities of the natural ones — as wanting, in a certain 
eoniditioy sine qua won— in a spiriiiis rectory or vital 
power, which alone gave them any medicinal qualities. 
Those times have passed now ; chemistry has demon- 
strated to a certainty what the constituents of those 
various waters are, and under what forms and com- 
pounds they are unitctl in tliem. It has succeeded in 
combining them exactly in the same proportions, and 
in rendering them not only equal to tlio natural ones, 
but even more effective. Physicians now connect cer- 
tain effects on the human body with certain elements 
in the waters, and are enabled, by the light of science, 
to add more of this clement, or more of that ; nay, to 
apply, instead of the waters themselves, the one active 
element alone, ns is, for instance, the case with iodine 
in indurations and struma. It is well known that at 
this moment there are extensive manufactories of 
mineral watem in England, at Berlin, at Dresden, at 
Vienna, et cetera. The mineral waters which are 
manufactured by tlie Messrs. Ellis at Kuthiii, in North 
Wales, and by a few other firms, are in every respect 
equal, if not superior, to tlie natural ones. Now, 
the Editor believes that tlio same principle may be 
applied, partially at least, to the use of manufactured 
manures ; and, in fact, this is proved by the success that 
has attended the application of severaL To dwell at large 
upon atl the artificial manures that are now manufac- 
tured in huadre<ls and thousands of tons annually, would 
occupy more space than is at tlie Editor's command; 
he will, therefore, only append the analyses of those 
which have Come under his immediate notice, and 
which have been eageriy sought after by the agri- 
culturist. The recipes may be improved, no doubt, 
still the manufacturers of artificial manures may profit 
by studying the various per oentages of the different 
constituents in each. Three of the best have been 
seleeted out ofj|||||gglimerous samples that have been 
analysed by thosHbr. No. t is a manure manufac- 
tured by Messrs. Knight and Company, Widnes, near < 
Warrington, an inspection’ of whose works will prove 


iiitercsting to the agriculturist. No. 2 is made by the 
British Patent Manure Company in Manchester ; and 
No. 3 is produced at the Euucom Bone Works. Most 
satisfactory results have been obtained wherever the 
composts have had a fair trial : — 


Water, . , . i 

Sulphate of ammonia 

1. 

24-00 

2. 

. 12-07 

8. 

. 20-00 

10-84 

. 15-97 

. 14-85 

PhoMphate of lime and magnesia, . 

135-50 

. 16*84 

. 24-07 

Biphosphate of lime, 

Sulphate of lime, 

. 10-11 

, 6-81 

^ 91G 

. 5-40’, 

, 7-20 

Sulphate of magnesia, 

Alkaline chlorides, 

— 

. 6-72 



1-08 

. 4-12 , 

-54 

Silicate of potassa, 

— 

. 5-47 . 

, — 

"Nitrogenous organic matir.r , . . , 

1-40 

. 13-29 . 

. 20-31 

Insoluble matter, tt cetera, 

18-02 

. 10-01 . 

. 6-22 


100-00 

100-00 

100-00 


[ In concluding this article, the Editor foels great ploa- 
I sure in expressing his thanks to his talented friend, 
Dr. Blytii of the Queen’s College, Cork, for much 
I valuable matter that he has supplied during its com- 
I pilatiou. The Editor could not have had a more com- 
petent contributor, for Professor Blytii was for many 
years the agricultural cliemist at the college of Ciren- 
cester, where daily, under his inspection, were carried 
out experimental researches on the different kinds of 
I manures. 

I MEBCITBY. — Mercarcy French; Quecicsilbery Ger- 
man ; Hydrargyruniy Latin. — Mercury is a substance 
which has only of late been raised to the dignity of a 
metal, notwithstanding its l>eing known long before tlio 
Christian era, and extensively ex|)crimcntod upon, 
more especially whilst the powerful idea of transmuta- 
tion, and of tlie eUtcir vitWy possessed the minds of the 
first chemical students — the alchemists, • Its charac- 
teristics arc very marked, and in one respect different 
from any other known metal, namely, its fliiidity 
at all ordinary temperatures. It was this jjropefty, 
coni)led with its silvery whiteness and metallic lustre*, 
which determined its other popular name, quicksilver. 
Though it is not spoken of in the ancient scripturai 
writings, still Thomson in his History of Chemistry^ 
states, that its discovery must have preceded tlie ear- 
liest historical records. It was common in the time of 
Moses ; for, according to Dr. Herueut, the Egyptian 
magi employed it in their so called enchantmentsy whei: 
every man cast down his rod and it became a serpent. 
Aristotle relates, that Da-idalus gave motion to a 
wooden Venus, by means of a current of mercury, 
Dioscorides describes a method for its reduction fi om 
cinnabar, or miniumy as it was then designated, and 
which is remarkable as being the first record of a 
process that led to distillation. The metal in those 
times was employed in gilding, much in tlie same ■way 
as at present, and the minium or cinnabar had its 
application in painting and decoration. Pliny men- 
tions that Callias, an Athenian, was acquainted with 
the preparation of the mercuric sulphide. The Greeks 
converted considerable quantities of the latter compound 
to this use, and were ui the habit of drawing their sup- 
ply from Spain, the mines of which were known and 
worked seven hundred years before the Ohristian era. 
In latter times the virtues of the sulphide as a medicine 
was established, iind this, as well as the metal, was exten- 
sively adminisfc^ed by the professors of the heeding art. 
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Diosgobides, who cites some of the properties of the 
metal, had, it is evident, but an imperfect knowledge 
of it ; for he states, that it could be retained in vessels 
of glass, tin, load, or silver — an assertion which is now 
well known to be untrue, especially with regard to the 
metals that ho named. Puny also seems undecided 
as to its true nature, since evidently he thought that 
there was some radical difference between the mercury 
which yras found in the virgin state and that obtained 
by the manufacture of the time. The former was 
known as quicksilver — argentum-vlvum — and the latter 
as mercury — hydrargyrum. This doubt lurked in the 
minds of even the learned alchemists and philosophers 
till towards the close of the seventeenth centm-y, 
when both kinds were submitted to numerous distilla- 
tions — as in the case of Boerhaave, who distilled the 
same portion of mercury successively five hundred times, 
and the products were found to coincide in weight and 
all the tlien known properties. Still, at this period, 
owing to its fluidity especially, it was regarded as an 
imperfect or semi-metal, containing a principle regarded 
as pure vitrifiable earth — the silica of modern time. 
The fact of this terrestrial principle conferring solidity 
upon such bodies as contain it in abundance, being 
directly opposed to the fluid condition of mercury, 
induced Becchek, an investigator of the first half of 
the seventeenth century, to admit the existence of 
another principle, a mercurial earthy which was sup- 
posed to possess weight and volatility to a very great 
degree. Tliis chemist regarded quicksilver as a com- 
pound of three substances — ^namely, the vitrifiable, tlie 
inflammable or phlogistonic, and the mercurial. He 
was supported in his views by Stahl and other learned 
serai-alchemists, till by the introduction of a course of 
experimental research and deductions, the nature of 
libdics came to bo regarded in a simpler but tiiier light, 
which overthrew the hypothetical obscurity that per- 
vaded all chemistry up tfil that time. 

The knowledge that it could be solidified, acquired by 
the acfiwlemicians of Petersburg in 1759, was the first 
means to rei^ovc the notion of its semi-melalJic nature, 
and inquiries to which the announcement of the fact 
gave rise in the hands of Pallas, Hutchins, Bieker, 
Blagden, and several others, led the way to its recog- 
nition as a true metal, and elementary body. 

Preparation. — Several methods are known for the 
production of mercury from its saline combinations, 
many of which are practised on the large scale, and 
will consequently be described when treating of its 
smelting, but as these do not yield a pure metal, refer- 
ence will bo here made only to the metliods that are 
calculated to afford such a product. 

The mercury of commerce, which usually is contami- 
nated with variable portions of lead, tin, and bismutli, 
may be distilled with one-tenth of its weight of cinna- 
bar ; and provided the distillation bo carefully effected, 
the foreign impurities will be found in the retort, in the 
form of sulphides, after the pure mercury has passed 
over into the receiver. A purer product is, however, 
obtained when carefully prepared cinnabar or corra|ive 
sublimate — chloride of mwsiy^tliat has been'' <|i||^^ 
tioiisly sublimed, is disdlliMf lyith one part of 
lime or iron filings. The principal part of the impu- 


rities is removed in the formation and mblimation of 
the sulphide or chloride taken, and the last traces ate 
retained^ with Jhe sulphide of calcium, or iron, generated 
in the second part of the process. Sometimes agitation 
witli concentrated nitric or sulphuric acids has the 
effect of rendering mercury much purer, but, in any case, 
can the product obtained by the process ^scril^ be 
excelled. To ascei-tain its purity, it is only necessary 
to dissolve a portion in an excess of nitric acid, evapor- 
ate the solution, and beat the dry salt to redness; or fuse 
Bio metal with pure sulphur, and sublime the product 
in a glass mattrass; in eiBier case noBiing should remain 
if the metal be pure, but if a residue appear, the im- 
purities are proportionate to its weight. Observation 
has led to tlie adoption of a simpler, but less reliable 
test than the above; it is this, that pure mercury when 
dropped upon a smooth, but slightly-inclined surface, 
breaks up into drops which retain the spherical form, 
but if contaminated with tin, lead, or such adulterants 
or impurities, the form of tim globules will appear 
elongated, so as to present or leave a tail. 

Properties. — Mwcury is a metal that possesses Bio 
metallic lustre in a higli degree, and exhibits a silvery 
whiteness. It is fluid at all temperatures between 
39'5° Fahr., and its boiling point, which is variously 
estimated by different experimenters, as ranging be- 
tween 054 8'’ CiiRiCMiTON; and 680° Dulong and 
Petit — Dalton estimating it at 6G()'2'’ ; and Hein- 
rich at 672’8°. At minus 40° it solidifies, and while 
in this state permits of being beaten out under the 
hammer, welded, et ccteray like other metals. When 
the refrigeration is effected by means of solid carbonic 
acid and ether in a dish, and if the yet unsolidified por- 
tion be poured off, the metal adhering to the walls of the 
vessel will present well defined octahedral crystals. Its 
density varies with the degree of temperature more 
than any other metal, owing to tlio freedom with whicli 
it eximnds. Schulze found it in the solid state to 1)0 
Begnault cstirnatct^ the gravity at — 40° to 
be 14‘4, hut if it could bo compressed by hammering, 
the number would doubtless bo higlier. At 39 '2° Kopp 
estimated its gravity at 13-594 ; Kupffek at 13*588, 
and 13-535 at 78-8°; at the latter degree the number 
arrived at by Cavknuisii and Buisson was 13*568; by 
Fahrenheit 13*757. Kaurten determined its density 
at the ordinary temperature to bo 13*559. Various 
researches show that this metal evaporates at common 
temperatures, as well in contact with air as in vacuo. 
This may be proved by suspending gold leaf in a flask 
containing some of the metal, when, after a few weeks, 
the lower portion of the leaf will appear amalgamated. 
Karsten asserts that at 32° mercury gives off as much 
vapor as to devoloj) the imago on a daguerreotype plate 
held over it at a convenient distance. Brame affirms 
that sulphur in a finely-divided condition, as when 
precipitated from a state of vapor, is much more delicate 
than gold leaf. By its aid he found that at 53*6°, the 
tension of the vapiOjr rises to the height of three feet, 
and even higher than this; but, 
d of the known teste zb ^a^tzaWW ite 
tioD. This investigator is that ' 

and vapor of sulphur, the vapor of 'mercury diffuses 
iteelf according to the law which governs other gases. 
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The specific gravity of the vapor of mercury was found 
by Dumas to be 6*976, and by Mitschkblicii 7*03^ 
the latter number being tliat arrived at by theory. The 
property of expansion which mercury possesses, and the 
long range of temperature through which it exhibits this 
property. with remarkable regularity, render it pecu- 
liarly adapted to the wants of the philosopher for 
determining the sensible heat of bodies. Repeated 
experiments have shown, that between 32^ and 21 2°*, 
the increase of bulk which it acquires, by the acquisition 
of equal increments of heat, is extremely regular, and 
corresponds to 0*00011 of its bulk at 32°, according to 
the experiments of Dalton, Between 38° below zero— 
the lowest degree of temperature that can be safely esti- 
mated by the mercurial tliermometer — and -j- 32°, the 
freezing point of water, the gradation is not so regular, 
although tlie difference is so trifling as to be disre- 
garded in most applicatious ; but between 212° and 
662°, it has boon found to pass from the regular expan- 
sion observed between the limits of the freezing and 
boiling points of water, and to increase in this respect 
as the heat becomes more elevated. The annexed 
table exhibits the ratio of expansion of mercury be- 
tween 32° and 212°, as determined by the investigators 
mentioned : — 

*0200 * ...Dalton, 


•01887 . 
•01848 . . 
•01818 
•01801 . 
*01 800 . . 
•01781 ... 
■ 01 ( 50 r > . . . 
• 0181,53 . 


. .Cavendish. 

, .Lavoinier and Lajilace. 
. .IlallKtroin. 

. . . 8hucl)hurgh. 

. . .Diilong and Pelit. 

. . . Deliic, 

. . Hoy. 

. .Militzer and Hcgitanlt. 


The following numbers, arrived at by Du LONG and 
Petit, show tbo variable and increased expansion of 
mercury above air by equal increments of beat : — 

COMPAKATIVE EXPANSION OF AIR ANI> MKROUEY BY THE 
SAME INCREMENTS OF HEAT. 



1 Dulong ami Petit. 

Rutlherg. 


Air 

Mercury 

Air 

Moreiuy 


0* 

.... 0- .... 

... — 35-06 . . . 

~~ 30- 


100- 

.... 100-0 .... 

0- ... 

0- 


150* 

.... 151-3 . .. 

. . . -f 50-04 .... 

-f 50- 


200- 

.... 204*6 ... 

. . . 100- 

100- 


2.50* 

.... 255-1 .... 

... 108-81 .. 

200. 


300- 

.. .. 314-15 . . .. 

... 204-73 .... 

300- 


3r>o- 

. . . . 360-00 

— 

— 


Mercury is not acted upon when exposed to air, oxygen, 
nitrogen, nitrous or nitric oxide, or carbonic acid gases. 
On the contrary, if shaken with water, ether, oil of 
turpentine, or fatty unctuous matters, it loses its metallic 
appearance, and is converted into a grey mthiope per 
in which the metal is not altered but deadened — that is, 
reduced to minute and isolated globules by the inter- 
posed stratum of the compounded matter. Ordinary 
mercurial ointments retain the metal in this state, but 
80 finely divided as to render its detection by the 
unaided sight impossible. When pige it is tasteless 
and inodoifOUB, although a pecuiy^ odor has been 
observed 1111^^ i^hon rubbed between the fingers, 
iRlMed upSrffi^ H i^ot wet them like oftier 
liijttids, but ilowV'oIrlKdrops, except iu tlie case of the 
metals witli which it forma amalgams, On this account it 
it is designated, -sometimes; in old writings, aqaa nm 


madefUciem manve — ^Water tliat does not wel the hands. 
Kept at n temperature approaching ebullition in contact 
with air, it suffers oxidation slowly. Water is not 
decomposed by it. Tlie nitrous, nitric, iodic, chloric 
acids, et ceteraj easily oxidise it without the aid of heat; 
j sulphuric acid, when diluted, has no action upon the 
I metal, even when aided by heat, but concentrated acid, 
at a high temperature, readily converts it into a proto- 
sulphate, sulphurous acid being eliminated. With 
selenium, sulphur, phosphorus, chlorine, bromine, and 
iodine, it unites witli facility, giving rise to the haloid 
mercurial compounds of those radicals. It quickly 
combines with the noble metals — also with tin, lead, 
bismuth, zinc, and most of the soft metals, giving rise 
to amalgams which often possess particular interest. 
This is the case, more especially in a manufacturing 
sense, with the amalgams it constitutes with gold, silver, 
platinum, as they are available in the smelting or 
abstraction of these metals from the gangue in which 
they may be distributed. Indeed, a chief portion of the 
mercury annually extracted is devoted to this special 
application, so that a distinct relation between the 
yearly production of gold and mercury may be traced. 
Besides this application it has many oUiers, such os 
gilding, plating, and the like. Many of its compounds 
are valuable in other branches of art, such as medicine, 
painting, et cetera^ but more particularly in the former, 
where its administration is very varied and frequent. 
The metal is likewise very advantageous to the anato- 
mist, who employs it as an injection, either alone or in 
the form of Vermillion suspended in size. There are 
many other instances of its application, but not being 
very general, they will not bo further dwelt upon. 

Atomic Weiffht . — Before proceeding to notice the 
ores of mercury and the processes by which the me^ 
is obtained from them, it may be mentioned thatmlich 
difference of opinion has existed respecting the atomic 
weight of this element. The mercurial oxides are two 
in number — the prey and the red ; aiid it is from the 
' different view clicmists have taken of the constitution 
of these bodies tliat 100 and 200, or a meat approxi- 
mation, have been respectively proposed \s tlie equi- 
valent of mercury. The composition of tiese bodies, 
denominated mcrcurious and mercuric oxides, is thus 
ceiitesimally expressed : — 


Mercury, . 
Oxygen, . . 


Oroy Oildi*, 

. . . 9()*16 . 
... 3-85 . 


Red Oxide*. 

. ... 92*.59 
. . . . 7-41 


Now, if the grey ho assumed to bo the protoxide^ 
then the value of an equivalent of mercury capable of 
saturating a full equivalent of oxygen, which is repre- 
sented by 8, will be 199.8, or nearly 200; whilst, on 
the other hand, assuming this oxide to bo the suboxide, 
and, halving that number, it will be represented by two 
equivalents of metal, and one of oxygen. Taking the 
equivalent of the metal, then, at 100, the atomic con- 
stitution of these oxides is thus represented ; — 

A* Oivy o*IiI«. oatHlv, 

Mercury, 300 ^ 1 Eq, Mercury, .... 100 

IftEq. Oxygen....... 8^^.- 1 Eq. Oxygen, .... 8 

1 Kq. Grey Suboxide, 208 l' £q. Bqa Pnotosdde, 108 


—an 


MEKCURY— “M>keb oe Mebcuet. 


ms 


' . The chemical aymbol of the metal is taken from its 
I Latin name, and is written Hg. 

Berzeuus, Erdmann, Marchand, Gmelin, Beg- 
I NAtTi^T, Thomson, Graham, and many other chemists, 
have adopted 100 or something near it as the true 
atomic weight, and the preference is further justified 
by tho fi9U3t, that though both oxides are salifiable, yet 
the grey is very unstable, and unlike a true protoxide 
in its characters, wliilst the red is eminently persistent 
and basic ; indeed, according to Brande, it almost 
approaches to alkalinity. Bosides, the evidence ad- 
duced irom the connection of the atomic heat of the 
metal with its atomic weight is decidedly favorable to 
j that number which expresses tlie grey as a and 
tho red as a ^ofoxide. The experiments of Stran- 
BERG, published in the Memoirs of the Academy of 
Stockholm for 1845, go to prove that tho atomic weight 
of mercury cannot be less than 99*90. 

1 Ores of Mercury. — T he minerals into the compo- 
sition of which mercury enters, are by no means numer- 
ous, and fisw of them are important. The metal itself 
oceurB native in the form of fluid globules scattered 
through its ganguo. The quicksilver mines of Almaden 
! in Spain, of Idria in Comiola, of Wolfstoin and Mors- 
I field in die Palatinate of Rosena in Hungary, and Sala 
1 in Sweden, supply specimens of the virgin metal, which 
j was said at one time to fetch a higher price than that 
obtained by reduction. In some places native mercury 
is so plentifuny dispersed through its ores, that when an 
opening is made it escapes, and trickling out, collects in 
considerable quantities at the bottoms of the levels. 

I A native amalgam of silver, amorphous anti crystal- 
I Used, is also met with. Not unfrequently this mineral 
J ooGutE in tlie form of fiattoned plates. A specimen, 
S jBjd to be from Peru, tlie specific gravity of which Dr. 

; determined, did not exceed 13*995, but usually 

it is From the average of the analyses of three 

i specimens e&mined some years ago by the same che- 
mist, along with the analysis of other specimens by 
Klaproth and Cordier, it consists ccntesimally of— 

Dft1z«n. Klapmth, Oordlerl 

Mercttri', 56-1 64- 72-5 

Silver, 43-9 36* 27*5 

1000 100* 1000 


That the composition of this minerai should vary 
considerably doers not seem surprising, sinee it has 
been proved that mercury evaporates from naercurial 
ointment and amalgams. an argoifi^aas 

amalgam of great value, is found in consideralde En- 
tity in the province of Q^quimbo in Chili. It contaiha 
13*5 parts of mercury, and as much as 88*5 per cent, 
of trilver. Indeed, this irone of the chief ores of silver 
in tho rich mines of Arguiros. An amalgam of gold, 
analysed by Schneider, and which occurred along 
with platinum ore from Columbia, contained mercuiy 
67*40, gold 38*39, and silver 6*0. Native amalgams 
of load,* containing selenium, have been analysed by 
Bosfi. 

Horn quicksilver— subcbloride of mercury, or native 
calomel — is found associated with tho other ores of 
quicksilver at Idria, at Deux-Ponts, in Sfyain, and else- 
where. It is a yellowish or ash-grey mineral, sectile, 
and Bubtranslucent. Sometimes it occurs as a crust, 
or forms granular concretions. At other times it crys- 
tallises in four-sided prisms. Its specific gravity is 
6*482, whilst that of the powdered calomel of the shops 
is 7*14, and that of the crystoUizod factitious sobchloride 
is 7*2. 

Iodides, bromides, and soleiiidesof mercury also occur, 
but rarely. The iodide has been met with in Mexico, 
associated with the selenido. A specimen of tho 
bromide Dr. Dalzell found to contain, besides bro- 
mine, traces of iodine, selenium, and sulphur. Hos]^ 
has described the solenide as composed of selenium 
6*49, sulphur 10*30, and mercury 81*33. 

Tho piincipal ore of mercury is the sulphide — tho 
minnoher of the Germans and mmium of Pliny. ITic 
color of native cinnabar varies from coohmoal red to 
brownish-red and leaden grey. The streak is scarlet, 
and the lustre usually adamantine. The density of tJiis 
mineral is 8*098, and when pure it contains 8C*29 parts 
of mercury with 13*71 of sulphur. Specimens of the 
purest ore have, occasionally, all the richness of hue 
which the best vermilion presents. 

The following table shows the composition of 
cinnabar from various quarters of tho world, tlie 
amount of the constituents being centesimally ex- 
jnessed : — 


Uercuo' 6uli>Iiyr. mtninouA flnafrorj 
fiinUero 


W ntor Carbon, 


Aluiniiji*. Iron Toppfr Umo Mugnoitin 


Japan, 84'60 14*75 — — — 


„ 79*30 

irria, 51*80 

&,}::«■« 

Nftiimarktel, . 85*00 


U'.'jO 
8*20 

13*75 
14*2.5 

Wolfsteiu,... 18*00 — 


6*80 32*0 


3*20 

0*73 


2*30 


5'67 
0*G5 0*55 


0*20 — 


73.31 _ 


Alxnadea, . 


CalifomiA, ... 69' 


37*84 1C*22 
37*75 16-22' 
86*94 15*97 
41^79 16*72 
11*38 
70*13 11*21 
70*23 11-21 


85*12 

35-12 

42*79 

41*40 

14*30 0*61 

14.62 Or, 61 
14*# , 


TutnL 

— — 99*26 Klaproth. 

0*63 — 100*10 Dalzell. 

— 102*00 Lebererz. 

— — 99*00 Klaproth, 

— - ~ 99*26 

91*31 Bealey. 

13 


72*00 12*80 


Geologically, the ores of mercury ooctir „ 

tifieddepomts. ThC yojMi|||gr o^e 

for its not met ,wOT in any large ^qftantity , in 



- 89*11 


0-49 
0*49 
• 0*49 


98*23 Dakell. 
100*00 ♦, 

98*77 Bealey# 
99*59 „ 

99.59 „ 


crystalfine or ignooafts rocks. Tfatrs, it is found most 
abundimtly in i&e independent coal foimatiqn, and in 
beds lying between primitive argillaceous schistus ond"^ 






this i^elebrated 
to ths tnatixifactqfe of ]&; 

those known siA 
ffmn&ey and pof^ph^; 
1 the partioulat composition of iheit 
ij|p C^blO of rechiving the most e^cqiddte 
of doHcacy in their manipulation, 
tivai&^in beauty of form and chasteness of outline 
tbo art productions of the ancients. 

One of the most remarkable of those bodies is the 
jasper or onpXf which presents to the eye a white 
biscuit of a porcellaneous nature, and which has the 
property of receiving, thi^ough its entire mass, by the 
admixture of metallic oxides, the same colors that 
those oxides would impart to glass or enamel in a state 
of fusion. This property, peculiar to itself, renders it 
applicable in a manner no less pleasing than extra- 
ordinary to the production o.f carneoSy portraitSy vdseSy 
and all subjects which require to bo shown in relief, 
the ground being made of one color, while the raised 
figures are of the purest, most delicate white. 

The composition of this jasper or onyx body may be 
given as folloAvs, the blue color being imparted by the 
admixture of oxide of cohalt, in proportions varying 
from one-third of a part to one jwirt per cent., or 
more, according to the depth of tint required ; — 

W iilte Jasper hodtM. II. III. IV V VI 

Sttlphftte of barytes, . ir>0 40 SO .'"jO 32 KiO 



11. 

111. 

IV 

V 

VI 

ir>o 

40 

30 

.50 

32 

100 

33 

— 


15 

10 

1)0 

45 

20 

12 

35 

25 

00 

35 

— 

3 

10 

8 

40 

e 


... 

— 

1 

8 

50 

20 

20 

— 

7 

— 

— 

— 

— 

25 

— 
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The proportion of stain being ono part of cobalt to 
from fifty to seventy-five parts of the body, according 
to the depth of color required. The various other 
colored jast)cr8 are obtained by the addition of other 
oxicles to the several white bodies, 

Tho ffreeri jasper is obtained by the admixture of 
the oxide of chromium. 

This jasper body resembles so nearly bi appearance 
the glasty vitreous substance of the ancient gems, that 
it has become celebrated throughout tlio world for the 
beautiful imitations of medallions, cameos, and vases 
it is capable of producing. It constitutes also the dark- 
blue ground, witli its gom-liko surface, of Wedo- 
jkjod’s copy of the Portland vase, a sepulchral unj 
of great antiquity, discovered in the neighborhood of 
Home between tiie years 1623 and 1044. The care- 
ful investigation of this gem of art has pronounced the 
body of the vase tp be formed of a transparent glassy 
structure of a deep amethyslinc hue, but which, when 
^viewed by reflection, appears black and opaque, while 
tho rauied figures on its surface are while glass, of a suf- 
fioimtly transparent nature to admit of the blue color of 
the ground tinting tlieir form through tho thinner parts, 
while the thick possess sulficient opacity to appear of a 
pure white. THe examination both of the gi^ound and 
bas-roUefs lead to tlie Sfilief tliat the blue body of the 
vase when formed, and still rod-hot, was coated all over 
as far as the bas-reliefs were intended to reach with Hie 
wlnte glass, and the handles applied afterwards while 
in the same red-hot condito'^ft fact demonstrated by 
vou u. 


ftp tormtion of a layer of to 

the itifpdy 'of the'' vase and the the'« ‘ 

haindl^i the upper portions behsig -in 

tho rose itself, figures seem w 

duoed by a subsequent catting awty ^ .to 

coating down to tho Uue ground^ after to pai^ 

real cameos# : v/ 

! The extent to which the manufacture of isnitovo 
I ancient gems was carried in to Wedgwood Jasper 
was enormous, and is again oonsiikmhly to 
increase at the present timei to 0 X%kial pt&ty Ond 
other pristine qualities being revived at Etruxia, to 
seat of tlie manufacture, by the energies of lir. 

FREY Webowood, the eldest son of to present 
CIS Wedgwood, the descendant of the great JosUH 
Wedgwood, l^is, from the re-discoveiy, as it were, 
of the fiiut jasper body, together with to possession of 
all to original models and moulds designed by FitAX^' 
MAN and others, renders it more than probable tot 
ware will again attain the high standing of former years, 
and that tho mantle of the great Wedgwood will once 
more descend amongst his own people. 

^Manufacture, — In wares of this description to 
mass is frequently white, and only covered on to sur- 
fixco with a thin colored coating of the same body, the 
shrinking properties of the mass not being essentially 
aflccted by tlitc addition of small quantities of the 
metallic oxides. Tho mass, after formation upon the 
throwing wheel m tlie usual manner, receives when 
sufTicicntly hardeiuxl tho proper outliiie upon the lathe ; 
and if a vase or other similar shape, such rims or fillets 
are turned as are intended to appear white upon to dark 
ground in tlie after manipulations. The piece is then 
taken into the dipping-room, where it is immersed in 
a tub containing the colored slip of a consistency 
ai)i)roaching thick cream, and receives a tfiin even film 
over its whole surface. It is then allowed to harden 
until it is Buflicicntly firm to admit of being placed a 
second time upon tlio latlie, when a burnisher is run 
over it to give iiiiiforraity and emootlmess to tho sur- 
face ; tlic blue thp, at the same time, being tunied off, 
and exposing those portions intended to appear white, 
such as mouldings, lines, et ccteray produoeable on the 
lathe. 

Tho piece is then taken to the decorator y who affixes ^ 
tlio various ornamentations intended to complete th^ 
design. Taking the vase in one liand, he with a srn^l 
hair pencil moistens with water tliat portion of^^e 
surface intended to receive the pattern, which is apxod 
in its proper position by a very gentle pressure of iihe 
finger and tho aid of a damp sponge ; each separate 
oniament being added in tliis manner, until tlio whole 
decoration is complete. The piece is then sent into 
tlie oven to bo fired in the usual way. 

The ornaments in relief are obtained, like an impres- 
sion from a seal, by pressure in a mould made of baked 
clay or plaster of Paris. The moulder sits at a bench 
wi^ a number of these small moulds before him, a 
lump of to plastic material forming tho body of to 
ware being placed at Ins side, and from which, by 
means of a small spatula, he separates pieces of 
clay, and rapidly fills or presses them into toee or 
foul' of tho moulds. Ibis done, he takes to one tot 
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JHMfTEBY ^flKE bTC^BWABE. 


ia: aud Bdth' smooth Sat enS of his tool 

btumidioB OYor the surface ctf ihe^moiddi rexiciovmg the 
saxpltss and caiising Ihe tikarp-^etittig edge of the 
die tp give a olean sharp outline to ^ impressed clay, 
vrluohi yielding slightly to the rubbing process by suc- 
tiouy/ieaves the mould, aUd is turned out on a slab fbr 
us© by the decomtor, who has to exercise considerable 
caro and deat^rity Id preserving the sharp outline of the 
relief in its applkaidoii to the ware. In the original 
Wbuowoop ihbrieatkHQfi, so much of the beauty of the 
piece depemdiug upon this particular, the outlines were 
sharpened and restored by modellers before the ware 
wa^^sent into the overi, producing such exquisite em- 
bellishments drat now, sixty-tivo years after bis death, 
connoisseurs are eager to purchase them at three times 
their original price. Those decorations, such as flowers, 
.ci cetera^ which are not capable of receiving their foim 


of domestic requirements, such as. tea-pots, mil?-jug8, 
ink-steids, eeterat ore moulded in the same style 
from thte mass. In composition it toay be g^en as 
follows: — 


BYmIi SgyptliM bodtot, ^ 

Blue clay,.., 200 

lied clay. -4^ 

Ochre calcfued,. 200 

Iron Bcalee — protoxide > ^ 
of iron, 

Mauganose, ©0 


830 200 

— 300 

800 100 


pressure in the mould, are modelled by hand sepa- 
-iJStely, and united afterwards piece by piece togedier. 
Tlie other bodies of WedowOOD, which in composition 
resemble agate, jasper, porphyry, and other variegated 
stones ol a vitresceut or crystalline fracture, are used 
largely in the formation of ornamental wares. These 
bodies are composed of various colored clays, placed in 
layers to represent when pressed togotlier tlie several 
stones they are intended to imitate, care being taken 
that they shhll not so amalgamate as to destroy the 
beauty of the imitation.* 

The Basalt or black Egyq>lian biscuit, so called from* 
its resembling basalt in appearance and color, forms 
tlie mass from whicli the most esteemed forms of an- 
cient Egyptian art are modelled, and which is enriolicd 
with bassi-relicvi both in red and white ; many articles 


of iron, j 

Manganoue, ©0 80 100 7© 40 100 

IM body*.teniHioU« w«n. 

Red marl very carcfuly Mfted, 10 parts. 

Common marl, 2 parts. 

witli the addition of ten per cent, of Cornish clay, if a 
light color is required. 

Ihe revival of painting upon vases and other similar 
articles in the manner of the ancient Etruscans, without 
the glossy appearance of ordinary painting upon porce- 
lain or earthenware — an art lost since the time of Pi4NY 
— ^is due to Mr. Wedgwood, who, after careful exami- 
nation of original Etruscan vases, finding it impossible 
to imitate the colors by enamels, demised other sub- 
stances, termed encaustic colors, producing an entirely 
different effect, and without any of the glossy lustre 
of the enamels in the firing. I’his discovery at once 
enabled successful iniitatioiis of tlie ancient vases to be 
made in all tlicir variations of light and shade, and of 
equal durability with tije enamels, without the defect of 
a vaniished or glassy surface. Encaustic colors are 
applied w^ith great ease and certainty, changing but 
little in tlic firing, and have no toiidjpcy to run or 
spread on the design. The composition for certain 
colors may be given as follows: — 


ENCAUSTIC COLOIIS, 


E^ptian blayk, 

While slip, 

Blue slip, 


WMti. 

Blue clay, 20 

China clay, 10 

Eljui 10 

Cornish stone, .... 5 


These clays, finely ground and brought to the consist- 
ency of thick slip, are painted upon the w^ares while in 
tlicir moist state, and before firing in the biscuit oven. 

It is ihipossiblc to conclude tliis notice of the jasper 
wares of. Josiah Wedgwood, without quoting some 
remarks up<m the manufacture of pottery wliich con- 
clude his catalogue— -dated and published in 1777 — 
Ttynarks peculiarly applicable to the manufactures and 
proiJuctions of tlic present day. He says : — 

A ccimpetition for cheapness, and not for excellence 
of workmanship, is the most frequent and certain cause 
of the rapid decay and entire destruction of arts and 
manufactures. 

The desire of filing much in a little time, without 
respect to the fifste or quality of the goods, leads manu- 
facturers and merchants to ruin the reputation of tlie 
articles which they make and deal in ; and whilst those 
who buy for the sake of a fallacious saving, prefer 
mediocrity to excellence, it will be impossible for them 
cither to improve or keep up the quality of their works. 

All works of art must liear a price in pi*oportion to 
the skill, the taste, the tiine, the expense, and the risk 
attending the invention and execution of them. Iliose 


Green. 

White slip, 12 

Bine slij), 1 

Nickel, 1 


White slip, 25 

Blue cobalt, 1 } 


pieces that, for tliese reasons, bear the highest price, 
and which those who are not accustomed to consider 
the real difficulty and expense of making fine things, 
are apt to call dear, are, when justly estimated, the 
cheapest articles that can be purchased, and such are 
generally attended with much less profit to the artist 
than those that everybody calls cheap. 

Beautiful forms and compositions are not to bo made 
by chance, and they never were made, nor can be 
made in any kind, at a small expense, — Wedgwood. 

Fine stoneware in general is never glazed, though 
at times a glaze is produced spontaneously with the 
firing by a process called smearing, the inner surface 
of the Beggars being coated with a glaze composed of— 

PHY 8MEABS OB GLAZE FOR FINE WHITE trOKEWABE. 

No. 1. 

Lead, © 

Etone, 8 

Salt,.. 3 






'':v/ 


JtL 


l^.. :■ 
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POTTBBY i^PiSE STOMV^lsfe, 


m 


Lead,.. 

^ton^,. 

Salt,.. 

riint,. 


1-1.1, . a . 1 * 1 1. 

.!!SOf %'s’ 

I • (*'+.llrtt» t 4 ,. 4 « < 


1 

2 




No. 4, 


Glaae, 4 

Salt, 1 

Pota8Bo,...H. J 

No. 5. 

Calcined jbonos, 3 

Oomjqpo tmlt, 1 

No. 6. ‘ ♦ 

Bouee, 5 

Salt, 3 

No. 7. 

FlMt, 10 

Bonea, . 5 

Salt 5, 

Nitre, 3 


WASH SMKAUS. 

No. 8. 

Lime at twenty fnnr ounces, 3 quarts. 

Slip at twout;;^bur ounces, 2 quarts. 

Nitre, 1 pound. 

The ingredients dissolved in hot water, and the seggars 
washed inside with the mixture. 

This in part becoming volatilized during the firing, a 
poitioii of the alkali and oxide of lead is absorbed by 
the surface of llie ware, forming a thin layer of glaze, 
both the surfaces containing silica appropriating a fair 
proportion of tho vitrifuvble bases. Sometimes a glaze 
containing a large quantity of lead or borax, is applied 
by the process described under Porcelain to either 
both or only one surface of the ware. When pigments 
are mixed witli tho glaze, colors — as is the case with 
yellow — are communicated to the ware which could not 
otherwise be produced. The firing of this kind of 
ware takes place in seggars, in furnaces of similar 


defteriptioB ae those de8cribi»d und^r and 

often H the sake lime as wares &al d^^rii^ion, 
being plaoed in those portiona 1 ^ the Icto ^hearo the 
temperature Sa highest vv 

VaffM 0 d 0(04 Lima Fars,r^Other Idri# of wares 
mami&ctured in Germany at Fima and Saa^^gwi|ndt^ 
and recently brought into extenfdve cireulaliosi for 
ornamental purposes, may be classed tmdpr fipe stone-^ 
wares, and possess a mass exhibiting a , striking reSem** 
blance to porphyry or jasper, and qapaWe of receiving 
the most delicate and refined forms in manipulation. 
Hie ware manufactured by UTZscHNsirnsR at 6aArge<^ 
raUndt exhibits several peouliaxities — the contradtion 
in tho firing amounting to twenty per cent., while the 
mass is composed of three local varieties of clay, partly 
ferruginous, and quartz. The body, whiqh is not 
glazed, but ground after firing with emery and poUshed is 1 
with tripoly, requires the same precautions in the 
manufacture as that described under Fine Stonmare. 
The ware manufactured at Pirna on the Kibe has like- 
wise a colored body, the chrome green and black 
masses being without glaze and dull ; while tlie ochrC- 
yellow mass of other varieties is often concealed by a 
coating of very brilliant varnish color, very difibrent 
to potters’ pigments, from its soft nature, fatty lustre, 
and easy destructibility* in tlie lire, being, in fact, an 
oil paint. This varnish is laid on very smoothly and 
with great care, to preserve the outlines of tho orna- 
ments in relief, and afterwards when dry covered with 
a thin coating of copal vaniish. It is secure from 
injury by hot water, but neither withstands abrasion 
by the knife, or use over the fire. Fine stoneware, as 
a general rule, does not stand well against heat or 
sudden changes of temperature. 

The relative values of plastic clay fqr the manufac- 
ture of fine and common stoneware, with and without 
glaze may bo hero given — 


STONEWARE GT^AZED. 


Flaw. 

BIIICA. 

AlumlfiA 

Oxido of 
iron. 

Lime. 

MotfuetlA. 

Alkali 

1 Xoxf 

Parti. 

Doscription. 

St. Ainaiid,. . . . 

75-00 

22-10 

1-00 

0-25 

traces 

0-84 

0-81 

100-00 

Coruri^ioii body, earthy gbuse. 

nt^lwnffborg, ... 

74-GO 

19-00 

4-25 

0-62 

traces 

1-30 

0-23 

100-00 

Coarse grcyisli body, ill moulded, 
gla/od with salt. 

Fine whitish body, well moulded, 
salt glaze. 

Fine whitish body, welt moulded, 
with a porous external surface, 
salt glazed. 

Voisiiilivu, 

74-30 

19 50 

3-90 

0-50 

0-80 

0-50 

0-.50 

100-00 

Vttuxhall, 

74-00 

27-04^ 

2-00 

O-GO 

0-17 

1-OG 

0-13 

100-00 

Freriien, 

64-01 

24-50 

8-50 

0-56 

0-92 

1-42 

0-09 

100-00 

Dark brown body, fine, well 
moulded, covered with an eortliy 
glaze. 


STONEWAHB UNGI^AZED. 


Plaoo, 

eiitoa, 

Alumina 

Oxldo of 
Iron. 

nine. 

Magneala. 

Alkali 

lx>li^ 

Pnrli, 

DoBcilptlon. k- 

Baltimore, 

67-40 

29-00 

2-00 

0-60 


0-60 

0-40 

‘100-00 

Very fine whitish body. 

Wedgwood, ... 

66-49 

20-00 

6-12 

1-04 

0-16 

0-20 

— - 

lOOdK) 

Very fine yollowisli body, very 
sonorous, well moulded. 

Saveigniofi, .... 

65-80 

27*64 

4-25 

1-12 

0-64 

0-24 

0-81 

100-00 

Clear brown body, coarse, very 
sonorous. 

Japan, 

62-04 

20-30 

15-68 

1-08 

traces 

traces 

1-00 

100-00 ' 

Very tine body, well moulded, qf a 
deep brown-red color. 

China, 

62-00 

22-00 

14-00 

0-50 

ti'Bces 

1-00 

0-50 

100-00 

Vey- fine body, well moulded, 
of ft deep brown-red color. 




POMEttV ORDrNARY StONEWAREit' 


Trom which it ft|)|)6ai8 that atouewares may be 

containing from seventy- 
fite per cent of £^lclc acid, and others of from sixty-two 
to silRty-^ per cent. Experiment further proves that 
an ex^sB of rilica in the bod^ is veiy favorable to the 
prodaction of a good glaee, 

Ordmarj^ i8itoneteafs*-K>ne of the character- 
istics of which, namely, the semi-fused state of 
the lOass, results from the much stronger heat 
of rile kiln, and not from the addition of flux. 

The cOmpodtion is more simple; only one 
addition being made to the plastic clay, which, 
having no tendency to shrink in the famace, 
prevents the clay from any very serious con- 
traction, the amount of which varies, as in the « 
finer stonewares, from eight to ten per cent 
As the plastic clays generally possess this 
property of contraction in a high degree, objects 
formed from them without this addition and 
tolerably thick in the sides, infallibly crack in 
the firing. 

The action of such additions has been deter- 
mined experimentally upon the plastic clay of Dreux 
mixed with — 

* Contractii, 

to per cent, ground fragnjcnts ofstoneware, In per cent. 

25 *» “ 5 “ 

to ** whole Baud firomAumont, ...... 18 

25 “ « “ 15 

50 ** “ ** 9 

10 “ « “ 17 “ 

25 *• '* “ . 15 ^ 

60 “ “ “ 12 “ 

Ko addition, clay in natural state, 10 to 11 

Ko addition, clay purified by suspension in 

water, 17 “ 

From which it appears that the plastic clay under 
experiment contained in its natural state an admixture 
of some substance that diminished its power of contrac- 
tion, and which was removed from it by decantation 
in water, increasing the contractile power. In the 
potteries a very important practice is adopted, that of 
combining together the several kinds of clay* found to 
produce the best result in the fire, both as regards the 
contraction, color, and refractory nature of the mass. 

In the manufacture of ordinary stoneware vessels, 
such as jars for preserves or pickles, miJk pans, et 
cetera^ the process of'dccanting the clay from water 
would be too costly, and the coarser impurities which 
might interfere with the formation of the ware, are 
therefore either removed by repeated kneadings and 
treading out of the mass by manual labor, or separated 
by passing the clay through the pug mill — see Eartltm- 
ware. 

The lew price at which these wares are purchased in 
the ^market necessitates the adoption of the most simple 
modes of fohningand manipulation ; they are generally, 
therefore, thrown upon the potter’s wheel, already 
described under Poredain, From the large dimen- 
sions of the vessels that sometimes require to be formed, 
increased facilities are given to the workman for pro- ! 
during gteatar petrfsteace in the rotatory motion of 
the wheel^ and uring l^ger plates or discs for the 
support of the mass. Th<^ arrangements are shown 
in Fig. 481l>. The cast-iron wheel, r a, is connected to 


' the hollow shad, a a, Carrying the head or disc of the 
I lathe by double spokes, s The top of the hollow 

shaft at a is 'fitted jvilh an Iron cup^ Into which tlie top 
bearing of the supporting axlo running tlirough the 
centre works, while the lower extremity of the hollow 


Fig. 4S4p. 



shafts, m m, being of iron, rests upon the conical support, 
h, of the axle. The wheel and shaft, therefore, turn 
with little friction, being suspended after the manner of 
a ship’s compas.*?. For the greater convenience of the 
workman, who sits at the bench, the surface of the 
di.se, n, is placed below his level. Impulse is given to 
the iron wheel by a pointed rod, the rotatory motion 
lasting long enough for one operation, and the high 
degree of plasticity in the mass being of great assistance. 
The help of an assistant to turn the wheel is therefore 
only required when a great amount of resistance has to 
be overcome. Vessels of a wide bulging shape and of 
moderate dimensions are first thrown in the form of a 
Ijollow cylinder of the intended height and width, the 
contraction being afterwards eftected by pressure against 
the mass in its revolution ; larger vessels of similar form 
are put together from two halves separately formed, 
the handles, et cetera^ which are made by hand, being 
simply pressed oTt to the mass. In the firing of common 
stoneware, horizontal kilns or furnaces aro used, in 
which the draught has a direction more or less parallel 
with the floor. It is only in kilns of this construction 
that the wares can be placed alongside of each other, 
instead of being piled up in columns or bungs. By 
such an arrangement of draught, however, the heat of 
the furnace is very irregularly distributed. All common 
stoneware in the firing is exposed directly to the action 
of the flame, tlie nature of the soriace not rendering 
the protection from dust and scratches by the use of 
Beggars necessary. 

The kiln — Fig. 484 q — is in getmral roughly con- 
structed, the grate, r, separating the ashpit, C, from the 
hearth, B. The portion of the kiln where tiie waxes are 
fired is shown at A, an elliptical arched dome, a a, 
covering the whole. The draught is regulated by a 
plate covering the aperture, the fire being supplied 
witli fuel through e. By this arrangement the flames 
carried by the draught pass through the apertures, », s, 
in the wall, 9/t ti», to the chamber ooutaining the wares, 
from which they enter the chimney, o, by the boles, n n. 
The wares are introduced into the kiln by doors v^ich 


rOTTERY ConM<)isf Stqnjbwaw— Salt-glaxib. 


are bricked up during the At Lambeth, near 

London, the kibe nmvimf a vertical character, are 
about ten feet in diameter ih the baking oiiamber, and 


Fig. 4S4a. 



eleven feet high to the centre of the crown ; they have 
five fire grates, each twelve inches wide and three feet 
long, containing five or six fire-bars, a bag or cliimncy 
flue about five feet high being placed opposite each 
fire. Fig. 484 r represents a section of one of these 

Fig. 484r. 



kilns: A is the baking ebamber; c the fire-grate; i> 
the aeh-pit; and f the bag or chimney, the wares being 
introduced by the opening, b, bricked up during firing. 
In the kilns used for common stoneware, tho smaller 
artides are placed at the bottom part of the kiln, 


B<luaro cells formed by placing stou^ dies uprijg^t 
in jbwsi, with others laid horiaonWlijr. 'i^^, &e top 
— the heavier and coarser portions w tvare 
being placed upon the Tfhese 
cells or boxes generally occupy one- 
half the height of the Idln.^ &reat 
care and expe^nce is re(}nired in 
tho management of the fires, as, if 
too little air is admitted, tho smoke 
and gas will bo imperfectly con- 
sumed, and the wares discolored; 
while, on the contrary, if air enters 
too freely the heat is not sufficiently 
intense to vitrify the clay. The heat 
of the furnace often attains 
Wedgwood, this ware requiring the 
most intense heat, after real porce- 
lain, of any kind of pottery. 

Ooramon stoneware, being suffi- 
ciently dense and vitreous in its ' 
mass to be impermeable, requires 
no glaze, but by a very cheap and 
simple process the dull surface is made smooth and 
lustrous. A natural glaze, or the waste from other 
branches of the manufacture, is used, ground to a fine 
powder, and sifted or |iprinklod over the moist ware in 
a thin stratum ; it is afterwards burnt on in the process 
of firing. Iron slag is generally 'Used for this purpose, 
(he large proportion of the oxides of iron and manganese 
wlikh it contains rendering it of easy fusion. 

Scilt-glaze, — The simple and old-fashioned salt- 
glaze is also of very general application. Its dis- 
covery, dating about the year 1680, is said to have 
been accidental, the tradition being that at Stanley 
farm at Bagnnll, about five miles East of Burslem, the 
servant of Mr. Joseph Yates was boiling a strong 
brine of salt, to bo used for curing pork ; during her 
temporary absence tho liquor boiled over the sides of 
the earthen vessel used for this purpose, and, becom- 
ing very hot, tho vessel on cooling had a glazed sur- 
face. A Mr. Palmer, who cariicd on a small pottery 
ahout a mile from the faim, availed himself of tho Jiint, 
and commenced a manufacture of ware glazed with 
cldoiide of sodium, which was readily procured from the 
salt wyches — MiJdlewich and Nortliwich in Cheshiro. 
Tho j rocoss of glazing with ssdt takes place towards 
the end of the firing, when salt is thrown into the kiln 
through particular apertures. The temperature of the 
kiln being considerably above a red heat, volatilizes the 
ohlojride into a vapor which, filling the chambei*, sur- 
rounds the wares, and causes a reaction to take place 
j with tlie silica of tho mass. These two substances, 

! silica and common salt, only act upon each other in 
the presence of aqueous vapor, and which is always 
present in the flamo of tho furnace. Witli the sodium 
of the cliloride, the oxygen of the water produces soda, 
which enters into combination with the silicic, while 
tlio hydrogen unites with the chlorine, and is evolved 
as hydrochloric acid—NaCl -|- HO = NaO + HCh 
Tho glaze is, therefore, a soda glass, and exists as a 
very thin coating upon the surface of the wares^ Clays 
which contain less than fifty per cent, silica are trithont 
action, and do not decompose salt. A brown color is 


cammunicated to the wares by throwing Jnto tiie fur- 
nace, duriilg the glazing process, substances which afford 
a large volume of smoke, such as the bark of the birch 
tree. 

Oommou stoneware generally varies in color h'om 
grey to bluiah-grev, yefioirtsh-red, brownish-red, and 
brown. • 

The manufacture of stoneware by moulding^ has 
recently been brought to great perfection, and most of 
the vessels used in chemical laboratories are formed in 
this manner, the smaller articles being remarkably thin 
and light* The larger vessels for chemical works, 
such as acid bottles, et cetera^ are sometimes of enor- 
mous dimensions, and constructed to contain from one 
hundred to three hundred gallons. The agreeable 
brown color of these vessels is produced by dipping 
them into water containing oxide of iron in suspension. 

The principal seats of the manufacture of common 
salt-glazed stoneware are at Glasgow, Lambeth, Bel- 
per, and Nottingham ; the other variety of common 
glazod stoneware being produced at Bristol and 
Chesterfield, while the fine stoneware manufacture is 
almost exclusively confined to the neighborhood of 
the Staffordshire potteries. On the Continent the 
manufacture is extensively carried on at several places, 
particularly at Buntzlau in Bfiosia, and at Vallendar, 
on the Rhin^ opposite Coblcntz, where two kinds of 
clay are worked — a blue clay for grey ware, and a 
yellow clay for red ware. At Buntzlau the wares are 
colored brown by immersion into a solution of%iarly 
clay after the manner of a glaze. 

Earthkn WAKE,— Under the term earthenware 
are embraced many varieties of pottery, wliicb in frac- 
ture have all an earthy appearance, are perfectly 
opaque, and are coated with a soft, easily fusible glaze, 


containing lead or bbrAx* But, notwithstanding they 
all posses^ these choracteristicsi t(he modifica^ons and 
varieties bf this ware are more ipumerous than those 
of any other kind. The several kinds of clay — plastic 
or pipe-olay, potters’ clay, and moi-l, to which quartz 
is Bometimos added;— enter into the composition of 
all earthenware. The absence of any real flux, and the 
circumstance of its being flred at a temperature which 
precludes the pattiiil (W entire fusion of any one of 
its constituents^ ^stiagnishes earthenware from porce- 
lain and stoneware, while the greater caro bestowed 
upon the prepsration of the materials, and consequent 
greater parity of the mass, together with the general 
absence of color, are sufllcient to mark the distinction 
between this and delftware. 

Fine Earthenware , — The English manufacture may 
be selected as the type of this ware; it is composed 
essentially of a mixture of plastic clay and quartz, and 
is, therefore, more refractory, harder, and denser than 
the delftvvare, the chief ingredients of which are 
potters’ clay and marl, and which is in consequence 
soft and calcareous. Fine earthenware again is always 
coated with a transparent glaze ; the commoner sorts 
with enamel, producing the favorite Majolica ware. 
Neither kinds, however, are fitted for culinary use, as 
they cither split when exposed to heat, or the glaze 
becomes cracked and crazed. 

The crude materials used in England in the manu- 
facture of fine earthenware, are Cornish stone and China 
clay, a kind of kaolin brought from Cornwall, two 
varieties of plastic clay, both of which burn wdiite, 
and chalk>fliiitB. That class called ironstone china 
is made from a mixture of plastic clay, kaolin, Cornish 
stone in excess, and silica, tlie formula of which is sub- 
joined : — 


IRONSTONE CHINA BODIES. 


Cornisli stono 


J51iie «lfty 
Flint .... 


L 

11. 

HI. 

IV, 

V. 

VI. 

180 .. . 

. .. 200 .. . 

. .. 700 .. . 

. .. 600 .. . 

. .. 600 . 

. .. 400 

120 ... 

.. ir»() .. . 

. .. 500 .. , 

. .. COO .. . 

. .. 100 .. . 

. . . 250 

60 .. . 

. .. 100 .. . 

. ., 300 .. . 

. .. — 

. .. 180 .. . 

. .. 150 

80 .. . 

, .. 120 .. 

. .. 250 .. , 

400 !! 

, GO ... 

. .. 75 


A small pruj)oriion of cobalt blue is added as a staimto whiten the mass. 

These are the three p^i•incipal modifications into wdiich tliis class of claywares may bo subdivided, leaving 

iunumerablo others of an intermediate character. Mixtures for the mass of the following Varieties ax*o given 

below : — ^ 

French. 

Plastic clay from Montereau and Dreux 87 

^ Quartz IS 


Ekolibh. 

CRKAM COLORED WARE BODIES. 

Slijt mixtures by measure ; Dry mixtures in ports. 

Dry mlxturtH. 


Slip mbctarw la IimIioi. 


Blue clay 22 

China clay 9 

Flint 6J 

Comish stoUe -- 

Turguoke Body, 

Blue clay 300 Iba. 

Chinadlay 175 lbs. 

Flint 200 lbs. 

Corniih stone 60 lbs. 

Turquoise stab 20 lbs. 


Turquoise slain consists as follows: — 

Bine cobalt .. 1 lbs* 

Flint 21 lbs. 

Oxido of zinc ; lOlbs. 

Calcined together to earthenware biscuit ovaii‘, aud finely 
ground for use4 






JPale Prok JMu* 

Fine white earthen Wftte Wy 700 Iha, 

Stiyii— nickd ^ 4 lbs. 

Cobalt ci^x IJ lbs. 

M;f Body, 

Fiiiely ^rcffJrid (^rey marl 100 lbs. 

Fine earthenware body 100 lbs. 


Indde Wa^k for above &ciLored^ hodk$^ 

China clay 40 Iba^ 

Blue clay ^i?0 Iba. 

Flint 20 IH 

Cornish stone 10 Ibe. 

Cobalt calx, to whiten 15 drachma. 

This wash ia poured smartly into tlie interior of the ware 
after fonning, and immediately emptied. 


OOLOXIED GX«A.T8 ITDft Oim^MKlVTATION; 

Turqumac or Une^ ti&e of the body of ihe ware 40 lbs., and IJ lb. of the turquoise stain. 

Clay, jOorife Qharome Oreen Olay, 

'*?!!’“• ««»• 

Si?i ‘i OxiJ. of ihromo 8 lbs. 

Cobalt calx t 40 ounce. 

J>rab Clay. Orange Clay, 

Body 60 lbs. Body 40 lbs* 

Kiekel 12 ounce*. Fine reel marl 20 lbs. 

Cobalt calx 3 ounces. Flint 7 lbs* 

In general use for moulding and pressing. 


ri»E EARTHKNWABE BODIES. 


In Slip by measure. 


sup mUturaii In IndiM In tub- 


OimoBi 1o th« 

Blue clay 24 

China clay 20 

Flint 32 

Cornish stone * 3»1 


Dry in parts. 

f* 

Blue clay 200 

China clny 2o0 

Flint 200 

Cornish stone 73 


TEKRA-COTTA, OR POROUS BODIICS FOR WATER BOTTLES, ETC. 

Oracn. Blue, 

Earthenware hocly 100 100 Dark red marl 300 

Cornish fitono 15 10 Bine ball clay 100 

Oxide of chrome 3 3 Turquoise stain. 


Crey marl 
Blue clay . . 
Flint 


120 j The marls should be very carefully sifted through fine lawns, and if 
13 V gronnd finclv in a j>au at the mill, the body will be much 

6 ) improved. ^J'hiB remark applies to all colored bodies. 


6) im])roved. This remark applies 1 

These porous bodies are all fired iu the glazing oven. 


Preparation of iJte Material for forming the Mass . — 
The flints are prepared for tlie gi-inding process by 
crushinj? in their calcined state under the stamping- 
mill — Fiji 484s — which consists of a series of upright 
beams, a, a, a, of wood, shod at their lower extremities 
with heavy iron shields, 5, h. These beams being alter- 
nately raised in a vertical direction by means of pro- 
jecting pins, c, c, catebing the arms of a revolving drum, 
cf, fall with great force into a long narrow trough, f 
placed in a horizontal direction underneath, and having 
its bottom formed of perforated cast-iron plates, m, 
through the holes of which the broken calcined flints 
pass, and are then ready to be conveyed to tlie block- 
mill. 

The mill room where this grinding process takes 
place is fitted with a number of circular vats — Fig, 
484T^from ten to twelve feet diameter ; the bottoms 
of which ar^ paved with square blocks of a very hard 
stone. These vats are fitted with arms in the same 


manner as the mixing vats described under Po^telain. 
Blocks of stone weighing from ten to fifteen hundred- 
weiglit are placed against the arms, which are driven 
round by machinery. Into these vats the broken 
calcined flints are flirown, and water is introduced 
uto prevent the escape of the finer particles of dust, 
which would be very injurious to the woikmen. By 
this process the flints quickly acquire a state of minute 
division. After a period of about twelve hours the 
contents are run off through troughs into washing 
tubs or vats, where the coarse or heavier particles 
Buhsido, the fine liquid flint passing into spacious 
reservoira built and paved with bricks, and which arc 
furnished with plugs, to enable tlie workmen to draw 
off the first water with which the grinding process took 
place, and bring the flint into a state fit for use. 

The Cortdeh Mone is brought from Cornwall iu 
masses for the purpose of being ground and p^parod^ 
but without the process of calcinaHon, and is used iu 




i(i>|iaidMi:l|Hl| |i^ ^ in dutaUe tJian the « 

3!i« ct giiim^'i^diiei u similar to that of of eaqr injeiiou# ittgredi^iiil, fW jl£^ ^ 

«»•****• ' *' ^’"SSf^R 

lit grinding, but the vats or pans employed are^oner- I room where they are macerated by water, and pass into 


hint grinding, but the vats or pans employed are^oner- room where they are macerated by water, and pass into 
ally of smaller dimensions. The requisite machinery the tubs, a and d. The China clay, a, is brought to (ho 
not being erected at all the manufactories, the potters stainlard of twenty-six ounces to the imperial pint, and 
are usually supplied with the materials prepared ready that ati, containing the Dorsetshire or blue ball clay, to 
for use, by mills established in the localities where this the standard of twenty-four ounces ; the ground flint 


process is carried on. 

A species of stone, which has been termed La^fnatia 


contained in the trough at c is likewise brought to the 
standard of from thirty-one and a half to thiity-two 


luarizitef and is found in Scotland upon the estate of ounces, while the Cornish stone at d is of tlie stand- 
ard weight of from thirty to thirty-one and a half 
riff. 481 t. ounces to the imperial pint. The Ciiina clay and 

blue ball clay having been admitted into the tanks, 
e and /, severally, in the proportions marked upon 
the gauge rods, a s, are united in the mixing cistern, 
<7, llie blue ball clay passing by the trough, n. The 
relative proportions by measure of Cornish stone 
and flint are now added, and mixed with the mass, 
which then passes into the trough, t, fumi||iod with 
plugs and holes, & if, in its bottom, immediately 
over a set of fine silken sieves, a' a' a% fixed in a 
frame, p, to which a sifting motion is imparted by 
attachment to the eccentric and rod, woribed by 
the engine. This lateral to and fro motion of Ibe 
sieves cause a complete filtration of the ^ip into 
the tank, h, all the coarser impurities being left 
behind. From this tan!k> K i* is conveyed by the 
pump, y, and spout, Jc, into the trough, s', where H 
undergoes a second and similar process of filimtioii 
through finer sieves, falling into the reservoir^ i, 

^ and is convoyed away by the pumping apparatus, wf, 

Ardsheali Argyllahiro, has been recently introduced by to the purifying machine, and for convemioD into 
Mr. Miles L^ckhaei? into the Staffordshire potteries of the proper degree of consistency fbr woridnf* 
for the imipOM of grindh^ the flint. Being cqmposed The puHfimHm of the slip by the of 

almost ent&eV Of pure i^lica, it is harder and more particles of iroh which have become tneenpora^ vriflh 






rOTTEIiY Eautiienwake- — Clbanino the F 



liiiloR from tho mass, hy placing in al)Ox a large mmiber 
of Biiiall horseshoe tnaguots enspeniled upon a frame. 
The slip or glaze, us tlio case may ho, is poured hy 
an attendant into the box, and tho frame containing 
tliG magnets afterwards agitated to bring the slip into 
contact with them ; by this means tho iron particles are 
attracted to tho polos of tho nnignets, which are after- 
wards taken out one by one from the trough, and tho 

VOL. II. 


lainty have been given to this operation by Messrs. 
Holmes and Cordon, who have recently patented an 
invention which, by the application of electric currents 
for inducing magnetism in soft iron, eflectnally purifies 
the slip or glaze from nil such particles in a much shorter 
lime, and at a great saving of expense to tho manufac- 
turer. One form of the apparatus is shown at Fig. 484 V. 
a a rt, arc a series of coils inclosing the electro-mag- 
nets, h Ij\ b b\ c Cy c c'y the coils being placed in such 

5 M 



POTTKUY Consolidating the Sup. 


82G 


a manner tliat tbe induced magnetism in the alternate 
poles of each set shall bo of an opposite nature — Fig. 
484w ; the arrangement of the North and South poles 
is shown at a and h, Tho slip, in its passage through 
the machine, comes into contact successively with the 
several poles of the magnets; and the particles of iron 
being attracted by them, the 
slip is thoroughly cleaned from 
iron by the operation. The 
apparatus is placed in a strong 
box, E, with two apertures, v 
and i£, for tho passage of tho 
slip through tho machine. 

Tlie sli^), whieh is now niucli 
too liquid, passes into the slip- 
house for consolidation in 
troughs of brickwork from 
eighty to one hundred feet or 
more in length, and about four 
feet wide by fourteen inches in 
depth. The fiie, placed at one 
end, passes by moans of flues 
under tho bottom, which is con- 
structed of tiles, into the chim- 
ney at the further end, by which 
means the whole of the heat is 
economized. Tlic slip, upon reaching tlic boiling 
point, throws up a dirty scum, which is scooped ofl', 
tho tuinultuq|js ebullition preventing the separation of 
tho particles, and securing the uniform mixture of the 
I mass. Tins process requires about eighteen hours, care 
being taken to prevent any portion of the mass from 
1 Miming during the evaporation. 

In extensive manufactories where machinery is used, 
the hcauliful apparatUvS patented by Messrs. Nked- 
I HAM and Kite, for consolidating the slip by pres- 
I sure, is being introduced, and is a decided irnprovc- 
I ment iq>on llie old process of evaporation by heat 

I 

I ri>; 4S.lv 


The machine — Fig. 484x — constructed of stout wood, 
in tlie form of a rectangular mass, is composed of a 
scries of separate chambers or compartments, a a a. 


bolted together by iron clamps, b in jiaire, and form- 
ing the mass, A n. These separate compartments aro 
each fitted np with a scries of small wooden grooves or 
channels, d d d' — Fig. 484 y — sunk half an inch holow 
tho level of the frame, a and having a canal or pas- 
sage, h hj cut top and bottom of the passage of tlie 

Fig. 484v. 


water pressed from tho slip througli the holes, cc. By 
this arrangement each pair of frames when ]dac('d 
together will have a space between the grooves of one 
inch, into which the slip is forced by means of tho con- 
necting pipes and ap])aratus, E, each pair of frami's 
having its separate supply pipe, e. The interior of 
the chamber is prepared for the reception of tho slij) 
by the insertion of a strij) of fine hempen cloth, fj\ 
the edges being wrapped and folded up to form a 
large bag, and the nozzle, ri, for recei v'ing the Mippl\ 
pif»e, r, being perniancntly fixed on the double fold of 
llie cloth. Tlje Aveight of the hag is supported by the 
hooks, fji ( 7 , upon the ii}>per 
portion o*' tho frame. Tlic ma- 
chine being screwed up tightly 
by the rods, b h, tlic prcs.surc is 
brought on by the pumps, and 
the water passes out througli 
the fibres of the cloth and 
grooved channels, leaving the 
slip in tho form of a iliin, solid, 
compact, and plastic sheet ot 
clay. The time required for 
the operation varies from an 
hour to two liours and a half 
according to the composition 
of tlio mass, the charging and 
discharging of tho machine 
occupying an hour. Each 
machine can produce at the 
rate of four tons of prepared 
clay in the day. In order to 
slrcngMicn the fibres of the 
cloth, and to enable it to with- 
stand better the pressure and abrasion of the grooved 
surfaces of tho chambers, it is dipped into a solution 
containing lialf an ounce of alum to a gallon of water, 
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an operation found greatly to increase its durability and resistance to wear and tear. Some iitatemonts of the 
expense and performance of these madliines, compared with the old process of evaporation, are given below : — 


COMPARATIVE COST OF CONSOLIDATING THE CLAY FROM TIIK SLIP. 


Bjr th<9 01(1 Bvaporatlntt Kilna, over a period of six moutba 

1000 tons day at la. 4d. £06 13 4 

Wrar and tear of kilns, 32 0 0 

750 tons cuul at 4s. i)d., 178 2 6 


B}' Nccdlmni aud Klto’n pHtenicd prooew, over a jicrlod of elx monl^B, 

1000 ions day at 3s. 03., £175 0 

Milling, at 4ti., 16 13 

Steam-power, . . 20 0 

Patent right per t(jii 03,, . 25 0 


Saving, 


£276 15 10 

The cost of preparing the slip is in each case 83. per ton. 


£236 13 4 
40 2 6 

£276 15 10 


Tlic slip in this state passcB through the clay or 
iwfj-mill — Fig. 4H4z — in order to bring the mass to a 


Fig. 484Z. 



uniform consistenc}-. The mill consists of a circular 
iron vat or cylinder, a hound togetlicr hy iron hoojis, 
through the centre of which 
llie iron sliaft, 6, revolves, 
carrying with it several liori- 
zontal arms, c, armed with 
the sharp blades, d\ thei;e 
arc fixed in a horizontal posi- 
tion, and inclined at a cer- 
tain angle ; by this arrange- 
ment the clay in its passage 
through the mill is cut up and 
forced out at the aperture, k, 
the mass constantly sinking 
as it is supplied with fresh 
clay from above, and separ- 
ated as it issues from the ma- 
chine, by means of a fine 
wire, into blocks, which are carried away to the store 
! hous<j for the j>rocess of uyt iny — soo Porcelain. Before 

I the mass is placed in the thrower's hands it r.nder- 


goGS a further state of preparation, termed slapping \ 
or wedging^ hy being forcibly throvviL upon a strong | 
slab of planter of Pans. The workman then divides I 

tlie mass, and the piece cut oft* is again brought down “ 

with considoralde force upon the other ])ortion, a con- | 
tinual dividing and slapping of the mass being continued i 
until the whole is of a pcrlectly homogeneous texture ; 
at the same time care is taken not to cross the mass, 
but to ship the pieces together in the relative position 
from whicli they were cut, as, if this precaution were 
not observed, tlie ware would afterwards contract 
unocpially in the firing. From twenty to twenty-^i^'e 
Mows are given to the mass heforo it is sufliciently j 
homogeneous for manufacture. | 

Throwhig.— 'Vvom the much greater plasticity of Ike 1 
mass used for earthenware, the operatiol#of throwing 1 1 
upon the wheel is one of greater rapidity tlian is tlio ; ’ 
case with the manufacture of cither porcelain or stone- , | 
ware, an experienced thrower^ assisted by tw'o boys, often ' I 
producing as many as from twelve hiuKlrcd to fifteen i 1 
himdrod eight-inch basins in a woi king day of ten hours ; ; j 
while bift-ween two thousand and three thousand of the i 
small round ink bottles may be produced in the same ; 
time hy a lad and his assistant. This extreme facility j 
in the manijmlation is certainly one of the principal 
reasons for the low iiriee of the Avaro. I’he pot- ^ j 
lei’s latijc, in its general form, where macliincry is ' | 
not employed, is sliown at Fig. 484aa, and consists of j 
a fixed table, carrying an npiight shaft, to which 1 1 
the throwing disc or head, </, is fixed for n'ceiving the j j 


Fig. 4S4AA. 



mass of clay, c is a pulh‘y fixed on to the shaft with 
grooves of dift'erent diameters, and receives motion 
from the driving wheel,/, by a cord passing under the 





i 
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giiido pulley upon the fnimo, < 7 , The worktiiiin, seated 
upon the bench, 4 , regulates the velocity of his disc 
in the shaping of the mass by corrcs])oiidiiig signals 
to the assistant who turns the wheel,/. 

In the mannfactones of Wedgwood and Coi’eland, 
the lathes are diiven by engine power, the arrangement 


for regulating the speed, ct edera^ being shown at b'ig. 
4841315. a and h are two conical drums, connected 
together by the belt, C} and to wiiieh motion is corn- 
municalod by tho driving wheel, d. The thrower sits 
at his table, and the axle, e, carries tlie disc, on wliieh 
are placed two ptilli^s, r/?, w, one llxed, the other loose, 


Fig. iS-lDU. 



I in connection with the drum, by means of the strap, 
I I /. The revolution of tho lathe is tlirown off and on by 
j the treadle, //, nndor command of the operator’s foot. 

1 1 The S]u.*cd of tho Jaihe is regi]lated by tho assistant, 
j j who elevates or depresses the ])elt, e, ujion the drum, 

I j ' h, by means of tlie winch and carrier, 8, tlirongh which 
j j , tlj(i strap works, 

j j I Tlic balliTj who prepares tho mass for the thr(yirir^ 

; i ' is sliownat D. Each piece is vveiglual when the vessels 

I , I icfpiire to bo of a uniform siz(‘, a stroke or two of the 

, ! j band being givfuj before it is ]»ressed into tho balls, r, 

I 1 1 ready for use })y tho thrower, who, after tl)C formal ion 

I i I of the ve.-sol, dexterously separates it at the base from 

. i i tae dise by a fine brass wire, and jdaees it on a board, 

; I j wbere it icinnins until the mass becomes suflieicntly 

I ' j firm to bear without injury tlie subserjiicnt processes 

; j j of lurning, liandling, ci (riera. 

j j Tnrmvg , — This manipulation rc(piircs considerable 

I ! dexterity on the part of the workman, to avoid dcstroy- 
' j , ing or fracbiring the piece whilst turning it to the 

‘ 1 1 requisite size, tliickness, and shape, and jircscnts also 

I 1 1 nmnerous opportunilie.s for the exercise of skill, taste, 
i I and genius in giving to the seA'cral parts tlie pronii- 

1 ; nonce required, and to tho wholf; the d"gi-(H* of eleganee 

; ! s\^gg(t^^tcd by the patte.vru 

I I Tho common horizontal lathe resen iblos tbal in use 
j j for wood turnirjg, and is generally set in riif tion by 



male or female assistants, who b}’’ praciici' Ix'conio j [ 
rernaikabl}" a]>t in adaj)ting tbo velocil}’ o( the nadion > | 
to the requisitions of the turner, and at tlie same | 
time jicrform all tlio necessary attendant opeiations, i ' 

such as stamping the goods, and bringing tin ni to or ’ 

fiom the kitlic. The vessels are fixed upon the liead- 
stock of the l.'ilhe by insertion upon a cbnek of a 
tapering form, which easily adajits itself to the inner sur- 
face of the vessel. The engine-lathe, tinned by steam 
power — Fig. 484rc — has the speed riigukitcd by Ibo 
gauge, h, shifting the position of the band njion the 
driving drum, a. 'J'be motion of llio lallu' is iev(‘is- 
able liy the lever, e, changing the position of the driv- 
ing belt from the djieel motion pulley, f/, to that of llu* 
reversed one, e. This retrograde motion is re([nirc<l 
for the final ojicration of snmolliing, soliddyiiiLg and 1 
polisliing the vesscfl after turning. 

The turner’s tools are of inai, thin, and well forgerl, 
about eight inches in lengtii, and varying in breadth 
from a quarter of an imdi to two inebes, tlic cutting 
end being turmal up at a right angle about half an 
ineli, and made sharp and level ujion the giindstomi. 

All wares that are not circular in section, and such as 
are ornamented with has reliefs, are made in plaster 
moulds, into wdiich the mass is ])iTssed with a syiongo, 
d edenu Thin vessels an* rn.'do at tlie wheel, with 
the a.'sistancc of jdaster moulds and tools, as already 
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described. When simple forms are required in great 
quantities, the hand of the moulder lias lately been 
replaced by machinery, more particularly in some of 
the Northern potteries about Glasgow, Newcasllc-upou- 

Fig. 4S4cc. 



Tyne, and Yorkshire. Fig. 4ft4Dl) represents a form of 
th<' ii])paratus in which the cups are formed by means 
of the plaster mould, h, giving the exterior form, while 


Fig 4Sti^D. 



the tool, c, gives the inteiior shape. The plaster 
mould is fixed in its proper position upon the bead of 
; the disc by the iron ring, a a, in such a manner that, 
its centre corresponds exactly with the point of the 
tool. The mould is brought into revolution by means 
of tt treadle, while the tool, e, counterpoised by the 


weight, dy is loweicd to the proper distarico through 
the guides, i i, by means of a second treadle. When I 
a ball of clay is placed in the mould, and the treadles \ 
moved, the tool, e, descends into the revolving mass of 
clay and bores a hole, forming a cup, the thickness of 
tho sides of which will correspond to tlio distance at 
which the tool, at its lowest point, is separated from 
the sides of tho mould. Wlien the forming is finished, 
for which a few seconds suffice, the treadles are set at I 

liberty, and the mould brought to a state of rest ; tho ! 

tool being raised up above the mould by the weight of 
tho counterpoise, d. The mould, with the finished 
piece, is then exchanged for another, and the operation 
lepeatod, A machine of this kind can be worked by 
female labor at a loss cost than that of experienced j 
moulders. | 

Hamlling, et crtcra. — These manipulations are j 
performed, for the better class of wares, by moulding | 
in the same manner as that described under Vorcdaui^ ' 
wbilo for handles of a less ornamental nature, recourse I 
is had to a small machine, called tho squtcdvg hox, 
Tliis consists of an iron cylinder, a — Fig. 484 fk — about 
six inches iu diamctci, and twelve inches deep, the 


Fi;' i’^4Lr.. 



bottom of wliich has a hole, into which a piece of lead, ! 
bj is inserted, \)ierccd of the size and section of the ! 
intended handle. Tlio upper c<lgo of the cylinder i 
carries .a strong iron frame, c, into which Avorks a j 
screw plunger, d; this, upon depression, forces the i 
clay through the aperture in stripes of tho proper form, I I 
and which afterwards, when cut into lengths and bent ! 
fis required, are left to acquire their proper consistency i 
before application to the vares. In this operation the l 
liandler cuts away from tho edges or ends all super- ! 
fluous clay, and, after moistening with slip the parts 
of contact, presses them gently against the body of tho 
ware ; they are afterwards trimmed with the knife to | 
remove all Bupcrfluous matter, Tho vessel is then j 
rubbed over Avith a moist sponge to remove all dust, 
previous to drying and placing in the soggars for tlio , 
baking process. I 


I 
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Pressing^ or hollow-ware 8qucf::hg^ is a more 
laborious manipulation connected with this branch of 
manufacture. 

The clay having been prepared by beating with tlie 
bat upon the gypsum slab to the proper thickness and 
dimension, is placed upon one of the sections 
of the mould, and with a moist sponge avoH 
worked into every part. All the sections being 
i thus lined with clay, the edges are trimmed, 
and the parts of the mould carefully placed 
together, and secured in their position by a 
strap passed round them. The presser then 
passes his finger up every joint, so as to make 
a groove, into which a thin roll of clay is in- 
1 sorted, and worked into the mass hy the linger, 
and smootlied with moist leather. All marks 
I are removed with a sponge moistened with slij), 
and the inside is afterwards w'ashed with clean 
water and a sponge. The mould and its con- 
' tents are then set aside until firm enough to 
receive polish with a flexible horn plate. The 
! article is afterwards removed from the mould, 
trimmed and polished with proper tools, to 
I remove all appearance of seams, and the handle, 

I , spout, or other ornamentation, added in tin; 

j ’ usual way before baking. One mode of docor- 
! ation which may be here described consists in 
, the formation upon the ware, while in the lathe, 
ol rings and devices in various colors. This 
decoration is produced in difl'crcnt ways 
When an inlaid pattern in various hues, the 
workman, while the ware is in the plastic 
state, and revolving upon the headstock of 
the lathe, impresses the pattern upon the surface by 
; a roulette, and afterwards blows tlirough a fine tube, 

I out of a bottle, thick colored slips into the several 
; sunk parts, the bottles containing the slip being fur- 
nished with a moiith-pieco and tube for that piiq)ose. 
The surplus colored clays being afterwards turned ofi’ 
j in the manner described under Fine Slonewarey the 
I ; various inlaid rings of color are produced. When a 

I i marbled appearance is required, the tinted mixtures 

I I are placed in separate compartments of one vessel 

1 , furnished with a spout in connection with the several 

! ; chambers. On their exit from the vessel, all tlio colors 

flow out in a single stream, but uumixed with each 
other. This stream flowing upon the ware causes a 
waved or variegated appearance according to the regu- 
larity of the motion given to the piece, and articles so 
, decorated, are commonly termed depped and mocha 
' ware. All these colored clays require to be in the slip 

i stale, and not of an oily nature. The wares are aftor- 

! wards fired and glazed as usual, according as the nature 

j of the operation has been performed while in the plastic 

I ST biscuit state. A pleasing arborescent effect is some- 

I times given to these wares by a mixture of tobacco 

I ; water, with manganese, nickel, oxide of iron, and a 

i ' small quantity of cobalt, drop])eilon to the soft colored 

slip surface of the ornamentation, 
i I Firing, — The temperature at which tine earthenware 

I is baked being much higher than that required for the 

I I glaze, renders it necessary that vessels composed of 

! I this substance should be fired twice. At the first firing 


the ware is comtdctely baked, or converted into biscuit, 
the glaze only being burnt on in the second firing. 
Two separate furnaces are employ^ for these distinct 
operations. The kiln used for bikiAg — Fig. 484ff-t- 
has only one chamber, a, and is surrounded by a 

Fig. 4S4 ff. 


conical brick building, a a, termed a hovcl^ that serves ! j 
at once the purpose of roof and ohimnoy. The con- 1 ' 
struction is neaily the same o:? that of an upiiglit \ ^ 

revel beratory furnace, diffciing from the porcidain 11 

kiln hy a better arrangement for the distribution of the 
flame, and the use of coal for firing in jjlace of wood. 

The draught is regulated by the npi'rturc, ?>, and passes 
into the furnace in a downward course, carrying with | 
it the flames in a horizontal direction ; c is the opening 
for removing the cinders, and d that by which fuel is 
introduced into the furnace. The flame, before entering 
the chamber of the furnace, is divided; part of it 
retaining its original direction, passes through channels 
below the solo of the furnace, along the horizontal 
flues, e, and enters at the central point,/, the remainder 
circulating upwards through the small chimneys or 
bags, < 7 , situated against the wall, tw, of the kiln, A. 
Each fire, of which there are six or eight, has a con*c- 
sponding chimney, g' g', and horizontal flues converg- 
ing towards /, and beiioraing narrower as they approach 
the centre. The flame finally escapes tlirough the 
openings, h h hj in the dome of the chamber, A, and 
out of the top of the hovel, b. The small openings, j 
n n, are for the removal of the watches from the seg- 
gars placed opposite, and by which the potter ascer- 
tains the state of the kiln. The height of the chamber, 

A, averages about eighteen feet, the diameter about 
sixteen feet. 

It being generally the custom, in the manufacturo 
of fine earthenware, to prepare several kinds of goods 





at the same time, care is taken in the firing to place 
those wares, such as ironstone china, et cetera, that 
require the greatest amount of heat, in the hottest por- 
tion of the kiln. Aa has already been stated, no kind 
of earthenware can withstand the direct action of the 
tlarne, especially that from a coal fire ; the wares are, 
therefore, always inclosed in seggars, while the com- 
paratively low temperature at wliich the wares are 
baked admits of a great economy of space, the indivi- 
dual pieces being packed closely. The seggars are 


arranged in the kiln in columns or bungs after the 
manner described under Porcelain, The temperature 
of the biscuit kiln ranges from 90'’ to lOO'" Wedgwood. 
The following tabular Rtatements will show the approxi- 
mate number of butigs and seggats contained in the 
biscuit kilns at each firing. It must, however, be 
observed, that the bracket mentioned in the table is 
not general throughout the Stairordshirc Potteries, but 
has been successfully used for many years by Messrs. 
CorELAND in their kilns : — 


Ko. 1 .— Lauor Oven— D imcnsioiiR, 18 feet diameter; 17 feet 6 inches high. 

Tlnchct, containing 3U bungs of ovah, 13 high, or h(>7 

Arches, “ 8 “ 16 in. ovals 22 “ or 176 

( “ 15 “ ovals ) 

First ring, ■< “ 8 “ Min. “ y 26 “ or 621 

( «‘ 1 16 in. “ ) 

r “ 3 “ 20 in. 83 hif-h 

I “ 5 “ 18 in. 23 “ | 

Second ring, ■{ “ 1 “ 16 in. 2 1 “ ^ or 312 


Tliiiil ring,. 


33 bungs uf 

ovah, 

. 13 

high, or 5(>7 seirgars 

8 “ 

16 in. ovjilfl 

22 

“ or 176 “ 

15 

ovals ■) 



8 “ 

14 in. “ [ 

26 

“ or 624 

1 

16 in. “ ) 



3 

20 in. 83 hi 

■k 1 


5 

18 in. 23 

‘ 1 


1 

16 in. 21 


or 312 “ 

1 

14 in. 26 

• 1 


3 

ovals 26 

‘ j 


5 “ 

ovals 30 



1 “ 

.18 in. 28 

- 

or 320 “ 

4 

plates 37 

‘ j 


3 “ 

ovals 31 

‘ ) 


1 

14 in. 30 

‘ y 

or 237 “ 

3 “ 

plates 38 

‘ ) 



Number of hiings, 101 


Number of seggars, 2182 


No. 2. — Rm.vll Ovsn — bi.ncnsions, I.'’) Icot diameler; 14 fed 6 inche.s h!^;h. 

Hriiclcet, containing 40 bungs ofo\.ils, 13 high or .520 h 

AjiliOf', “ 8 “ lOin. oNals 24 “ or 102 

>•'»(?. I “ “ 1. I- 29 or 7-^5 


Second ring, , 


Third ling and middle, 


Number of bungs, 71) 


10 in. ON als.. . . 24 “ 

ovals ) QQ (, 

14 in, ovals ) “ 

20 in. ON ah 22 high 'I 
18 in. ovals 23 “ 1 

16 in. ovals 23 “ j 

0 Mil 8 26 “ J 

1C in. ovals 26 “ 'I 

l)ltttes 3t “ I 

ovals 27 ‘‘ I 

14 in. ovals 26 “ J 

Number of peggars, . 


llra('kct, , 
Atches, . 


No. 3. — iMitOii: Oven — D imensions, 18 feet diameter ; 17 feet 6 inches high. 

containing 40 bungs of ov.ih, 13 high or 520 seggars. 


First ring, 

Second ring, ^ 


Tliird ring, | ^ 

Middle ring, | “ -J 

Number of bungs, 103 


IG in. ovals 24 “ or 102 

i 29 or 725 
14 111. ovala j 

18 in. ovals 20 high I 

20 in. ovals 20 “ > or 386 

ovals 32 “ J 

ovals 33 “ > 

plates 41 “ ]■ " 

ovalfl 31 “ \ (y,n 

jdalcs -12 “ j 

Number of seggars, 241 1 


The mode of couytructing the Beggars for firing the 
fine earthenware is shown at Fig. 484aG, TIio marl, 
otter beating out by the bat, a, upon the iron or stone 
slab, h, is cut to the required height of tlic seggar, and 
wrapped round the wooden drum or shape, c; the 
necessary thickness of clay to form the bottom of the 
seggar having previously been placed on the 4vooden 
shoard, upon the whirler, d, the workman now unites 


the edges of the sides together by moisture and subse- 
quent kneading of the fingers; the bottom mass is also 
trimmed round, and lutxjd up into the side in tlie same 
manner, the oiioration being assisted by the rotatory 
motion imparted by the left hand to the whirler, d. 
The seggar, after the withdrawal of the drum, is shown 
at e, and the drum at/. The composition forming the 
mass of the seggars is as follow's 
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Various grey and black iharls from the coal-beds 
mixed together with tho addition of from twenty to 
twenty-five per cent, of coarsely-crushed old biscuit 


seggars, these proportions dejjcnding upon the plasticity 
or porousness of the marls used. . h 

In firing earthenware, that quality of ooalaaselei 


Fig. 4S4aiL 




which produces a long flame, and is not of a caking 
cJiaracter. Tho heat is modorateJ at first until the 
fuinace and its contents have gradually been raised to 
a red heat ; the temperature is then increased, the 
draught entering from below, and regulated by the 
opening or closing of the lid. Tho state of tho biscuit 
is ascertained by tho introduction of hollow balls of 
red clay, bored through on two sides, to enable their 
removal from the kiln — llie degree of color produced 
affording a clue to the state of tho furnace. These 
balls or watches become first pale-red, and after passing 
through several tints become i ed-brown ; at wliicli stage 
those varieties of earthenware equal in quality, or 
nearly allied to iron-stone ware, are sufficiently fired. 
The softer varieties arc fired when tho tests appear 
slightly tinged with dark-red. The firing in tlie bis- 
cuit kiln occupies about forty to forty-eight hours, 
the average amount of coal consumed varying from 
fourteen to eighteen tons, according to the size of the 
inln. 

The kilns employed for the after-operation of glazing 
are of the same construction, hut somewhat smaller 
than the biscuit kiln; the temperature of the furnace 
for burning the glaze being ascertained by the intro- 
duction of balls of clay, previously coated with glaze, 
iiitr the chamber, and which assume progressively 
the same changes of color with the heat of the fur- 
nace. Frequently tho trials from tho most successful 
bakings are preserved in order to use them for tho 
purpoBcs of comparison in future operations of the 
same kind. 

Flat pieces, such as i)late8, et cetera^ are sepa- 
rated from each other in the seggars by small pointed 
supports or rests, made of hard baked clay or earthen- 
ware, called cockspurSf stilts, triaiujles, et cetera, as 
shown in Fig. 484ll ; those as a a,hb being fixed into 
separate boles made in the side of tlie seggars, the 
plate resting upon tho edges of tho prominent por- 
tion, rim downwards, or, as is tlie case with hollow 


wares, separated one from the othei by the liiangle 
c or d. 

Tlio extent and importance to which tho earthen- 
ware and pottery nianuraclures of England have ri'^en, 

Fig. 4S4 ti. 



can only be estimated by taking the afiproximatc returns | 
of material used and goods manufactured over a given ! 
time, in one of the principal localities — such as the 
Staffordshire potteries— and which may be taken as 
follows : — 

The total quantity of potters' material — such as 
Cornish stone, Hint, kaolin, china clay, pool clay, felspar, 
et cetera — used in the various departments of manufac- 
ture in the Staffordshire potteries, during the year 1859, 
is estimated at not less than two hundred and twenty 
thousand tons ; the manufactured ware sent out of tho 
district during the same period, reaching over one hun- 
dred and ten thousand tons, which, taken at an average 
value of twenty- five pounds per ton, will give the enor- 
mous sum of two millions five hundred thousand pounds 
sterling. 



|lb$ijs^ iMt0 lead, 
" ^i9Xb0Km^, 0f lime, miudi ,* 
jpSalSoik $Skt cM%i^i^r#1y, pMf on 
> nceenro dI body, pwi^ly 

' \ '.'ISiO ftm ph 

im4 O0bkl& >^ a^ d Mi 

liMmii find the pre|mM^ of lend ejEeH: a eofiMig 
aetion, while the 09^ of oohfdt, 0^ In Vety mhell 
propo^otm, terely exceeding one^^oawmdth part, is for 
the purpose of impari^ng a dcdidhte blue tinge to the 
glaze, and ceunteraeting the yellow color of the body of 
the ware. The essentials of a good glaze are trans^ 
paren^y, absence of color, suffident hardness to tikhi 
abrast^ and the property of expanding by heal in 
nearly the same ratio as that of the body of the ware. 
The various ingredients are mostly fnsed together oi' 
flitted, and afterwards ground, sieved, and purified, as 
dcsciibed, to free the sfip from iron to. form the glaze. 
When melted with borax or boraoio add and soda, it 
is a perfectly tran^arent green color ; with tincal it is 
impure in color, and of a dirty-brown. The prepara- 
tions of lead do not always enter into the composition 
of the frit, but are added to the glaze in the grinding 
process, with the stain also finely ground. These 
materiali! being formed into a thin water fluid, the 
process of glazing is the same as that described under 
Porcelain. Subjoined ai’e several mixtures for glazes ;— 

BAW OLASSES. 

Common Cream Color Chute. 

Cornish Btono . 150 

Flint 86 

BorgE 4 

Wlute lead 800 

Mockinghan Qlaste, 

No. 1. ^ 

Red lead 42 

Cornish stone 6 

Flint 

China clay . i 4i 

Hlanganesc 6* 

Ground finely for use. 

No. 2. 

White lead 60 

Cornish stone 6 

FUnt 18 

Bed marl fl 

Hanganese 10 * 

Ground finely for use. 

No. 3. B 

Red lead 100 

C&nexnari**‘ v ^ 

Cornish stone . / 16 

Flint*-.-* 20 

Manesnese 16 

Ground finely for use. 

TeUout or ISoffron 
, ; Very finely ground. 

Add to whtdii ib qtnBU of crown color glaze— 4i Ihs. per 
' , ^iu«4-^WeU rifted together. 

von. II. 


mfn fb» 


Ground fo^r stain. , ^ , 

AdditO Id qiurte of printed glaze^99 

, and well sift togSheri ^ 'Vlr' 

Jkmrt Green 

' ■ . ../'■ *; No.1. , \ 

Whfteleaa..v..-.— d Ihiu 

Oririn^ copper. $ Ihs. 

Flint gtem. Ulbe. 

Flint — ? ttnu 

Finely ground t^ethei:. An4ihk-#P- 

Gffhe above 4 quarts* 

12 quarts. 

Cieain eqler, ffltto , * . . .. 9 quarts. 

igp--/ 8 pints. 

vaU Iswned togethot. 

- No. 2. 

Oiddsud copper lOlhs. 

Cobalt calx ... 1U». 

Ground for colors 

Whitelead*...... 23U>s. 

Fitot 15 lbs. 

Bhieidsy.......^. 8 lbs. 

^ Ground finely^ 

And to the above eompounds add— 

Printed glaze . * - - - 36 quarts. 

Cream color glaze 86 quarts. 

. No. 8, 

Calcined copper 8 quarts. 

Ground finely { 29 ounces per pint. 

Cream color glaze 20 qdarts. 

89 ounces per pint. 

Printed glaze 10 quarts. 

29 ounces per pint. 

Sladh Cflaxe. 

No. 1. 

White lead 50 

Cornish stoDO 20 

Flint .... 10 

China clay 7 

Mongaueso 10 

Ground for dipping. 

Body as for lustre body. 

No, 2.^ 

Red lead 25 

Cornish stone 10 

Flint 6 

Bed marl — sifted 5 

Idanganese 2 

Ground as before. 

No. 3. 

Cream color glaze * 20 quarts, 

2^ pounds per pint. 

Cobalt blue. 6 lbs. 

Bark red or lustre body to be used with this gdwi6. 

Royal Mue Ohm. 

The same glaze, used upon white body, produces a fine royal 
blue glaze. . , ♦ 

For lighter tints, according to the quanfiries of stain employed. 


tltXTTED GtAEES. 
Cream Cdar Otam. 


FUnt. , 


White lead 
Frit,.:,.. 
China clay 


f. 

XI. 

m. 

m . 

... 200 • 4 « 4 


00 . 

... SO ...4 

60 

50 . 

... 75 .... 

SO 

600 . 

... 850 .... 

200 

— . 

— . . . , 

100 


:S0 

80 

. .V* 

4| 


Whiting - .... -- .... - ,46 

Frit composed of Cornish Bloue-..-. 80 1 Cshdndd lh 
Srit composed of soda H >#Mmi ovelu^ k 

I ;6 ^ ^ ^ ' 


" 1 ^ 





pottery EAUTIIKNWAttK— GliA^LS— 


Cornish stono 100 

Felspar — 

Flint 00 

Lynn sand — 

Whiting 25 

Chalk — 

Tincal — 

Borax 70 

China clay 10 

White lead GO 

Bed lead * . — 

Soda..^ ^ 


I. 

Cornish stone GO 

White lead GO 

Whiting — 

Flint..: — 

Frit 500 


PAtNTKD WAKE GLAJfiES— FIUTTJJD, 


It. 

180 


100 


120 

10 


111 . 

80 

70 

25 

7.5 


IV. 

90 ... 


V. 

40 

- .... 40 
5 .... — 

- .... 30 

- 15 
60 


05 .... 
25 . .. 


VI. 

50 .. 

35 ! 
40 


100 ,, 

30 . 


25 ... . .... • 

Fritted in kiln, and mixed as followe; — 


100 . . 

80 ... 


ITI. 

100 

100 


300 .... 300 


IV. 
1 50 
200 
80 
80 
180 


V. 

10)0 ... 
IGO .. 


vr. 

35 


vn. 

120 

70 

30 


75 

10 


30 

10 


VIT. 

75 

60 


VIIT. 
. 100 


— .. . .35 . 

300 .... 240 .. 


500 .. 


.‘20 

U) 

CO 

15 


VITT. 
. 100 


300 


IX. 

120 

80 

80 

120 

30 

20 


IX. 

180 

120 

70 

300 


Others as follows i - 


Cornish stone .... 


I. 

11. 

.. ion 

Flint 


. . 75 , 


Whiting 


. - . .50 

35 

Borate of lime . 


. . . 15(J 

.. 100 

Boda 


. 2.5 . 

__ 

China clay 

While lend . ... 


25 . 

. 15 


25 . 

.. 30 

Fritted in kiln 

and mixed as follows 

— 



1. 

II. 

Cornish stone 

. . 

150 .. 

. . 35 

White lead 


. .. 100 .. 

. GO 

Flint. 


.50 . . 

. . 30 

Frit 


300 .. 

.. 250 

other glaze as follows 

- 


Felspar 

80 

Boracic acid .... 

.35 

Flint 

20 

Soda . . 

. . 35 

Whiting, 

20 

CJiina cla} 

15 

Fritted in kiln, and mixed as follows : 



MTiitc Ica'l 

120 

Feb' par 

Frit 

1.50 

Whiting 

40 

. ... GO 

Flint 

00 




To every charge of 600 pounds v> eight of the ahovc glazes, 
about three oiincos of cobalt blue are iijixe<l to stairj, ])Ut vaned 
according to the color of the body. 

Prab, turquoise, ImlT, and other hincy bodies, arc dipped intfi ' glo.ss or gl.izc kiln is about sixteen h(»urs^ nml con- 
glazt isuch as are here given ; or soinoUmes into mixed glazes, 
varying betweeii the common and tbe best. 


The, furnace for preparing tlje frit is shown at A — 
Fig. 4B4il. a is the fireplace, the flantes passing over 


Fig, 484 1 1 



the bridge, h, into the body of the furnace, A, where 
they are reverberated upon the surface of the fritt-ed 


i siinif's from live to seven tons of coal, according to 
I the size of tbe Kibi, the temperature of which is 
j ascertained by the progreshivc changes in color assumed 
] by balls of red clay coated with glaze, and introduced 
for that purpose ; but it is usual to pre- 
serve those trial balls from the most suc- 
cessful lirings for ccmiparisuii in future 
oi»eratioiis of the same kind. 

Printing. — Although, from the nature 
of the body, it would bo inappropriate to 
devote the same expense to the decoration 
of eartheiiwaro as to that of porcelain, 
the former very gcMierally receives orna- 
mentation cither with the brush or by 
printing, and is likowi.so to a gi*eat extent 
decorated with metallic lustres. The 
process of printing consists of two parts 
— first, tlie production of an impression 
upon thin paper in a suitable ink, and 
then transference of the ink upon this 
paper to the surface of the biscuit. The 
Vehicle which servos as the preparation for embodying 
the necessary colors, is a composition formed of boiled 


mass, / /, and finally eficape over the bridge, c, into 
the chimney, d. The frit is withdrawn from the kiln 
in its molten condition by tlio opening, e, and thrown 
or run into cold water. This aperture likewise serves 
fur the recharging gf the oven, and is closed during 
firing. 

When tbe dipped biscuit has become sufficiently 
dry, the glaze is burnt in, being placed in seggars 
similar to the biscuit seggars, and glazed on the inner 
surface, to prevent absorption during firing of a por- 
tion of tb(j basic ingredients of the glaze, particularly 
oxide of lead, by which the glaze upon the ware would 
be rendered rough and deficient in lustre. The pieces 
are separated from each other by contrivances similar 
to those already dcHcribed under Firivg, The mark.s 
caused by the points of contact are easily disconiiblo 
in the earthenware of commerce. 'Jdieso little in- 
equalities are afterwards removed by females from 
tlie ware by sharp steel dr(*Fslng- tools. Tbe junction 
of every two seggars in tbe humj is luted with clay to 
make a jicrfcctly secure mass. 

Firing . — The time occupied by tlie firing of Iho 



POTTEBY — -EARTHBJJJt^AKfi— PnrKJTtNCi Coubiis, 


Uiitseed oil, resin^ tar, and oil of arabor, and which 
becomes, wlicn mixed with the oolors, sniSciently liquid 
for use by spreadit^ out upon a hot iron plate* In the 
selection of tints^ wiose only must be ohosen which, in 
chemical properties, are compatible with the character 
of the glaze, the temperature of the kiln, el cetera. 
Cobalt blue, manganese black, and chromium green, 
are very common colors, and then various proportions 
of these, generally incorporated with the ink for the 
following colors, are here given: — 

UNl>EROI*AZl 3 , rUINTINC!, AND IMINTJNO COtOltS FOR 
KARTHENWAUK. 


Ydloie. 


Lf'ftd and tin usili 
Aulimoiiy 


4 1 10 r Is. 

I I'iiiL 


fMix woll loj^etlicr, and 
calcino at a pentlo 
liuat in a 
oven ; to itiKltTgo a 
t'oeond caloiuuti(*ii 
nt n tempe- 

lature in the bamo 
oven. 


1 1 Ora??ffr.. 

1 1 Antimony 3 Ihs.'j 

' I Lillungff 3 Ihti ! 

li lioud and tin lub .. ^ U). 

M Ochre cnlciiicd ... 3 <*z. J 


Calcination as above. 


Cliroroate oi' iron . 
Chioniafn of loin! 
(Uilcinvd hionim 
Uiidtf oi’ zinc . . . 


I) /ft Hw/rn. 

■■■■' . • 

I Calcine only onc«. 




Jii'O/mt. 

Oxido of mansrane^e .. 4 11 h. 

OiiTn o,\idi>oi( hioxiiimnl-1 Ihs, vWell calcined. 
Coiinidx btont 4 lU.j 

yjlow G/'cetf. 


Clint pflasB 4 Ibw. 

W hitiu;; . . ‘.‘A U',-., 

Gi eon oxide oi i-ln umiiiin I ^ lbs. 


Calciimd at ))i.-.cnit 
o\rU heat, and 
Moll poiHidrd, 
Wii'diod with hoil- 
iijfr water until 
rlear, and eal- 
''in I'd a seeond 
tiino. 


Calcined to;.;('lln'r. 


YcOoir Or/ru. 

flreeri oxide ofchrominni 3 Ibs.l 
Yellow e.oloT . , . , . . 3 lbs . 

Clnna elav, buinl at ( on, 
bin'uit fieat .... ' j 

Fine sand . . ‘2 1hs. J 

Hint (innt. 

Gieen oxide of (‘hroiniuin M! ) 

0. \ide ol cobalt ‘.i i 

1. 'lux roinpom.,! ol ofj.nl ) I (-''■■‘.■h"! 

rort,. of l«.iax linJ - lo on. 

hint j J 

Ilvsc Ctjlitr rinJc. 

Oxidooftiu ‘JJ^lhs,. 'I 

'WhitiiHi: 1 lb. [Calcined in biscuit 

Green oxide ol t hroiinnm A oz. [ oven. 

Cornish utouo (> oz. J 

Hurjile. 

To 15 ]»otindKOfvose color jiink add 1 ymundof cobalt 
calx and IJ pounds of fine mnd. The-^e proportiona 
may bo varied according lo tint reipiircd. 

JilacJ:. 

'Oxide of chrotniiun .... r> lbs. I 
(Jalciucd jinangHiiosc ore ini»s. ) Calcine in gbizing 

Cobalt talx 7 Ibi*, j oven. 

Gold litharges .. ,,10 1b. .J 


Mach, 


Oaloinod chromate of iron . . 12 1 

Cobalt calx ^|Caacla«togB«tie^ 


Black prepared oxide of cobalt 12 lbs.') 


in 


tll'jISurinfOTen. 


[CMn» 

Oxideofzmc 2 lbs. 

The above for strong color, to be reduced for weaker 
tints by a ilux oomj^osed of equal parts of iUnt glasa 
and flint. 

Mae fat ordinary printifuj. 

Blue cobalt calx .... 1 Ib.l - 
Coniidi*U>no ,j J,,. ]■ Grind for nso, 

Or a mixture of half stone and half flint, 
be reduced to 1 part of blue and 5 parts of 
fluxing material. The fluxing of these blues ore 
much varied by manufacturers. 

Of late a manufacture has boeti introduced of a flowing 
blue and other colors, giving a softness to the coloriUg 
upon tin e*carlhen ware, which has been much esteemed. 
TJiis is produced by what is termed a flow^ introduced 
into the seggar or ^e-case; a few of tha flows are here 
given I— 


Quick lime . 
Salt ..... 
Jsilre .. 
Borax 


.Again — 


' \Vhl( log 

4 

, Sail 

H 

; Ag-ln— 

1 Ivifre . 

4 

, Salt.. . 

. .. 1 

j Bono .. , 

. . .. 

1 Alum 

n 


[Well mixed together 
I and sprinkled care- 
fully TOand the bot- 
tom edge of tlie 
, seggar. 


^Mix and use as above* 


f Mix and use a? ftpove* 


J 


Again- 


Quick lime 25 “I 

I t'liloiide of aiDiiionnnn .. 2 -V vMix and use as above, 

j Bed loud 5 j 

I I'liCRc ami variontj oilier mixtures are introduced for 
I the like purposes. 

j But the most admired is tlie pF?ih color, obtained 
' from acid stannatc of oxide of chromium, withstaunate 
I of lime, and very oxtvmsively applied to decoration, 
j ^riiis [ligment, originally a profound secret, has been 
j eliemically decomposed by IMAbAGUTi, from tlie results 
of which analysis, a jiractical mixture has been pro- 
pared wiih great success, more especially at Moutercau 
' in Franco. Analysis gave - 

Oxide of lin—Sn 0 ,^ 7 S* 3 l 

Lime 14 * 1)1 

SSihca 3 '% 

Aluiniiiu : 

AValer fHil 

Oxide of chromium * 0*52 

Ohmniulu of ])otasfia . i ..... 0*26 

I’otu'ssa and loaa 0-48 

100*00 

! and from tljis has been deduced the following mix- 
ture ; — 

(Ixido of tin 100 

Chalk 84 

Oxido of chromium , . . 1 te 1 J 

Ohromato of potawina . * 8 to 4 

Silica 6 , 

Alumina 1 

o. 
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"Tlie taixturo ttud preparation of the oil for receiving 
the colors is as follows Mix together — 


Old linseed oil ^ 2 gnllons 

Bap© oil 1 quart 

To which add — 

Bed lead 2 onncca 

Flower© of sulphur I ounce 


Place the mixture into an iron cauldron suspended 
over a clear fire until it begins to boil ; the scum which 
rises is then ignited and burnt off, a close-fitting iron 
disc covered with flannel being used to extinguish the 
flames. When the scum is consumed, add gradually 
two ounces more of red lead, and let the scum he 
burnt olf a second time as it rises. As soon as the oil 
is suflSciently boiled to become adhesive and stringy 
to the finger, mix with the mass - 


Burgundy pitch 2 pownda 

Spirits of tar I quart 

Gum mastio 1 ouncu 


' I These ingredients, previously warmed together in n 
1 pan, are added very gradually to prevent ohullitioii, 
the oil being removed from the fire for that puri>oso. 
After the whole has been stirred together for fifteen 
minutes, it is strained off through a hair sieve and 
allowed to cool for use. Other oils are somotimes 
used, but all possess similar powers to the above, 

1 I^inted colors are seldom transferred upon the glaze, 

! but are generally printed upon 8io biscuit, in which case 
j j the addition of a flux is not essential, its place being 
i supplied by the glaze. 

I The process of applying the pattern to the biscuit is 
j as follow : — The design is engraved upon a copi)er 
plate in a broad open style, to prevent the lines from 
running into each other, and forming a binned ap- 
1 pearance. Those portions intended to produce a 
1 shaded effect are cut deci)er to retain more color, 
i ; The ink, wliich is first spread over the surface by a 

I printer’s dabber while the ])lato is on the hot stove, is, 

I after the pattern is well filled in, removed by passing 
I a knife over the surface and wiping with tho boas to 
clean the surface from superfluous oil. The impression 
I ; is tlien taken from the jdato much after tho manner of 
; ; ordinary copperplate priutiug, a similar press being 
I ' employed, 

I ' The paper upon which the irnprossion is taken is 
: of a fine, soft, uniform, and durable nature, nmeb 

I j about the consistency of tracing paper, and previous 
: : to use is saturated with soft soap and well damped, 
i I This particular piiper is manufactured only in the 

I district under Fourdriniek’s patent. In this manner 

j the various patterns are printed closely upon the 

I paper to economize space, their size being propor- 

I tionate to that of the ware intended to receive 

I them. After the patterns are separated by scissors, 

! they are placed with the printed side next tho ware, 

' and rubbed down upon it with tho end of a firmly 

i bound roll of flannel. This is done gently at first, 

j and afterwards more forcibly, until the ink is trans- 

I ferred to the surface of the biscuit. The ware is 

then plunged into water, when the paper is easily 
removed aftdr a short time by the gentle applica- 
tion of a sponge. Accurate impressions by this 
4 


process can only be obtained when both tlio surface 
receiving the transfer and that of ihe. paper bearing 
the impression are fiat. In ordinary manipulations 
the paper has to be applied to a curved surface witli 
a certain amount of pressure to avoid the creasing, 
and this, unless oarefully performed, is apt to cause a 
doubling up and distortion of the pattern. 

From tlie circumstance tliat each differently shaped 
piece of the same pattern, and each piece of the same 
shape, but of different size, such as plates, ef cetera^ 
require a soparato engraved copperplaljp, Uiia becomes 
a very expensive operation— the procei of engraving 
a set of plates ranging from eighty to one hundred and 
fifty pounds for tho full service, even of tho most 
simple design. This exponae is again, increased hy tho 
unequal wear and tear of the plates, and consequent 
frequent reiiroduction of tho pattern necessary for a 
particular piece, such as a plate or saucer, the numbers i 
of which printed, in proportion to other pieces, such as j 
dislios, vegetal covers, ct edera^ is very large, so much j 
so that often a thousand plates of a pattern are thrown | 
off against one cover or dish. , 

A very important cliange in the manipulation as | 
regards tho whole procens of prej^aring the designs, 
Higulating tho sizes, engraving, and reproducing tlio 
plates, has been patented by Mr, William Mackenzie ' 
of Glasgow; an'd tho improvements which ho propose.s 
ai‘e so applicable to the process of decorating clay , i 
wares, as regards not only the exactitude and simplicity ! 
of tho ]Ud(;ess, but also tho economy of production it | 
developew, that ultimately no doubt it will entirely suiter- i 
sedo the present expoiisivo system already described. ' | 
ff’his process may bo briefly described as follows j , 
The intended design is first of all either engraved uj)on 
C(jpj)er or draw’n upon stone, of such a size as to tit 
one of the pieces of the set, say a plate of medium 
size, and from which an imiu’cssion in tninsfer ink is 
taken, and by a i>eciilLar process transferred to the 1 1 
prepared surface of an claslm sheet. 'J’liis sheet is j 

afterwards placed on a frame and extended equally in | 

all directions, until the design is accurately brought to I 
tlio scale required for tljo plate next in size ; while in j 
tins extended condition, the patteni is retransferred to i 
tlio proparctl surface of a zinc plate by the ordinary j 
process of lithographic printing. 1’ho zinc plate, which j | 
has now receiveil tlic p.altern upon tho enlarged scale, ! 
accurately corresponding in every particular witli tho 
original, line for line, is after a little further preparation 
subjected to the cnfjraving process, eUciricity tfiking 
tho place of manual labor, and in the course of six or 
oiglit minutes tho plate is finished, presenting all the 
gradation of depth and tone of Iho original, only of a 
different size. Tho subsequent operation of printing 
may bo greatly simplified, by a chemical preparation of 
the fiurfiiee of the zinc, causing a reaction to take 
place with the oily nature of llie ink which tJien only 
attacks the engraved parts, and loaves tlio surface of 
the plate porf<3ctJy free from tho ink or grease of the 
filling-in process. Tlio facility and cheapness with 
which particular designs can bo reproduced, as also 
the extreme accuracy and uniformity of outline obtain- 
able in repeated patterns, constitute the chief recom- 
mendations of this patented process. 
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After printing) the bis^^t oefiDot immediately be 
glazed^ the oijy hatore ^ the mordant or color-rebicle 
preventing the abaarption the glaze by each portions 
of the ware as are covered by it. It therefore becomes 
necessary to destroy Ihis oily consistency by heat before 
the glaze is implied — a process tochnicahy termed har- 
dening <m* The temperature is raised only sufficieDtly 
to bum the ofl v?ithottt producing any chemical action 
on the color* An oven sometimes employed for this 
purpose is of the sise of a moderate rooni) quadrangular 
in shape, and, arched above. The room, packed as 
closely as possible with wares, is luted up, and a small 
iron box or movable wind furnace, called a davy, 
introduced through a trap in the floor. At the four 
comers of the chamber, pipes protrude through tlie 
roof, and descend nearly to the floor of the room, acting 
as so many flues to distribute the heat by drawing the 
llame from the burning cinders to the sides of the chain- 
! I her. A short pipe is placed in the centre of the roof, 

1 1 the outside aperture of which, furnished with a valve, 

1 1 is connected to those of the four others by levers in 

1 1 such a manner that when the centre one is closed the 

j ! others are opened, and vic^. versd. After the chamber 

1 1 is fired, tliis centre valve is kept closed by a rod of 

1 1 load, the four others b<MDg open. The heal from the 

I stove gradually increasing from below upwards, until 

I [ the temperature of the chamber is raised to the beat 

I at which the leaden rod melts, receives a sudden check 

by tim opening of the centre valve, ^and Jio draught 
being cut off by Iho closing of the four side valves, the 
I ‘ i fire is soon extinguished. Other forms of hardening 

j ! j on kilns are used for the purpose of destroying the oil; 

I ■ j but by such aii arrangement as that just described, the 

I most accurate regulation of heat is attained, and at 

I I very small expense, the stovo consuming the cinders 

' i and waste from the baking kilns. The operation of 

I gh^r.ing then proceeds in the usual manner. 

I ! When the printed pattern is applied to the ware 
j j above tlie glaze, the mordant receives a larger propor- 

tion of gum mastic ; but whore enameling colors are 
used for tlie niuflle, a size is applied to the surface of 
the glaze, composed of spirits of turpentine, with a 
Bumll portion of gum mastic dis.solved in it; sometimes' 
rosin and sugar of lead being added. 

Decoration. — The ornamentation of fine earthen- 
ware by the hand and brush is j)rncti8cd only for 
tlie production of a certain class of designs, sucli as 
flowers, leaves, garlands, dots, ct cetera, and executed 
by artistes expressly trained for that puq^oso, and each 
excelling in a particular branch of ornamentation, such 
AS flowers, foliage, scrolls, and the like. 

In the preparation of the several 'tints used in the 
higher decorations of porcelain and fine earthenware, 
great care is required to regulate the exact degree of 
heat to which the biscuit is raised, with a view to the 
development of tlie required tints in the several firings 
through which the w^ares pass. The following is the 
mode of preparation of the various colors and their 
compounds ; — ^ 

PREPAKATION OF ENGLISH AND FlUCNCIl EnAMEL 

Colors fob Painting Porcelain and Eabthen- 
WABB. — The beauty and success of the 
hues iu the firing depend in a great measure upon 


the purity of the oxides tea wb^. they are pre- 
pared. They sliould, therefore^' l^anipulation 
always pdividually represent the fiatue body boUi 
in chemical composition and molecular arrangement; 
so as to be subject to the same changes under 
similar ciroumstences. For example, the oxides of 
iron, chromium, purple of cassius, gold, platinuiUi et 
cetera, although they may be perfectly pure, are very 
difficult to work if their precipitation has taken place 
too rapidly, or at on improper temperature. Under the 
name of vitrifiable colors are generally classed pig- 
ments, without distinguishing between the coloring mat- 
ter and its base, it being generally supposed that the 
two substances unite chemically by fusion, and form 
a homogeneous base ; this is only the case, however, 
in some instances, as, for example, witli the oxides of 
cobalt and the oxides of co])per,* while in others, on the 
contrary, as the oxides of chromium, the oxides of iron, 
€t cetera, the base is only the vehicle which contains 
the color, and which serves to fix it upon the surface it 
is applied to. In considering, therefore, the preparation 
of tlie colors properly so called, the oxides will be given 
(listinct fiom the bases or fluxes by which they are 
fixed upon tlio surface of the wares. 

Oxides , — Amongst the tdmpk oxides may be classed 
— oxide of cliromium, oxide of iron, oxide of manium, 
oxide of manganese, oxide of zinc, oxide ot cobalt, 
oxide of antimony, oxide of copper, oxide of tin. 

Amongst the oxide,^iixed with earthy mdter, may 
b'v* classed chromate of iron, chromate of baryta, 
chromate of lead, chloride of silver, purjile of cassius, 
umber, sienna, and red and yellow ochres. The mode 
of preparation of these various materials causes the 
greatest difference in the quality of the colors into 
which they severally enter, 

Sesquioxide of Chromium — cJtruim greem — Cr^ 0, — 
is generally prepared for potters’ use by calcining a 
mixture of equal parts of chromate oi potassa and 
sulphur in a close earthenware crucible at a red heat, 
the green mass wliich is produced being well washed 
to dissolve out the sulphate and 8ul])hide of potassium. 
The oxide of chromium which remains is further puri- 
tied by repeated elutriation. 

Guignet has recently discovered — 1869 — a new 
method of preparing oxide* of chromium for coloring 
purposes. A mixture of throe parts boracic acid and 
one part bichromate of potassa is calcined at a tem- 
perature of about 932\ An evolution of water and 
oxygen gas lakes place, and there is foimed a double 
borate of sesquioxide of chromium mid potassa. This 
salt, which is stable at tlie ordinary temperature, is 
decomposed by water, giving biborate of poiassa and 
sesquioxide of chromium ; the latter in the nascent state 
combines with water, and forms a hydrated sesquioxide 
of a rcmaikably fine color. This is ecjiarated from 
the biborate of potassa by decantation and washing, 
leaving a chiome green of a very solid and brilliant 
descrii^tion. 

Sesquioxide of 7ron— FeO. — Tliis is prepared by 
the calcination of green vitriol, upon the purity of which 
the brilliancy of the color in a great measure depends. 
For tlio calcinatiou a thick cast-iron vessel or earthen- 
ware retort is required. Poring the operation tlio 
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I fiulpliate mmt be kept continually etirrecl with an iron 

j i rod ; tlie -powder at first assutnes a yellow hue, pass- 

1 ing into brown, and finally a jjreeniBh brown, which 

i upon cooling clianges to red, a sulphuric acid vai)or 

I being eliminated during the process, which continues 

j until the powder is reduced about two-thirds of its 

I volume. It is then taken from the fire and allowed to 

cool, the red deposit l)6ing thoroughly washed from all 
impurities until the water exudes from the filter 
perfectly tasteless. A red color of a more brilliant 
tone is obtained from iron by calcining togetlier a 
mixture of equal parts of sulphate of iron and sulphate 
1 of potassa in a Crucible slowly u)) to a dull-red heat, 
j Tho pigment is afterwards washed with hot water to 
j remove all impurities. 

! Alum may also be substituted for the sulphate of 
; potassa, or sienna combined witli sulpliate of potassa 

may be substituted for the sulphate of iron j but which- 
i over proc^'ss is adopted, the preparation of the rod 
1 oxide requires very careful nuanipulalion. 

! Oxide of Unmium — Uj 0^ — UranoHo-uranic oxide 
j • — is prepared from pitchblende, which contains from 
I jk, forty to ninoty-five per cent, of oxide, and certiiin ju-o- 
j j portions of Bul]>hur, selenium, phosphoric acid, lime, 

! magnesia, alumina, silica, manganese, vanadium, 

I arsenic, bismuth, antimony, zinc, tin, lead, iron, colialt, 
j nickel, copper, and sih^er. The powdered iiitchbleudc 
I ; is dissolved in warm nitrohydr(j^liloric acid, and, after 

I i all action has ceased, tlie excess of acid is expelled by 
i I evaporation. Q'he residue being heated witlj a small 

I I quantity of liydrochloric acid and water, the solution 
j ' is filtered from the sulphur and silica, and also from 
j ! chloride of lead and silver. The arsenic, lend, and 
j ^ copper, with bismuth and tin, are then precipitated 
I : from the filtrate by Bnlphido of hydrogen, and the soln- 

j tion again filtered and boiled, nitric acid being added 
1 1 to convert the protoxide of iron into sesquiuxide, i 
i ! which ih precipitated bj" super-saturating the liquid 
I wdtli a huge quantity of carbonate of ammonia; tliis 
: throws down the iron, together with any lime that may 
j be present, and the gi-eatcr pari of the cobalt and zinc 
I oxides, retaining in solution the uranic oxide, logetlier 

I with portiogs of the cobalt and zinc, 'file filtrate is 

' then boiled as long as ammonia continues to be evolved, 

; by which means the ihiee metallic oxides, cobalt, zine, 
i ' and uranium are preci}>itate,d, wifli the cx(x*ption of a 
I small quantity of cobalt, whicli colors the liquid rc<l. 

I The precipitate is collected upon a filter and afterwards 

‘ washed, dried, and ignited, till its yellow color changes 

j to a blackish -green ; it is lastly digiaitcd for c.'veral 

* hoins with cold dilute hydrochloric acid, which dls- 

i solves tho two compounds of cobalt and zinc, and 

i loaves the pure uranoso-uranic oxide undissolved, 
j j Manganese— Blnoxidc of -“-MnOj.-— C)iio 

i j of the commonest ores of manganese is found in a state 

i j of great purity in Sweden and other parts. The purest 

I • variety is that knowm in commerce under the term of 

1 j pyrolusito, or black oxide of manganese. 

I Sesguioxide of Manganese — Mrijf 0^ — may bo ol>- 
1 tainod by beating j>urc binoxide of rnaiiguneso in a 
j crucible to rcdocss imtij it cecUfes to evolve oxygen ; 

! or by exposing jirotonitrate of manganese to a red heat, 

; the scaqifioxide remains as a black powder, 

j G 


Protoxide of MuO— may be economi- 

cally prepared by heating chloride of ihariganese to 
redness with twice its weight of carbonate of soda 
and a little chloride of ammonium, i^xhausting the fused 
mass with water when cold; the residuum is protoxide of 
manganese. 

Oxide of Zine—lAiiO — is obtained by distilling zinc 
from clay retorts into chambci'S tlirough which a cur- 
rent of air is maintained, the volatilized metal burns at 
tho high temperatum to which it is exposed, and tho 
oxide is deposited in a series of condensing chambers. 
The hydrated oxide may be obtained by precipitation 
from tho solutions of tho salts of zinc by the addition 
of an alkali. An excess of the alkaline liquid redis- 
solvcs the oxide. 

Oxide ofCohfdt, the ores of which, after grinding and 
roasting, to drive off as much as i)ossil)le the excess of 
arsenic and sulphur, arc dissolved in hydrochloric acid, 
wsometimes witli the addition of a small -quantity of 
nitri(; aci<l. Tho copper, load, silver, arsenu?, antimony, 
et cetera, are i»reeipilated by siilpbido of hydrogen, and 
to tlio filtered solution carbonate of lime is added in tlie 
On-m of chalk, l)y whi(;h nil the iron, alnmina, and a 
trace oi cybnlt aro thrown down, tlie nickel and ccibalt 
I'cniaiiiing in solution. To this solution, which must 
be hot and luMitral, a solution of bleaching powder is 
added in sufficient quantify to jiroeipitato tlie cobalt, 
and the menstruum is then well boiled to rcrn(»ve the 
chlorine as fast as possible. The oxide of nickel i.s 
afterwards precipitated fiom the tlltrate by the addi- 
tion of hydiate of lime, and ebullition. 

Oxide of Ahtlmong — ISbO^. — This is found native as 
white antimony ore, and may bo prepared artificially 
by boiling pulverized antimony with moderately strong 
I nitric acid, until it is converted into a white powder, 
whieli i.s freed from linn excess of acid by rtq)eated 
vvasliii gs in boiling water. (Ine j'.'irt of ]>(j\V(lcrcd 
antimony digested with two parts (-' aqua-regia and 
four ])arts of water, yield Ittvd ])ails (d' antimonic oxide. 
A inixtnre of seventy-four jtjirts antimony, thirly-nine 
of nitrate of potassa, and thirty-four of bisulphatr of 
)'Otas.->a is projected into a red-hot ernciblo, tlie ingre- 
dients lieing added rapidly one after another. The 
lesnltlng mass, afhT boilingiirst W’ith pure water, then 
with w'atev containing i\ small quantity of sul])huric 
aeid, and aftiuwaids with pure water, will be the 
antimonic oxide. 

Oxides of Coj)per — red oxide of coj>j)er — Cn 2 () — is 
piejiared by healing one hundred parts of blue vitriol 
witli fifty -seven parts of carhonato of soda until Ifie 
water of crystallization is cxpclleAl. The residuum is 
afterward.s mixed witli twenty-live parts of copper 
filings, and the mixture finely slumped into a crucible. 
It is then exposed to a white heat for about twenty 
minutes, and after cooling and pnlvcrization, the mass 
is well washed with water. This process yields about 
fifty ])arts of fine colored rod oxide of copper. 

iilfw/i! Oxideof Copper— CnO, — The red oxide passes 
into the jirotoxide of cojqier when heated in the air; 
or it may be coiiveniotitly prepared by exposing a 
mixture ot one part of copper filings and two parts of 
the deliquesced nitrate of copper to the air until tin' 
whole is converted into a basic salt, and then igniting 
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the salt. It commuuicates a gveer;, and somotimes ii 
blue tint to vitreous coin|>ouhds; and Daw has sliown 
that it is the basis of certain colors used by tho 
anciontS) which had been Supposed to contain cobalt. 

Otdde of Tin— SnOj — may be prepared by treating 
the metal with ^ nitric acid. In its most concentrated 
form the acid does not immediately act, but wiU 
violently effervesce with heat upon the addition of a 
few drops of water. The peroxide of tin remains in 
the form of a white iosolnblo powder, and is purified by 
washing with boiling distilled water, and drying at a 
dull-red heat. 

Chrome Iran Ore — FeO Cr 2 Os- — Tho native 
chromate of iron is a compound of oxide of cliromium 
with protoxide of iron, but part of the ferrous oxide is 
replaced by magnesia, and part of the chromic oxide by 
alumina. By analysis tho constituents are as follow; — 

Maj^noBi'a 7-40 

Iron . 

Oxifle of chrouiiuuj r)*J-or> 

• Alumina 

lOO-OO 

Chromate of Baryta — BaO CvOa — prepared by 
dropping a solution of cliroinate of potassa into a solu- 
tion of chloride of barium ; the yellow precipitate must 
be well washed, and is «s insoluble in water as tho 
sulphate of baryta. 

Dichrofnate of Lead — 2 TbO, Qii\ — cl(r*me red — 
may bo obtained by boiling oxide of Ic<i(l, or its car- 
bonate, with an aqueous solution of inonoebromato of 
potassa, or by digesting the neutral ebrornato of lead in 
a dilute solution of caustic potassa. Liebig prepared 
it by adding a neutral chromate to fused nitre, and 
washing tho residuum ; it is an insoluble, scarlet colored 
powder. 

Chromate of Zca J—PbOj'^rOg — idirome yelloir . — 
When chromate ot potassa is added to a solubb' salt of 
lead, both solutions being hot, a fiuecoloiod auh^^lrous 
precipitat<r is obtained; if the solutions arc cold, the 
preciiutate will be i>alo yellow, and will contain an 
equivalent of water. 

Chloride of tSllirr — Ag Cl — is best obtained by 
adding a solution of chloride ot sodium in excess to a 
slightly acidulated solution of nitrate of silver. Tho 
curdy precipitate of chloride of silver rc<]uirea very 
careful washing. 

Flvxe'H,— G eneral Fltix. 

Bod load Fritted to^^ctlicr into a 

, Borax 2 v perfect nud 

Flint 1 ) pounded Jor use. 

Soft Lead Flux. 

Fliut 1 ]• 

ir/t/fe Flux. 

Glass 12 "I 

14 I j.... 

* Flint 9 f 

Bed lend fi J 

Chrome Flux* 

Bed lead 4 ) 

Flint glass J4v Ditto. 

Flint: 1 ) 


Glass 

Borax 

Lead 

Flint 


Furide Flux* 
.. .. 10 


.Q FritM Into a 

y perfeof gla#, ijwid 

^ pounded for ttse. 


Soft Sorax Flux. 

Borax 4 1 

Flint glass 3 V Ditto. 

Oomi^ stone J ) 

♦ 

COLOiits.— White Oixtque Enamel. 

Flint glass 16 ] Bun into mass in 

Ars*euic IJt Hinted crucibles or 

Nitro 1 [ Btiggars in glazing 

^ Bed lead 4 ^} oven- 

Wldte Qpaque Enamd.. 

(Julcined in biscuit oven, 
and of calcine 

added to 2 parts of 

general flux, and af- 
terwards run down 
again in glazing 

b oven. 

Yellow. 

Under glaze yellow 1 

General flux ' 


Oxido of tin 1 

Fehi>ar IJ 


Under glaze orange,. 
General flux .. 


Orange. 


1 


Kctl 


Green vitriol enlcincd to diive off the water of crystaL 
li/atjon, and brouajlit to a pale red tint, and' then 
well washed until perfectly tree from tho sulphuric 
acid. I^re gieut care is re<piired to obtain the 
proper tint, neither too pale nor too dark. 

Of this calcine take 

General Uux 

Chocotntc. 

Same prepanition of vitriol at tho heat of a glazing 
oven, well washed as tlie foregoing, and fluxed. 

t'ftlcme 1 

General flux 3 


JJarh JJrotcn. 


Omber I 

Sienna ^ 

Bed oxide of iuni .... J 
Oxulu of zinc 


Calcine together i»i 
glazing oven, well 
washed, and to 1 
part of calcine add 
2 parts of general 
flux. 


Another Dark Drown. 

Umber 1 part, "I 

Calcined terra sienna IJ parts. I Calcined in gkwing 

Oxide of iron 1 f Jain. 

Oxide ot zinc IJ jiaits. J 

To one part c»f the calx add tlirco parts of general flux. 
Ground for use. 

Ficnch Yellow Droim. 

OxMc.ofth, .... 2J11.8. 

(.-xuU- ..fume .... 2^1, », \ 

Kol o:<iJc ofiiou .. ij lbs. [ 

Another YeWno Brown. 

Oxido of tin 3 p.arts.'J 

Oxide of zinc 2 parts, vin glazing kiln. 

(.Ixidc of iron 2J parts. ) 

To ono part of tho above add three parts of general flux. 

Base for Coiiyer Green. 

Flint glass 12 q 

Bed lead 27 { „ , . , , 

Borax ^ 9 1 'u glazing 

Flint. (5 f 

Oxide of copiK-r 2 J 

7 





. — > ».y 


VOTTW^Yr>^EAsmmifrAWi~’Corm&, . 



C»l(^wd ttmb«r 
Blue qobalt calx 
glasA .... 
Bed load .. ..,. 

Borax 

Flint 


Calcine in lain, and to 
every 4 parts add 3 
' mrts of general 
flux. 


An0iher Btach 

Black oxide of cobalt 2J 

Turkey umWr . ^ , . . . ’ . . a if 

Boft 1»oi«UL flux 7 ‘4 

Another Mach. 

Black oxide of copper 1 part. 1 
Oxide of ooball .... 1 part. ) Calcined in glaxing 
Oxide of mauganese 1 port. ( oven. ^ 

White flux 10 parts, J 

To four parts of the above add one and u half ports of Tvhitc 
flux,. 

White 3mmcl. 

Flint glass 20 *] 

Rod load 6 I Run down in glazing 

Nitre U ( kiln. 

Arsenic jJJ 

SometixneB an addition of the oxide of tin. 


Bhi£ Green. 


Base as above . 
White enamel . 


10 parts. 
IJ parU. 


Yellow Oreen. 


Bane 10 parts. 'I 

Enamel yellow . l.'i parts. >Run down. 

White enamel .... 1} parts. ) 

Chocclafe Jfronm. 

Ssrc?..::.: 

JOee^ Mm, 

Flint gloBS 4 parts.'! 


Flint gloBS 4 parts. 

Bed lead 1^ parts. 

Pearlash l-IOtii pari. 

Muriate of soda.. 1-L6tli part. 
Carbonate of cobalt. . 4 part. 
White enamel J port. 


Run in glazing kiln. 


Run down at a gentle 
heat. 


Mat Mtie. 

Carbonate of cobalt . . 2 parts. I 

Oxide of zinc 2 ])arfp, J- Run in glazing kiln. 

Borax flux 4 parts.) 

i’o two parts of the above add one part of borax flux. 
Run down at a gentle heat. 

, liich Chrome Red. 

Chrome flux 2 parts. ) 

(Arisen from Oxide of Chrome. 

Oxide of chrome green 3 I>«rts.-[calci„,..l et high heat, 

Carbonate of cobalt . . 1 part. V . ,, 

Felspar 2 parts.) washid. 

To one part of the above add four parts of soil borax flux, 
Run down. 

Various tints of green obtained by the addition 
enamel yellow, previously given. 

FaSNCll ENAMEL OOLOUS. 

Fluxes. 

No. 1 , — RocaiUe Flux, 


! parts.) 

Oxwle of Chroim 

I part. V , 

! parts.) 


f‘d at high heat, 
well washed. 


Bid lead.... 
Band 


r Run down at low heat. 


No. 2 . — Grey Flux. 

RetUesd 66)^ 

Sand 22 vRon down os above. 

Calcined borax 12) 


NO. 2 8. 

Red lewl 60) 

Sand ..... ,1$ vBvn down At low heat. 

Borockacid 25) 

No, Z.r^Oarmne Flux. , 

Red lead 12) , ^ 

Sand 33 vRun down as above- 

Calcined borax . . , . ^ 55) 

No. 4.— Flux. 

Bed lead 36) 

Sand 14 > Run down as above. 

Boracic acid 60) 

No. 5,^ Violet Flux. 

Bed lead C8 ) 

Sand 6 >Ruu down as above, 

Boracic acid 27 ) 

No. Q.-^^Oreen Flux. 

Red lead 73 ) 

Sand 9 vRun down as above, 

Boracic acid 18) 


FKENCH COLOI 18 . 
JOiirh Orey, 

Carbonate of cobalt 61 

Oxide of zinc Iru 

Yellow oxide of iron 13 ( 

Flux, No. 2 or No. 2 B . 08 J 


Run down at low heat. 


Rus9e.t Grey, 

Carbonate of coball O’) 

Oxide of iron 3 I Run down to the tint 

Oxide of zinc 3( required* 

Flux, No. 2 88) 

Mack Grey. 

Carbonate of cobalt 10) 

Oxide of cobalt 5 >Ruu down. 

Flux, No. 2 85 ) 

Rroion Plaek. 

Carbonate of cobalt 16 ') 

Oxide of iron 8 LTvutft 

Fl^x for^groys, No. 2 0 1 J 

Iridium Black, 

Sosqnioxide of iridium 25 

Flux for greys, No. 2 * . . . 75 

Dark Indigo Blue. 

Carbonate of cobalt 141 

Carbonate of zinc 20 vCalcined in kiln. 

Flux for greys, No. 2 60) 


I Ditto. 


Shy Blue. 


Carbonate of cobalt 7 ) 


Carbonate of zini. 
Flux, No. 2 


14 Ditto. 
79) 


Blue Green. 

Oxide of ebromo .50 ) 

Carbonate of cobalt 25 vCalciued at a high h^t. 

Carbonate of zinc 2.5) 

To twenty-five parts of the above add sev^enty-flve parts of flux, 
No 3 or No. 6. 

Oromid for use. 

Clear Yellow, 

Antimoniate of potassa .. 12) 

Carbonate of zinc C nf 

Oxide of iron 2 r®”“ 

Hnx, No. 2 or No. 2 S .. 80j 

Jonquil Tdloio. 

Lead and tin ashes 8) 

Calcined carbonate of so<ld 3 I ^ 

Antinioniate of potoHsa .. 3 P"* 

Flux, No. 1 80 J 


Mix and ran down. 





Bun down. 


Okr(im^^V0^ .> 

fedteSj!!*!??.:::':::: 5)»n«4oimtog«fl»r. 

T/ramm 

Oxide of nnmitmi ...... t . ^ 

Jlowaiteflux,po.i 

Med, 

* Bed 03(ide of front prepar^ from milplMte of iron 1>7 genite 
caloination to tko reqoirod tint. 

To twentv^ve parte of tile above add seventy^ve parti of 
« or No. 2 8. 

8ej^ Mrevm, 

Bed oxide of Iron 12 ' 

Oxide of xinc 12 

Carbonate of oobaU 3 

Fiux, No. 2 or No. 2 8 . . 70, 

' MumiMraum, 

Oxide of iron 12') 

S;^S.Sr::::::;:::;:'! 

Flux, No. 2 72 J 

Various tints of green are produced from tho oxide 
of chrome, with the addition of yellow as given. 

Carmine^ purple^ and rose colors are from the purple 
of cassius, prepaid by precipitating gold from the 
solution of aqua*regia by nitromuriate of tin ; to which 
precipitate is added a small proportion of chloride of 
silver, and the fliix*^No.. 3 for carmine, or No. 4 for 
purple — in proportion, according to the heat required 
in the process oi firing, to produce a fine tint. 

ParpU of Cassius- 

The adds used for the solution of gold for this process are, 
hydrochloric and nitrous 1 *41 — three parts oftne former to 

one part of the lattor. Ten pennyweiijhts of the above aqua 
regia will dissolve one pennyweight of fine yellow gold. For 
tho BoUition of tin, twenty pennyweights of nydrochloric acid, 
ton pennyweights of nitrons acid, ana twenty pennyweights of 
pure water, dissolve in those quantities ten pennyweights of 
well CTanulated tin. The tin must be added by small pieces, 
each being allowed tiiue to dissolvH^ before more is added, and 
so on to saturation, wlieu the solution, if properly jierformed, 
should assume the clear and bright color of brandy. Groat care 
is required for the performance of these processes. 

Many other forms aro given by varioua-authorH, each 
preferring their particular methods. The solutions 
here described having been prepared, the processes 
will be now given. 

Into a vessel of sufficient dimensions pour two quarts 
of good pure water, into which the solution of gold is 
to be poured, when it will, in its diluted form, assume 
a pale straw cc^; into this the solution of tin is to bo 
carefully adde^ and stirred continuously with a glass 
spatula until the cassias Vwell formed, and the pre- 
cipitate should be of a brilliant carmine tint. Time 
having been allowed for the cassius to subside, the 
water is to be carefully removed by a syphon, and 
washing continued, by changes of the water, until the 
cassius is perfectly free from the acids. cassius 
must then be carefully collected on a filter, aod, whilst 
in a moist state, is ready for further use. 

Moss C<dor, 

The easBlns, with fifteen graine of Bilver and sixteen otmeeB 


im 

Flint . 

Muss, 


PflTSX * - . 1 . T 



Bed lead ... . 


2 parts. 

jqiut ' 
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Flux...; 

Furple flux i» already given. ^ 

Fine earthenware, although chiefly confined 

Staffer is also made in oonsiderablo 
quantities abroad— in France, in the neighbortmod of 
Paris, at Bordeaux, Saorgemtind, et ceti&ra; in Germany, 
at Meitlaoh, near Saarbrflek, and Poppelsdorf, XkCar 
Bonn. Earthenware is also made at Baireuth, Aschaf* 
fenburg, Kolsterbach, td cetera^ and at Oarjsbad in 
Bohemia ; at all of which places several kinds are 
produced simultaneously with the fine earthenware. 
The differences in the manufacture are confined chiefly 
to the manner of preparation of the clay, the composi' 
tion of the glaze, and the ornamental decoration. At 
Mettlach four varieties are manufisetured. 

1. Stoneware^ composed of plastic clay frofia the 
[ Paljitinate, ground quartz from Oberwald or Bcrn- 
I castle, calcareous tufa from Sierk. The glaze con- 
tains lead, and the ware has a yellow tint. 

2. Yellow or Nanhin-colored earthenware, composed 

of grey plastic clay from Vallondar, near Coblentz, and 
clay from Eifol, which bums yellow. The glaze con- 
tains lead. « 

3. Hard Stonmarej containing plasUc clay from 
the Palatinate; and ground quartz and gypsum from 
Luxemburg. Tlie glaze a tolerably hard lead glass, 
containing boracic acid.. 

4. Porcelain Stommare^ containing plastic clay 
from the Palatinate and from Vallondar, with ground 
quartz and bone ashes. The 

glaze free from lead, and com- ^*3* <848 k. 

I posed of borax, alkali, and fel- 
[ spar. 

Amongst the varieties of fine 
earthenware may be clai^d tho ] 

peculiar manufacture of clay S 
pipes- The clay used in the con- [ 

atruction of these requires ex- j 

treme plasticity, together with a I 
certain amount of porosity upon t 
firing. Tho plastic clay found in 
the layers forming the basis of k 

tho clay deposit, is used without p 

the addition of a flux, but to in- ^ 5 

sure tlie perfect unifonnity and 1 
pliability of the mass, great care F 

is taken with the kneading and J| fl 

slapping processes. Il || 

The manufacture of tobacco 11 |J 

pipes, in consequence of the im- 
mense demand for them, is one 
of considerable importance in 
the potter’s art. ^om a pre- 
pared lump of the clay the H 
moulder separates a number of 
pieces, each sufficient fqy the con- 
struction of WPf I foils them out on a table t^o at k 

time, one hand^ ^ n^ form and dimen- 

' "''""If 5 M *1* 
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sioQfi of th^ luteodod thinnoir portion having 

rather more than the thickness of the future tube, 
whilst the bulboug portion at the end is somewhat less 
in diameter than the bowh When these rolls have 
become sufHoiently hardened by exposure to the air, a 
second workman receives them in bundles for the 
operation of boring tbe tube by means of ati oiled wire 
mounted in a wooden handle, With his left hand he 
forces forward the oiled wire, whilst the thumb and 
forefinger support the Toll, and with a kind of feeling 
motion guides the point of the wire very accurately 
along the axis of the roll. The point of the wire is 
rounded like a button to facilitate the operation, which 
is performed witlj surprising celerity. 

The whole length of the pipe is not pierced at once, 
an inch being left unbored, and the unfinished pipe 
with the wire is placed in the half of the copper mould, 
a, h — Fig. 484KK--' previously brushed with oil to give 
smoothness to the stem upon removal. The two halves 
of th^ mould, closed accurately together by means 
of pins, are then placed in a frame—Fig. 484ll — 
and the edges kept in contact by the screw vice, a. 

FIff. 484ll. 


but for firing long pipes, ring-fomed projections upon 
whicli the l^wls the pipes reBt,,iar6 made on the 
inside of the seggara, a grooved column in the centre 
siipporting the ends of the stems, which, when pro-^ 
jeering above the seggar are protected by Conical 
lid. In London the clay-pipcs noted for elegance of 
form are fired in a close kiln— Fig. 484mm:— shown in 
sccrion, and from which the flame and smoke of the 
' fire are totally excluded. The bottom and sides of 

Fifir. 434tUf. 



The stem is tlius shaped in the mould, together with 
any impress or name that may have born cut uf>on 
it. The bowl of the pipe is first roughly fijimod by 
the introduction of tlio finger, and aftenvards completed 
by the insertion of the plug, b, into the mould. Upon 
opening the mould the operation of boring is com- 
pleteu, the small poUot of clay w^hich precedes tlie 
wire being removed by a little hook attached to tlie 
handle of tlie knife used for forming the jedges and 
bowl of the pipoi which is done by removing the 
superfluous clay. Finally, the rim of the bowl is formed 
by the small coi>per mould, c. When the pipes have 
been removed from the moulds, and the wires drawm 
out, any ornamentations not given by tlie pipe mould 
are added by means of roulettes and stamps. The 
pipes are then laid out to dry, the .sutures removed 
with a sharp knife, 'and polished by grooved agates. 
When Uie stem of the pi|>e is required to be curved 
instead of straight;' the two extremities only are 
supported upon the drying boards, causing the centre 
to sink down. The number of complete pipes pro- 
duced by a good moulder will average five hundred a 
day, notwithstanding the number of operations each 
pipe has to undergo. 

The white color of the pipe being an essential 
requisite, requires that they be fired in seggars. When 
the pipes are short, and there is little risk of fracture 
or bending, aS many as possible, are placed iu the 
seggar without reference to any particular arrangement; 

10 



the kiln are constructed of similar material with tlje 
pipes themselves, the refus^l^d fragments of old pipes 
being woikcd up for this purpose. This close kiln, a, 
is supported over the fire-plaec, 6, by the brackets, <?, 
a space of several inches being left between the 
sides of tlie kiln and the outer casing the fire-brick, 

c, and the wdiole inclosefl hy the h(/vcl of brickwork, 

d. The flame circulates freely in the intermediate 
space between the kiln and casing, c, supports being 
introduced at intervals to keep the kiln in its proper 
position, and which, being connected together by 
occiisional apertures, serve at the some time tbe pur- 
poses of flues to regulate tlic direction of the flame. 
The opening,/, in the lining of the kiln, c, for the 
introduction and removal of the pipes, is closed dur- 
ing firing by an iron door luted with clay. The 
corrcBponding opening in the kiln itself Is plastered 
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up aftaj? daaxgiug with (jay aud broken fragments of 
pipes. The pipes are Bepppttad iu the khn by rings 
of clay, g g^ surrounding the sides and the central 
bearings, m m, the weight of the whole charge bobg 
distiibutod between the sides of the kiln and the cen- 
tral odumn, bo as not to bear upon the lowest layer of 
pipes. These kilns vary in size^ and sometimes hre a 
hundred gross of pipes at once. The iinng lasts from 
ten to fourteen hours, the temperature being gradually 
raised to the full intensity required for baking. The 
fuel used is coke, and a Small opening, r, is left in front 
of the kiln to enable the workman to judge of the 
interior temperature. 

The porosity of the biscuit causes the burnt pipes to 
absorb water with avidity, and to adhere in a very 
unpleasant manner to the Kps. The ends of tlie stems 
are therefore either rubbed with a mixture composed of 
gum, soap, and wax, or coated with resin or shellac. 
Sometimes they are glazed by dipping into a very fusible 
load glaze ; the covered ends being afterw4atd8 exposed 
to the dame of the furnace for about ten minutes. 


Cmmm Ea/i^hm'wasni or Ddftmgih ^ 
hy its extreme opacity, its open porois^ 
soft texture; in fracture it is earthy^ 
while, instead of a transparent glaXe, it Is odated udth 
enameL 

lu the composition of the mass, certain 
of potter *s and plastic clay, clay marl,«aii4 <|uartz pt 
sand, will always be found— -these constituecds vary- 
ing in their nature according to the dlderent locaKties 
in which they occur. Thus Paris earthenware con- 
sists of— ^ 

Plastic clay from Atcucil, S 

Greenish clay marl, 30 

White calcareous marl, gg ^ 

Yellowish marly sandf 28 


Still the various combinations edways contain a mean 
proportion of clay, silica, and carbonate of lime, as wUl 
be seen by the following analyses of earthenwares from 
various localities ; — 


Doftcrlptlon of «arUienwAr«. 


Majolica,. 


Manasacs, near Valencia, . 
IMft, 


From K avers. , 



AlumlnA. 

lima. 

MaffnevtiL 

Oxide of Iron. 

OwrtKmle netd 
and low: 

Umnaike. 

. 49*65 

... 15*50 . 

22*40 

... 0*17 . 

... 3*70 . 

. . 8*58 . . . . 


. 48*00 

, . 17*50 . 

.. 20-12 

... M7 . 

.. 3*75 . 

. . 9*46 . . . . 

. 46*04 

... 18-45 . 

. 17*64 

... 0*87 . 

. 3*04 . 

13*96 .... 

CD 

. 54*71 

... 18*80 .. 

.. 19*69 

. . trace . 

.. 2*20 .. 

. . 4*60 .... 

o i* 

. 49*07 

... 10*19 , 

. 18*01 . 

... 0*82 . 

, 2*82 . . 

.. 13*09 .... 

i'i 

. 48*54 

... 12*05 .. 

19*25 . 

... 0*30 . 

.. 3*14 .. 

.. 16*72 .... 

. 47*96 

... 15*02 , 

.. 20 24 , 

... 0*44 . 

. . 4*07 . . 

.. 12*27 .... 

1 

. 50*49 

... 19*23 .. 

. 14*96 . 

... 0*71 

.. 2*12 

.. 6*50 

. 61*50 

... 12*99 .. 

16*24 . 

... 0*15 .. 

..8*01 .. 

6*10 .... 



Tlie mean of those proportions corresponds nearly 
with equal parts of silica, pipe-clay, and carbonate of 
lime. These analyses likewise show that the greater 
portion of tha carbonate of lime has been decomposed 
by the silica during firing, the amount of carbonic acid 
contained in tlie vessels being far too small a quantity 
to combine with tlie whole of the lime. All kinds of 
delftware melt and swell at a high temperature into 
the form of a dark-brown or green glass, without 
becoming translucent. Tlio liability to crack, wberi ■ 
exposed to sudden variations of temi)crature, is likewise 
increased by the large amount of marl in the mass. A 
coiTespoudiiig increase of pure clay diminishes the risk. 

All the ingredients for delftware arc suspended in 
water, and mixed in the slip stale ; the mass being 
brought to the proper degree of consistency for work- 
ing by evaporation in slip kilns. The operation of 
forming or moulding upon the throwing-wheel is one 
01 extreme rapidity from the great jdastieify of the 
mass; the finishing processes being afterwards per- 
formed upon the lathe. Sometimos plaster moulds are 
employed; but, in every case, the proressos are the 
eame as those already described. 

Firing . — Delft earthenware, like fine earthenwarCj 
is fired twice; the first baking producing the biscuit, 
which, after receiving the glaze, is fired the second 
time. Both these operations are carried on in similar 
kinds of kilns, which are generally upright reverberatory 
furnaces heated by one Or more fire-places, after the ! 
manner of those already described. In the firing, the 
wares of bettor quality are protected from the flame by 
inolo&ure in seggars, while the commoner kinds receive 


support in the kiln by clay slabs specially prepared for 
this purpose, and arranged in separate layers or,flootB, 
between which the wares are placed so as to afford 
free circulation to the fiamc. The pieces are separated 
from each other in the seggarS by triangles and pegs, 
as already described. The first firing lasts from fifteen 
to sixteen hours, and the second for burning on the 
glaze fiom twelve to fourteen hours. 

The temperature of the kiln averages about 27® 
Wedgwood. The mass shrinks in the baking from 
ten to twelve, fourteen, or even fifteen per cent, 
according to its composition. 

The analysis of common delft earthenware is as 
follows : — 


Alunn’na and scsqnioxido of iron,. 

Silica, 

Lime, 


Specilic gravity, 


The glaze or enamel is composed of quartz-sand, 
soda, common salt, and a tnixtur^ of calcined tin and 
load. The two metals are raore ^easily oxidized when 
mixed ; the oxide of ti»i produced — Sn 0^ — acting the 
part of an acid to the oxide of lead — BbO. The mixture 
is prepared by placing the lead with about one-fourth 
of tin in a special furnace, where it is exposed to heat 
and a current of air. A yellowish ash of tin and 
lead is formed, which is carefully calcined to oxidize 
thoroughly all the metallic partidcB. This metaBic 
asli is mixed to form the enamel in the foBowing {(k)- 
portions : — 
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teed Bad tiu 
gaud, ...... , 

Salt, 

Bed . . i , • 


Ko. i« 

100 

0|}«rt8« 


All sand for opaque 

te ebouiid be 
witb soda 
aa follows: — 150 
sand to 100 soda. 


Lead a^d tin 

BodiOi « • Hhf.. 

Salt, 

Cormsb stone, .... 


Oaldbed sand, 

Soda, 

Tin Bslies, . . . , 


■So. 8. 


32 parts. 
0 parts. 
5|iaiis, 
25 parte. 


' Fritted together, with 
the addition after* 
wards of 50 pounds 
. of wliite lead* 


Ho. 3. 

( Fritted together, with 
the addition atter- 
wards of 100 
pounds of white 
lead. 


Ho. 4. 


Best earthenware glaze, 10 quarts. 

Oxide of tin, 40 oz. 

White lead, 00 oz. 


Tlie larger the proportions of tin in the ash the 
harder the enamel produced, and vice vered. The 
frit, ground and mixed with water, is applied to the 
wares in the usual way. 

Jkfajolica ware— *tlie revival of which in this country 
is duo to Messrs. Minton, under the direction of 
M. Arnoux. The body consists of a soft calcareous 
clay, or common delftware body, gently fired and 
covered with an opaque enamel composed of sand, lead, 
and tin, forming an excellent surface, upon which tlie 
decorations in color are aftei-wards i>ainted by hand in 
the various preparations and fired into the glaze. ' Very 
elegant cisterns, vases, flower stands, cetera^ arc now 
produced in this ware ; it is also applicable for the pro- 
duction of friezes and other architectural ornaments. 
It likewise afiords a cheap material for enamel painting, 
the brightness of tints attained being equal to that pro- 
duced upon copper. The mode of production may be 
tlius described : — The ware, after formation in the usual 
manner, is twice fired, first for the biscuit, and after- 
wards to receive the enamel or basis for receiving tlie 
color. In this state it is taken to tlie decorator, who 
with Ips brush paints on the several pigments prepared 
for the purpose, the ground color being only laid upon 
such .portions as are to be covered, and the several 
ornamentations added in the same way, each only 
receiving its particular tint. Great care and nicety are 
required in this manipulation to prevent the unequal 
blending of the colors at the edges. Sometimes a 
shaded effect is given to the ground or ornamentation 
by the running of the colors into the hollows of the 
pattern, causing in the firing a greater depth of tone. 
At other times color is laid Over the first ground, and 
a pleasing blended effect is produced by tlic running 
together of the enaigels in firing. After the decora- 
tion is completed in this manner, the piece is taken to 
the muffle^ where the colors are all burnt or fired into 
the glaze, giving that rich solidity of tone and lustre so 
peculiar to majolica ware. The proportions for the 
enamd are here given ; — 

JEKAM2L OLAZINO TOR ItAJOLlOA WAKX. 

No. 1. 


Lead, 

Tin, 23 


Calcine together, and take — 

12 


Calcine, 44 porta* 

Band,^ ports* 

lied lead, U* U 3 porta. 

Mlt, eporio. 

fiodo, BportA 

No, 2. 

I^eod, : m 

Tin, 13 

Golciue, ond toko— 

Calcine, 47 porta. 

Sandy 47paria* 

Salt, 3 porta* 

Soda, 3 porta* 


No. S. 


L«ad : 77 

Till, 23 


Caloine together, and take 

Calcine, 

Send. . . 

Bed load, 

Balt, 

Soda, 


45 portfl. 
45 parts. 
2 ports. 
5 ports* 
Sports. 


No. 4. 

Lead, 82 

Tin, 18 

Calcine together, and take^ — 

Calcine, 45 parts. 

Sand, 45 parts. 

Salt, 7 parts. 

Soda, . 8 ports. 

All tliese compounds are fused together, and some- 
times yield a blackish mass ; but when ground and 
applied to the wares, they appear aa a white enamel 
glazing. 

The iollowing are tlio colora ajipHod to them: — 
YeUow, 


White enamel glazing, 91 parts* 

Oxide of autknony, 9 parts. 

Blue, 

White enamel glazing, 95 ports. 

Cobalt calx, 5 parts. 


Qree*4, 

White enamel glazing, 95 parts. 

Oxide of copper, 5 parts. 

Yellow Green, 

White ensmel gta/iog, .......... 94 ports. 

Oxide of copper, 4 parts. 

Naples yellow, 2 ports* 

Violet. 

'White enamel glazing, 96 parts. 

Peroxide of manganese, 4 parts. 


Other colors arc merely inodificatjoas of these, with 
other compounds. 

The white glazing of some of the modern majolica 
is composed of felspar, borax, and the oxide of tin. 
1'his glazing, as well as the colors, is frequently applied 
directly to the biscuit ware, which considerably reduces 
the labor of ornamentation, without detracting from 
the beauty of the manufacture. 

Oebinauy PorrsitY, such as is now eveiywbere 
produced, is intended to afford the less wealthy classes 
cheap utensils, tliat are impervious to UqmdSy and which 
at the same time will hear phmges tmparoiare^ so 
as to admit of general domestic use; Ordinaiy 
tery is made in almost every locality, and^ th^eforci 
of necessity, from very different kinds of olay« Its 








extreme oheis^psesd oMigofi lie w of those hlsys that 
can be i^btamcd at l^t e^||>ei^» 6»ch as potter's 
cky, marl, et ckfirOf aad the appUcatiou of the most 
ordinary methods of moulding and iBriiig. From the 
drcmnstance that ordinary pottery is generally manu« 
faotured by a. class of persons without, the means and 
Qpportimities of introducing improvements, Uie advance 
of the manufacture is ^ow; the waste of fuel in 
badly constructed kilns is frequently a source of great 
loss, while many of the clays worked into the mass 
will not withstand a ouffioieutly high temperature. 
Ordinary pottery is, therefore, always fired at a com- 
paratively low heat, which renders the mass porous and 
of low density, and necessitates the use of a glaze. As 
the temperature required to burn ou this glaze must 
bo lower than that which would cause the fusion of 
the ware, it is generally a lead glaze, and of a very 
fusible nature. This glaze is always transparent, no 
attempt being made to conceal the body of the ware, 
which is generally of a dirty-red, yellowish-brown, or 
greyish color. The glaze may either be colored or not, 
the rude paintings with wliich ordinary potters’ ware 
is sometimes decorated being produced by glazes of 
diflerent colors, the one forming the ground and the 
other the ornamentation. In general, a very low style 
auf art pervades the tone of tins class of clay wares, 
though occasionally cjcccptions are met with, such as 
the wares produced at Marburg, wbero the brown 
colored vessels are neatly ornamented with floral 
designs, that appear to advanbige through the light 
yellow glaze, | 

In t^ie preparation of the mass two operations only 
are required — one, the mixing the clay with the neces- 
sary amount of water to bring it to the proper consist- 
ency, and during which operation the clay is frequently 
stirred and turned over to render the action of the 
water uniform ;^the other, after evaporation, is the 
working the mass into lumps, and the removal of 
all knots, stones, et cetera^ by the aid of the wire, as 
already described under Karthemoare, Clay, when of 
good quality, is easily worked upon tlie throwing 
wheel, and docs not shrink so much in the kiln as to 
cause cracks, besides possessing the qualification of 
carrying the glaze. Those properties, which cannot 
be previously determined, are all matters of experience, 
diirerent clays being frequently mixed together for that 
object, with the addition of sand to dimiuisli cunirac- 
tion when the clay is too fat 

The glaze in use upon ordinary potters’ ware is an 
aluminous lead glass prepared from litharge or gahjna, 
which in the firing forms oxicle of lead and lead salts, 
the former combining with the silica. 

The substances containing the lead are finely ground 
and mixed in proper proportions with loam, or if a 
transparent colorless glaze, with sand. When color 
is required, metallic oxides are used as pigments — 
oxide of copper for green ; manganese for Irown and 
Uctek; zaffVe for blue; red antimony ore for yellow; 
and iron for red^ et cetera. 

The glaze is generally applied to the surface of the 
ware either by coating or sprinkling the moist vessels 
with the glaze powder, the operation of dipping bemg 
iu general too expensive for this kind of ware. 


The proportions between the oxide ^ksa 

in ^e glaze are very variable, ::being 

generally allowed in the furnace for ttte # lead 
to beoom^ fuU^ eaiuraied with s^ca, ; is 

die case when the heat of the fumane has been 
sufficiently intense, is demonstrated by following 
results of experiments made on twelve V;|ssek sjiecuffiy 
marked, and afler dige^d for some time m di^ 
tilled vhi^;arf^> 

Those too hard fired gave no indicatiemB of lead* 

! Those hard fired gave no iiidioAtioas of lead. 

I ^'hoee wed fired gave ia some caftes only tracoB of lead. 

Those iU fired gave in every Oaso itidioatioas of load. 

In badly baked ware, therefore, acid liquids upon the 
first application dissolve the oxide of lead which is 
uncombined, ,or only in weak combinalion. Tlic 
timount of lead so dissolved, however, is very small, 
aud the application of lead glaze to tlie wares is not 
attended with any danger to the consumer, notwith- 
standing the great outcry that Was raised against its 
use as engendering endemicol diseases. 

^ Often glazes free from lead are used, especially in 
Vienna, where the glaze contains — ^borax, one hundred 
pounds ; felspar, fifty pounds ; loam, fifty pounds. In 
Bavaria the glaze consists of the slag from the smelting 
furnaces, a trans])aront mass harder than glass, and 
which gives sparks when struck with steel ; in color 
it is cither bottle-green or light and dark blue passing 
into green ; it is not acted upon by acids. In tlic 
analyses made by Beiksce it was found to comdst 
of— 

Oxygen. 


Silica, 

Lime, 

.. 65-00 .. 


93-70 in the fdlioS. 

, 12-35 .. 

.. S-SSI 


l\raguerin, 

. 2-r.r) .. 

.. 0-99 

7‘37 in the boBeB 

Potasisa, 

. 2-00 .. 

.. 0-34 

MO. 

Protoxide of iron, .... 

. 6-00 

.. 1-50 J 


AJmniuA, 

. 8-00 .. 

3-731 

t 5'OG in the bosea 

Oxide of manganetse, . . 

. 4*45 . . 

99-36 

.. 1-33 J 

r Ma Oa* 


Although not identical with bottle glass, it is nearly 
allied to it. This slag is ground up wnth water, and 
applied by pouring it over tlic ware, previously coated 
ou the outside by immersion with a thin film of loam, 
to give the red-brown tint The high temperature 
required for the fusing of tliis slag, is one of the chief 
objections attending its use and general introduction 
as a glaze. 

The kiliu in which ordinary potters’ wares are fired 
are long, horizontal, reverberatory furnaces with one 
fire-place, from which the fiames traverse the intro- 
duction of the ware, the smaller pieces in lengthwise 
towards the chimney situated at the opposite end, aud 
in which is the aperture for charging the kiln being 
placed inside those of larger dimensions. As the tem- 
perature of tho kiln diminishes rapidly towards the 
chimney, a proper disposition of the wares is necessary, 
those coated with the more fusible lead glaze being 
placed where the temperature is lowest. The waxes 
are all exposed to the direct action of the fiames, pre- 
caution being taken to prevent their adhesion together 

la 


Corresponding veiy closely with the formula — 
4 (MO, SiOa) -f (M* Oj, 9 SiOa). 
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iij the fijsion of the glasne. Further descrijition or illus- 
tration of the ordinary potter’s loin is here unnecessary, 
, the wares being frequently fired in the same kilns with 
stoneware and an account of which will be found 
under the article 

Tlie application of glaae to common pottera’ ware is 
sometimes omitted, as in the case of articles for which 
rapid absorption or evaporation is necessary, such as 
water coolers, sugar- moulds, bintcr-dishes, flower-pots, 
et cetera. 

The cooling bottles and vessels used for holding 
liquids illustrate well the tise tlmt is made of the porous 
nature of unglazcd clay. Their cooling properties 
arise from the permeation of tli© liquid tlirough the 
pores of the ware to the exterior surface where, by 
exposure to the air, it is evaporated with great rapidity, 
maintaining the interior liquid at a temperature several 
degrees below that of the sunounding atmosphere. 
The. porosity is sometimes increased by tlio admixture 
into the mass of substances which will be destroyed in 
tlie kiln, leaving minute pores through the body of the 
ware; a similar effect is produced by a low temperature 
of the kiln during firing. 

Lustre ware is a class of common pottery which 
receives upon the glaze, after firing, a very thin, deli- 
cate, and brilliant coating of metal, burnt in by a subse- 
quent process in a muffle. The reduction of the metal 
is effected either by some ingredient in the aolutiiui, or 
by a reducing atmosphere through the action of heat. 
Sometimes the lustie imparts color to tlie glaze, as 
well as the metallic coating, an effect of the extreme 
tenuity of the coating and partial oxidation of the 
metal. 

This effect, is produced in a remarkable manner by 
the gold lustre^ which is obtained by precipitating a 
solution of gold in aqua-regia by means of ammonia, 
the precipitate, winch is fulminating gold, being mixed 
while moist with essential oil of turpentine. In tin's 
state it is applied to the surface of the ware, and fired 
in tlie muffle, the lustre being brought out afmrwards 
by friction with linen. 

Another preparation for the gold lustre is as follows: 
— Two pennyweights of gold, dissolved in twenty-live 
drachms of aqua-regia, with about sixty drops of the 
solution of tin ; the solution being gradually added to 
six ounces ol balsam of sulphur, hito which a pint of 
spirits of turpentine is slowly added, constantly stin ing 
until the whole mass is smooth. 

Platinum Steel Lustre is formed from a solution of 
bichloride of platinum in ammonia, mixed by moans of 
a glass rod with spirit of tar^ composed of equal parts 
tar and sulphur, boiled in linseed oil, and filtered. 
Tlie mixture is spread upon the piece, and fired in the 
muffle, great attention being paid to the temperature 
of the kiln. If Abe platinum solution is too strong, it 
is reduced by the addition of more spirits of tar, and 
if too weak, concentrated by evaporation. Jf the wares 
come out black from the kiln, friction with cotton restores 
the proper color. 

Silver Lustre^ which has a silver white hue, is also 
obtained from platinum, dissolved in equal parts of 
muriatic and nitric acid ; the. saturated solution is 
poured into boiling water, and a yellow precipitate of 
U 


the metal is obtained by pouring this mixture into a 
warm solution of salamijponiac, which, after being well 
washed with water and dried, is applied in the usual 
way to the surface of the ware by means of a flat 
camel-hair pencil; it is then fired, not beyond a red 
heat, and afterwards burnished with a. piece of soft 
leather. 

Lustre Cantharide — the remarkable iridescence of 
which resembles beetles* wings or Spanish flies — is 
produced from glass containing a largo quantity of 
lead, and to which is added oxide of bismuth and 
chloride of silver. The wares after coating with the 
preparation are' placed in the muffle, and wlien healed 
to redness, leather or similar substances thrown in, 
the products from which reduce the surface of the 
metal and produce brilliant coatings, varying in color 
from gi’een, red, yellow, blue, et cetera. 

Iron Lustre is obtained by dissolving iron or steel in 
muriatic acid, and mixing the solution with spirits of 
tar. The following may be given for the mixtures 
forming the body of lustre ware *. — 

MASS FOU LUHTBfi BODIES. 


lied or brown clay, 20 parts. 

Cornisli clay, . * 8 parts. 

liluf} clay, 4 parts, 

1^'iint, . 2 parts. 


lied clay, 50 parts. 

Kailheijware IxkIv, parts. 

Maiigtiiiesf*. . . 1 parts. 

Flint, 1 parts.' 


Red clay, 80 parts. 

Black Egyptian, 1(» parts. 

The lead glaze for lustrous ware is usually made as 
follows: — 

Lilharpo, 00 

Felspar, ... SO 

Fliiii, 15 

or other good cream colored glazes. 

Tiles and'Buhjks. — I n considering the formation 
of the muss, and the subsequent operations by which 
it is made to assume the required shape, and the degree 
of hardness desired in this description of clay wares, a 
similar arrangement and classification will be adopted 
to that given under PoiTifiiiy, properly so called. 

Mosaic^ Plainj and Encaustic Tilea^ from the superior 
diuisity and vitreous fracture of the mass, together with 
the proseneo at times of a glaze, and the amount of 
skill and taste displayed in their desigtj, are justly 
entitled to take precedence in this department of manu- 
facture. 

Mosaic Pavements and Inlaid Paving-tihs . — The 
manufacture of the highly decorative pavements of the 
medieval period has, after tlio lapse of ages, been 
revived in the art manufactures of this country by the 
untiring zeal and industry of the late Mr. Bekbert 
Minton, under the direction of Mr. M. D. HoixiNS. 
The chief difficulty in the production of this manufac- 
ture is to obtain different colored clays that shall 
contract and shrink equally during tlie processes of 
dryii'g ond firing, and without which property it would 
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be iinposBible to produce a perfect tile of variegated 
colors. It ifl uijDeceseary to apeak of tbe state of per* 
fection to which 'these beaatiful tiles are now brought, 
or their l^tness for architectural and ecclesiastical 
decoration, Tbe fine stone body of which they are com- 
i)OBed being highly vitreous, and capable of receiving 
almost any shade of color, renders them peculiarly 
adapted for such a purpose. The manufacture is 
extensively carried on by tho Messrs. Minton. The 
red clajr, composing the body of the encaustic tile, is 
found at Cobshurst., about four miles from Stoke -upon- 
Trent, and iu manipulation receives a facing of a finer 
clay, to bear tho ornamental or colored design, while the 
back of tho tile has a similar layer pierced with holes, 
tho object of w^hich is to prevent the warping of tho tile 
in the firo. The flne clay, composing tho ornainonhil 
portion of the tile, contracting more in tho kiln than 
tho body,* would cause it to bond, unless this tendency 
were counteracted by the layer of similar material 
placed at tho ba(;k.' Tho rod clay, or marl, previous 
to working nj>, is allowed to ireaik^rhy exposure to the 
air for about half a year. It is then thrown into the 
mixing vats, as required, and blunged uj) well w'ith 
water; after which tho clny slip is strained from all 
impurities by passing it through fine lawn sieves, and 
evaporated in tho slip kiln to tho projxT corisihtcncy for 
working; or the mass, if for d/y is dried into hard 
lumps, and afterwards ground between mill stones into 
fmo powder, according to the particular processes for 
which it is intended. 

'I’he clay for the body of tlio cuoauslie tiles, after 
wedging and slajqung in tho usual manner, is sliaped 
into a block in tbe form of a cube, or parallelopiped, 
from which the tilcmakcr cuts off with a wire square 
slabs nearly approaching in thickness that of the 
intended tile. These small slabs now each receive 
the colored facing of finer cla}", which is batted out 

Fig. iaiNN. 



and slapped down on their surface. Each tile thus 
formed is covered with a piece of felt and put into an 
iron box press of the required size, where it receives 
pressure upon a plaster of Paris mould having the 
pattern cut in relief upon its surface. Tho soft colored 
clay face thus receives tho design, the indcntiitions of 
which are afterwards filled up with various colored 
clays. The name of tho maker and a few holes to 
cause adherence to the cement when fixing the tile 
and also to assist in withdrawing the moisture in the 


drying process, are then stamped apoii the and it 
is aBdwed to harden slightly belbre ihe prot^ess of 
filling takes place. The colored malsrials hx tho form 
of thick are now poured over the various piw:te of 
the indented pattern so as to completely cover the 
surface— Fig. 484nn. In about twenti^^fout hours this 
colored slip is sufficiently hardened to allow of 
superfluous clay being removed ; for tids purpoi^e the 
tile is placed upon a small whirler, and the pattern 
brought out by scraping away the clay down to the 
face of the tile, tho cavities only being filled with tho 
colored mixtures. Tbe tile is now properly finished, 
the edges squared, and all defects corrected; after 
which it is dried for a week in a warm room before 
being removed to the stove where the drying process 
is completed in a period, occupying from fourteen to 
twenty-ono days, accordfeg to circumstances. When 
thoroughly dry the titles are packed in seggam and 
fired in the manner described under Earth enUoare, the 
duratidn of the baking averaging about sixty hours. 
Tho oven is left to cool for six days, after wdiich the 
[ tiles are withdrawn in their finished state. The mass 
coniiacts in the firing to the extent of one-eiglith in 
every inch. To produce, therefore, an ordinaiy six-inch 
square tile, it is uecesaary to form the model six inches 
and five-eighths to allow for this shrinkage. # 

I'or the formation of encaustic tiles of a mere elabo- 
rate pattern, the process is varied from that described, 
the tile being moulded by hand, instead of receiving 
pressure under a machine , and it is by this manipula- 
tion that all the rich and expensive pavements have 
been produced. These pavements have been intro- 
duced in OBboriie House, the residence of her Majesty ; 
and under Sir Charles Barry's direction in the House 
of Lords and the House of Commons; Cleveland, near 
Maidenhead, the residence of the Duke of Sutherland ; 
and tho mansions of most of tho nobility, as well as 
tljc Senate House, Washington, and St, George’s HaU, 
Liverpool. 

I Main self-colored tiles, such as black, red, chocolate, 
bull', ct crU’ra^ and also tho tesserwy are gcnerall)" 
termed dry tilcs^ and made of similar material to the 
encaustic tiles, but subjected to an entirely different 
process under a method patented by Mr, Phosseb, 
Tho prepared clay, after drying upon tho kiln till it is 
quite hard, is ground between stones and reduced to a 
fine powder; "whitih is afterwards placed upon gypsum 
slabs slightly damped, and sifted through fine sieves. 
In this stat(3 the quantity required is placed in a strong 
steel matrix or mould of the size of the intended tile, 
tlic bottom Biirfaco of the matrix being ribbed, to give 
a corresponding impression to the bottom of tho tile, 
and cause its adherence more firmly to the mortar or 
cement in wdiich it may be p fterwanis embedded, as well 
as to distinguish the size of tile by the difl'orent diaper- 
ing. Into this matrix, a steel plate with the pattern 
of tho intended tile upon its surface accurately fits, and 
is brought down with immense pressure upon the sur- 
face of the powdered clay, tho pressure applied being 
so great, that the particles are united into a firm solid 
slab or tile ready for drying and firing. A thickness of 
three inches of powder will by this compression form ti 
tile one inch thick, sharp iu outline, and with abeautiM 




surface. It is aldb found that compressed tiles 
ehrittk less in the than tbcNse made from the plastie 
the former CK>uti!lii$ti»g «bid3r in every 

inch. Many other artidea am Hkewise manufactured 
by this Gompresdngt l^cMs, suolFas scale plates, table i 
tops, fumitum faneK ef and also with smaller 
presses and diea»^the tesserae for mosaic work, and orna* 
mental btdtona ftsr ahirt studs. 

The ntoi^r of dies produced by a single machine is 
Tflty.:.latg<^>^^oen fifty and sixty dozen being often 
tvirned hours by the labor of erne man, while 

fhe produced in the sfime time is 

scarcely tesB than ftom twenty to twenty-fivo gross. 

The celebrated white-glazed tiles which are now so 
much appreciated for the walls of bath-rooms, dairies, 
and other domestic comforts, largely manufactured 
by this firm under the same ^cess. 

Many other descriptions of vitreous paving tiles arc 
also made, and are in large demand for the more ordi- 
nary purposes of architectural embellishment! At 
Timstall, near Burslem, at the Tilery Works of Messrs. 
Oabrett Brothers, great improvements have been 
eftected in the form and appliances into which this 
material can be worked. Hollow pillar shafting of red 
clay for churches, ventilating ridge roof tiles, and various 
other applications might be mentioned, as showing 
the immense field of constructive art into which this 
material, under skillful treatment, may be carried. In 
general, the manufacture of tiles being very similar to 
that of hrkhs^ many of the operations will be described 
under that section. 

Tiles may be elassed under three divisions, paving 
tiles, roofing tiles, and drain tiles, each of which com- 
prehend nuraerbus other varieties. The great distinc- 
tion between tiles and bricks arises from the greater 
tliioness of the former, and the consequent necessity of 
increased purity and tenacity in the mass ; greater care 
is also bestowed upon the processes of their manu- 
facture, tiles being always dried under cover. 

R ofing Tibs are of three kinds — ^pan tiles, which are 
of a curved shape; plain tiles, flat and of various shapes, 
often arranged to form elegant patterns when laid upon 
the roof; and ridge roof tiles, formed to cope the top of 
the roof, and often highly ornamental. 

Drain Tiles belong to the coarsest class of earthen- 
ware, and are of various shapes; sometimes curved over 
a mould, and sometimes formed by forcing the mate- 
rial through a machine by mechanical means. Other 
articles, likewise, come under this denomination of 
wares in their manuflicture, such as chimney-pots, 
tubular pipes for water or drains, and which Rometimes 
require the as^stance of the lathe to complete their 
formation. . 

Proeesses o/Mmufaciure, — The maria used to form 
the mass for working are previously weatliered and 
tempered, the period of exposure depending upon the 
state of the weatlier; a frosty atmosphere ^or a warm 
etm is more conducive to speedy tempering than a 
succession of and dry days. The marls, when in 
a proper condition, are taken to the crushing 
Fig. 48400— where, by passing successively between the 
sots of rollers, a, <?, through a Ifradually narrowing 
aperture, the mass becomes ^orouglfiy pulverized, and 


in this state is thrown into lafs^M 1i);e various marls, 
wimro it is again weatheied, atiilleft ww conride^^ 
thne to mellow'or ripen, and sometiiuea water is added, 
to hasten this process." It is afterwards^ temper^ and 


. Fig. 48400. 



prepared for ll»e moulding procesRcsby passing through 
the png mill— RCft Earthenware-^iTOtn whence it comes 
oozing out in a muRS thoroughly kneaded together and 
possessing great tenacity. Tin’s plastic raasR, after 
separation into blocks or lumps, is conveyed away ami 
stored under cover for future use. 

The moulding or forming of pantiles is carried on 
under sheds, the moulding tables being placed on one 
side, while the remaining space is filled with the blod^s 
or drying shelves to receive the pantiles after forming. 
The prepared clay, after being cut into lumps termed 
b(f/f pieersy is brought to the moulding table— Fig. 
484pp — whore the lumps are batted and squared up by 
an assistant into masses or slabs, a, about the size of the 
mould, and about four inches thick. From this block, 
by means of a wire, he separates a thin slice the size 
of a tile, and passes it over to the moulder. The 
block and stock boards 6, for receiving the tile-mould 
is firmly secured to the moulding table by a strong 
tenon ancl mortice ; four pegs, ef, driven into the table 
at the corners of the block and stock, serve as a 
support to the mould, c, and at the same rime 
regulate the thickness of the tile — five-eighths of an 
inch. Tlie moulder, having sanded his stock-board 
and placed his mould on the four pegs, takes the slice 
of clay from the assistant, and placing it in the mould, 
smooths the surface with wet hands, and with a brass 
wire strained upon a wooden bow cuts off the surplus 
clay level with the mould, and turns the tfle out upon 
the washing-off ftamCy e, where it is pressed by the 
hand into the requisite curved form. It is now struck 
smartly with the splayer,/, and turned over upon that 
implement for conveyance to the block, where, bn 
withdrawal of the splayer, it is deposited Ibr drjdug 
with tiie convex^ side uppermost, remaliiing here foi 
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one or tw0‘ dayB. yfbm the tilea are nearly dry they 
are tahcn to tne or liOrae, the top o\ 

^ which is ouWed to oorreepond with the iuteudod ouUmc.' 



of the tile, anvl fitte:3 with a wooden Mock rimilarly 
curved. Six or Boven of the lilon are now placed 
u[>oii tliia liorKC, and the worknian hfts nj) the wooden 
block and pvea them two or three smart Mows, which 
corrects any warfiine; that may have taken place during 
the drying pioee.6. The tiles arc now carried to the kiln. 

Firincf . — The ciie kiln — Fig. 4H4qq — as const djcted 
in the iiciirUborhood of hon<k)n, consistH of an oven oi 
chaniher, a, heated unJornealh l^y furnaces, fiom 
which the flarricfi circulate freely tlirou'gh the oven by 
the flues shown in detail at c ; the whole is inclosed in 
the brick hovel, A A. The time occupies six days,' tJjc 
fires being lighted on ^Monday morning, and not jnit 
out tmiil Saturday evening. The conBumj)tion of coal 
for each firing is about eight tons, hut varieijf with the 
nature of the goods to he burnt ; bulUiw goods, such as 
chimney-pots, garden-pots, etcetera^ requiring less than 
the more solid wares. These kilns average sevcnly- 
fivc feet in height to the top of the hovel, with an 
mterior diameter of about thiitj^-six feet; the oven 
itself being about fourteen feet square by ton feet high. 

In the Staffordshire jiotteries the kiln is of more 
raodorato dimonsions ; and the fires not being jdaced 
in vaults underneath the body of tlio kiln, are in 
general protected from the set of the wind . by a 
wall about six feet high surrounding the kiln, and 
placed at a convoniont distance to allcrw s])acc for the 
]»roper regulation of the fires. After the oven is filled, 
the doorways are built up with bricks daubed over with 
street-sweepings or clay ns a luting; and the fires, after 
kindling, are burned slowly for the first five hours, after 
VOL. ll. 


which the beat is progressirely ihere«*(©d foriha next 

thirty-three hours ; the space of being 

in general sufiioieut for hard, fired bhie tiles ^rbexeks. 


Fig4 4S4Qe. 



The temperature of ^ the kiln is determined by the 
appearance of tho mouths and top outlet of the kiln, 
as well as by trial pieces. When suffident heat is 
attained, and bofoio the fires burn hollow, tho moutlis 
are banked n{) with ashes to ]}reverit the passage 
of cold air through ibo oven ; arid tlic whole is allowed 

Fiff. 48In«. 



to cool gradually for twenty-four hours before the con- 
tents aro removed. The operation of firing the kilii 
generally takes ]dace once a week, and coneume® from 
five to six tons of coal and slack. In charging the oven, 
the floor is first laid with about two thousand bricks 
placed edgewise in courses one above the|:)ther, a — ^Fig. 
4841111-— the bricks in the first seven courses being so 
17 fi M i 
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diappsed 08 to leave a due £roiu each dre-pkce of an 
average width of seven inohes, and the top course, 
so as to cover this space, and form tlie dues. Upon 
this foundation the tiles are placed in bungs of twelve 
laid alternately cross atkd lengthwise ; the nibs on the 
tiles spacing off, and supporting them in a vertical 
position. Each side of the square is built up with 
bricks, 4 , allowing auffident space in the interstices for 


the uniform diffusion of heat through alPthe goods placed 
in the oven, a desideratum of the greatest importance 
!n the firing of blue bricks and tiles, and for which the 
circular form of oven is found best adapted. 

The following table gives the analyses of the days 
used in the Staffordshire potteries, and found in the 
district, arranged in the order of their fmibUity^ com- 
mencing with the most easily-fusible clay 


ANALVSaS OF CLAYS FROM BASFORD AND YllK SYAFrORDSIUltE FOTTEBIKS. 


Silicic aoid, 

Alumina, 

Seiiquioxidc of iron, and a little protoxide,] 
Protoxide of iron, and a liitlo pero'^ido, 

Carbonic acid, .IK 

Oxide of manganese, 

Soda, and a little potasKn, 

Water, 


1. 

2. 

3. 

4. 

5. 

42-84 

61*38 

59-44 

60-02 

64-32 

17-61 

26-55 

25-93 

24-26 

20-33 

6-97 

— 

10-74 

9-14 

10-86 

— 

8-38 

— 

— 

— 

15-36 

— 


1-CO 

trace 

11-61 ! 

3-14 

— 

— 

— 

2-20 

— 

trace 

trace 

— 



— 

— 

l-K) 

— 

3-94 

7-28 

3-11 

3-89 

6-60 

10:)-r)3 

99-7.5 

99-22 

100-31 

102-Jl 


a.vTs 

15'J6 

8-49 

1*67 


f>*37 


7. 


69’87 

16-79 

8-88 

trace 


4-26 


70-17 

16-25 

8-41 

1-29 


5-86 


99-80 101-98 


The colors to which the different clays burn in tlio 
kiln are given below, the figures corresponding with 
those of the above table : — 

1. Rotten red marl will not stand heat, but fut^es. 

2. Seggar marl burns light huff-^A hrobrick. 

3. Mixture of clays 5, 6, 7, 8, burns good blue, 

4. Clay from Stoke-upori Trent bums red. 

5. Dim-culored marl bums good hive. 

6. Top-yellow marl bums redthah Uae. 

7. Red marl bums hive. 

8. Mingled marl burns blue of a reddish tinge. 

Ornamental ridge and roofing tiles are in general made 
by a similar process to that described, greater care being 
required in the moulding and formation of the jjiece 
according to the nature of the design; and if this be 
very elaborate, the tile is sometimes formed of se[>arate 
pieces united together after moulding, much in the same 
manner as described under Earthen untre. 

Of late years considerable ingenuity has been exor- 
cised in the invention of machines to supersede hand 
labor i » the production of roofing, agricultural drain 
tiles, water pipes, H cetera^ all whiiih machines are 
constructed upon the principle of forcing the jaeparod 
clay from’ a cylinder through a die-plate fixed at one 
extremity, wdiich delivers the tiles or tubes in the various 
forms required. As similar macbincs for the production 
of bricks will be noticed under that bead, it will be 
Kufiicient here to describe tlie method of producing 
drain pipes by the hydraulic press, carried on at the 
manufactoiy of llKiounNEPKER, at OlJwciler in Alsace; 
a process wliich will at once exjdain all others of a 
similar character. The clay mixture to form the pijics, 
after proper purification, is thoroughly kneaded by 
passing it between two cylinders revolving at dif- 
ferent velocities, which causes them to exert a tearing 
actionifpon the mass, the distance between the cylinders 
being regulated by s^lews. The mass undergoes a 
further process, which is necessary before it passes to 
the moulding apparatus, namely, the expulsion of tlie 
minute particles of water retained in the clay by the 
force of capillary attraction, so powerfully as U} resiri; 
the action of the press, and w-hich would prevent the 
18 


mass from attaining that degree of density nccessaiy 
to insure its durability and nonabsorhing qualify when 
cxjiosod to constant piessurc and the action of liquids. 
It is desirabl(3 that the mass shall not boqpme too 
diy, otherwise the process of moulding would be 

Fig. 484as. 



rendered difficult ; a medium is therefore secured by 
breaking it up into balls of about eiglU inches dia- 
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meter, which are eulFered to half dry, and are afterwards 
repeatedly 8laj[fped upon a smooth stone to produce a 
perfectly hotnojifenoous mass. The moulding press-^ 
Fig. 484ss— consists of two hollow cast-iron cylinders, 
A A, fixed near each other on a strong ihovable frame 
or cradle, n b, by which means they can be brought 
alternately under the ram, of the poweiful hydraulic 
press, c, and which is brought into action by the 
pump, c, and supply pipe, d. The rods, ee, which are 
attached to the descending beam,/ are for the purpose 
of raising the ram after each operation, the winch, r, 
and pullies, //, carrying the rope. The conical moulds, 
m, with the mouthpiece, n, for the pipes, are atUichcd 
to the lower extremities of the cylinders, a, and arc 
changed according to the nature of the article to he 
manufactured. These conical moulds carry the cast- 
iron mouthpiece, n, by the rod, passing through the 
centre, and secured into the crosspiece, cast in one 
piece witli the mould. The plastic mass placed in the 
cylinder is thus forced by the pressure of the ram 
through the mouthpiece into the Bha[)c of a tube or 
other article, and is cut by a wire into the requisite 
Iciigtlis, which are removed on a tray to the drying 
kiln, where they are placed in an upriglit position upon 
perforated sui)portH, to avoid as much as possible any 
bending or want of unifonnity in the drying process, ti 
circumstance which would infallibly cause them to split 
in Ihe kiln. The operation of tiring is always one of 
great risk, as, notwithstanding tluj care tliat is taken, 
the pipes often crack in a longiludinal direction. The 
application of liydraulic power to the formation of these 
])ipcR renders them suthciently dense and strong to 
resist a pressine of from tliirty-five to forty atmo8])hercs 
— over one thousand pounds to the square inch — an I 
amount far beyond the capabilities of a pipe marmfac- 
lurcd in the ordinary manner. Their diameter varies 
fi oni one inch to about eight inches, with a proportionate 
increase in the thickness of tlic substance. Pipes of a 
somewhat similar nature, but of larger dimensions, are 
manufactured by Garrktt Brothers, near Bnrslcm 
Peake, ami others in the locality, at Llwyiinenion, 
North Wales, and also at Lambeth, London. 

Bricks or artificial stones are intended to replace 
natural stone whenever this is not to bo had, or the 
hewing and cutting hoconies too expensive. Bricks, 
therefore, are always fonned or moulded at once into 
the required form, varied according to the purposes 
for which they are intended, such as wall bricks, 
arch and rectangular or wedge-shaped hoicks. These 
forms never exceed more than a fbw inches in tliiek- 
iicBS, on account of the contraction and difliculties 
attending the drying of larger inaBscs, and they actpiire 
the requisite solidity by burning in llie kiln. .From 
the necessary competition into which artificial bricks 
enter with natural stone, economy in production is an 
essential point ; they are tlioreforo seldom ornamented, 
nn«l the color is generally confined to the natural hue 
assumed by the clay in firing. The preparation and 
purification of the mass are also extremely simple, and 
are generally performed iqKm tlio field where the mate- 
rials are obtained. Bricks, being thicker and more 
massive flian ordinary potters' ware, are necessarily 
subject to a much greater contraction, and consequent 


liability to oraok — a defect which is lemedied as 

as possible by mixing into the maiia^ clie% ootocon* 

tractile mtbstances, such as sand) cdoaiebtus 

coal mf coke refuse, peat, sawdust, ei 

times the brick earth contains naturally A su^Stcieift 

amount of sand or lime, at others the mean quality is 

obtained by a mixture of clays* 

In the neighborhood of London, where biicks are 
the only material employed for building, the clay is 
obtained from the alluvial deposits in the London basin 
that lie above the London clay^ and consists of layers 
differing in composition from each other. The lowest 
deposit containing clay, mixed with fragments of chalk 
and various gravels, et cetera^ is rarely used, and passes 
gradually into the middle stratum termed ^so of 
clay, but mixed with fin^fragments of chalk and sand, 
in place of the coarse gwel ; while in the upper layer 
the clay preponderates, the gravel and sand being in 
much smaller quantities, and the proportion of lime is so . 
small that the clay hardly effervesces with acid. Tliis 
upper stratum is there too fat, and requires to be 
iniirn-porated with coal cindcre or sand, while the 
middle strata possessing more sand receive only the 
addition of cinders. Near London and other large 
towns in England the bricks of the greater number of 
houses arc composed of the earth removed from their 
foundations. From the uses to which bricks are 
applied, it is essential tliat.they fulfil certain conditions, 
as follows: — 

Biicks, to be good, must bo sufficiently firm and 
hard to support, without crumbling or giving way, the 
snporincnmbent mass tliey have to sustain, and not he I 
subject to break in oarriago. 

Bricks must he made so as to withstand pressure, to 
ho fiat upon one another, and have a smooth straight 
surface free from hollows and cracks. 

They must also possess sufficient porosity to admit 
of a in oper degree of adhesion to tlie mortar, and cause | 
it when dry to form a firm and durable cement. j 

Tlioy must, likewise, possess u hard and uniform striic- i 
hire throiiglioiit, so as to afford facility in dressing with j 
the trowel, and not split in contrary directions. They I 
sliould he able at llie same time to withstand changes ' 
in temperature, wdien placed in flues, fire-places, chim- j 
ncys, et ccUra^ as well as the influences of moisture and 
frost from external causes. | 

Some of these necessary qualifications can only . 
he attained by a proper mixture of the mass, and ; 
others by attenlion to the processes of moulding and 
firing, ''riiese varieties of clay are generally incorpo- 
rated witli various substances, such as lime, iron, 
pyrites, stones, gravel, organic remains, ct cetera^ 
which, unless lemoved, are very injurious. Thus 
when (day containing particles of limestone, chalk, 
or calcareous jietrifactions, is formed into bricks, the 
firing in the kiln converts them into caustic lime, 
and whenever the water has Apccss to tho bricks, 
and i>enetrates to these nodules, the slaked lime, 
expanding, destroys the brick. Iron pyrites is decom- 
posed in the same manner by the fire, and leaves 
cavities in the mass, giving the brick a greater tendency 
to fi-acture in those parts. Vegetal remains, roots, 
et ceteraj often occasion the splittbg of the bricks dur- 
10 
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Ing' firing by the midilen evolulion of gas. ’In the 
selection and nikture of ^lie clays great care is 
required; clay, if too fai^ produces bricks liable to 
bend and crack in the fire, and with a textuffe denser 
and less porous than is I'equhred. On the contrary, if 
the clay is too jwr, the bricks will bo too soft, and 
easily crumbled to pieces. 

The manufacture of bricks may bo classified under 
five h6ads^iV^rcE;9eo}i of Bridc^earik^ T&npering the 
Maea^ Mouldingty Drying^ and Firing, 

Preparing die Brick-earOi , — The clays, after digging 
and weathering, as alrejwly described under Tilc^^ 
are classed by the briciktnaker into three qualities — 
Strong ctoy, injld day.^ and malm,. Strong clay in 
general is siifBoiently free from stones to be used for 
the purposes of brickmaking without washing, but 
requires that there be misled with the mass chalk, 
reduced to the consistency of cream, to counteract the 
warping and contraction it would otherwise undergo in 
the process of firing, and to improve the color of the 
brick. Mild clay has to bo passed lliroiigb the wMsh* 
mill, to free it from gravel, and other im[)urities, before 
working. The amount of sand present renders it 
less liable to shrink and warp than tlio strong clays; 
but its texture is so loose and incoherent, that a mix- 
ture of chalk is necessary to bind the mass together, 
and to take up tlio excess of silica in the firing. Malm 
is an ’^artli suitat^lo for making bricks without any 
addition, but as it now exists naturally in very limited 
quantities, recourse is bad to the production of an arti- 
ficial malm by mixing chalk and clay together, pre- 
viously reduced by passing through the wash-milJb. 
llie mixture is run into shallow pits, where, by evapo- 
ration and deposit, it becomes of suflicicut consistency 
to be worked up in the suhsetpicnt operations. This 
process, on account of the expense, is only adopted for 
the best qualities of bricks in the vicinity of IjOtuIod, 
the mass for commoner kinds being sinqdy mixcMl 
together. The object of adding chalk to the clay is 
twofold — first, meclianical, by diminishing the cofj- 
traction of the brick ; and secondly, cheinii^al, as a flux 
daring the firing, by combining with tlie silica of the 
clay. A well-burnt London brick is a silicate of lime 
and alumina, and diflors' gioaily from an ordinary rod 
fired brick made without lime or alkaline matter, the 
silica and alumina of tlje brick earth in this case being 
only in mechanical, and not in chemical comhinalion. 
Tlie preparation of the brick earth is much the same 
process us that described under Tiles. In the midland 
districts the clay is generally ground and cnished between 
iron rollers, whereas in the vicinity of London the pre- 
paration is elTectcd by the wash-mill, and afterwards 
brought to the proper consistency by evaporation in 
pits, and Boiled^ or covered with sifted ashes, and loft 
to mellow. 

Tempering , — The tempering of the mass is per- 
formed in various accorditjg to the practice of 

the locality where the bricks are manufactured. The 
old-fosbioncd way of tempering by treading consists in 
spreading out a raoderatoly-tbick layer of clay over a 
wooden floor, and kneading jt well over with the naked 
feet, by which the workman is enabled to detect the 
presence ot stones, roohs, et cetera ^ fresh clay and 
po 


water m again added, and the operation is repeated 
until the whole mass becomes so stifi as to impede the 
action of the feet. Baud, coal-ashes, and similar 
additions, tu'e sprinkled over Uje Clay and jincoiq>orated 
with the mass, until tlie whole apiwjara uniformly soft 
and moist. The extensive demand for brick generally 
necessitates the employment of machinery, and the 
pttgging or grinding of the mass takes place in a mill 
similar to those already described under Pottery, 

Moulding , — Tlie moulding operation in tlie manu'r 
facture of bricks and tiles is simpler tlian that of any 
other kind of clay wares. The workman is supplied 
with a stock of prepared clay by his side, a small behch 
or table before him, a tub of water and some dry sand, 
and an assistant. Two metliods of moulding are in 
use — slop moulding^ wlicre tlie mould i.s dip{>cd in 
water to prevent adhesion, and petlUi moulding^ whore 
sand is sprinkled over for the same purpose. In 
moulding the newly made brick is carried in the mould 
by the assistant to the jUii or drying-floor, and whilst 
flu's is being done the moulder proceeds \vith a second 
mould, the first mould being returned by the time the 
second brick is ready. 

Jn p(dUi moulding only one mould is used, Llie biiek 
as it is formed l)cing turned out and placed upon the 
hackharrow, and wheolctl awjiy to be built into haclcB^ 
or low walls fiu’ diyliig. 'Phe mould is represeiited in 
Fig. 484tt ; « is a four-sided frame of sheet-iron rivot|ed 
together at tlie angles, and Btrengthencd with wood at 

Fig. 484tt. 
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the hvo sides, 'I'he bottom of llse mould Ls detached, 
and forms what is called the stock-board, consisting 
of a *pieco of wood plated witli iron round tlio upper 
edge, and filling tbo mould accurately but easily. 
F(M]r iron pins, c c, are driven into the moulding bench, 
the Htpek-board rests upon them, and the thickness of 
the brick is regulated by their height above the surface. 
The hollow in the bed of the brick is formed by a 
piece of wood, d^ called a hich^ of the size and sliape 
required, and fastened upon the upper side of the stock- 
board. The operation of moulding is as follows:-— 
The assistant, or c/o^ moulder, spriuklefl the stool with 
dry sand, and, taking a clod or clot from the tempered 
mass, roughly kneads and moulds it into the shape of 
a brick, and passes it over to the moulder, Who hating 
sprinkled sand over the mould, places the clot upon 
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the stock-board, and dashes the half-formed mass with 
great force into tlw sanded mould ; the mass which 
has become iiattoned by the shock, is forced into the 
angles of the mould by one or two rapid strokes of his 
hand ; he then, with the strike, which has been pre- 
viously wetted by immersion in tlio tub, removes the 
BUljerfinouB cky, which is received back by the clot- 
monlder for reworking. Finally the brick is dex- 
terously turned out ef the mould, and conveyed away, 
while the procesees of sanding, et cetera, aro proceeding 
quickly for the formation of a second brick. 

The number of bricks which a workman can mould 
in a given time is very great, but depends very much 
upon the strength and ability of the operator. A 
moulder witJri proper assiatanco will make two thousand 
bricks in a working day; somotirnes a much higher 
number is attained. The manufacture of the blue 
facing and paving brick is extensively carried on in 
Stanbrdalilre ; it possosaos the same qualities as the 
blue pipe, ridging, and roofing tiles, and is peculiar 
to tliat locality. Tho annexed tabular statement 
received from one of tbe works, and showing the 
pieces produced there in 1859, will give some idea of 
the magnitude of the consumption, 

BTATISTIOS OF A BRICK AND TILE MAKUFAOTOKT OP 
fl^AFPOHOSlIlKE. 


Prtving 1,000,000 

Til HP front bricks, v • ■ b'^0,000 

Pnvinjy bricks, *, . . 7 .*j,000 

Jtituflng tiles, .. f)00.0()() 

Itootiiifj ridf^es, 80.000 

< irn.'inientiil bricks, l;t(),000 

Front lud bviek'^, . .. iri0,00() 

(Jonimoji bine brie'.-, (VJO/iOO 

(j/irden tiles, 2r> 000 

Sauiluiy lubes, 10,000 


besides large numbers of other articles not onumcrated. 

Machinery is sometimes substituted for manual labor 
in the process of moulding; but from the circumsUmco 
of tlic actual cost of moulding— about oiio-fourtb of a 
penny for sixteen bricks — bearing so small a proj)or- 
tion to ilie total cost of brickmakiiig, it can only be 
employed with economy in the production of largo 
numbers. I'lic interest of capital, tbe necessity of 
lioeping a machine constantly' at w*orl<, and the cost 
of tbe molivo ]) 0 wcr which such machines require, 
demand a very extensive market for tlie produce. In 
small brickworks, therefon^, inadiinery cfVeels no actual 
saving, and is not generally introduced for brick mould- 
ing. Tho metdianical contrivances for producing bricks 
may be classed under the following denominations : — 

1. Machines witli actual moulds similar to hand 
moulds. 

2. Machines in which the moulding is performed by 
Beveriil moulds. 

3. Machines which cut or Btamj) out bricks from a 
cake of clay. 

4. Machines which produce a continuous strip or 
band of clay, and subsequently divide it into separate 
bricks. 

It is uimeccRsaiy to enter into the mecbanical details 
or respective merits of these various contrivances ; tli© 
general principle being easily understood by reference 
to the machine constructed by Mr. Hunt, ar,d very 


generally adopted, a and b— F ig. 484utr— -ate two 
cylinderB of equal diameter, geared to revolve togeth^, 
and ao placed aa to form the front and back df the 

Fig. mm. 
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hof>]>tT, a, tho two sides of which aie of Iron, and 
arranged to form an opening at the bottom corre- 
sponding to tbe length of a brick, tho width being 
regulated by the distance between the cyluidcrs. When 
the hopper is tilled with tempered clay, the mas^ forced 
forward through tbe opening by the revolution of the 
cylinders, will have the exact dimensions of a brick. 
Beneath the hopper, an endless chain, 5, traveraes over 
the rollers, c c, simultaneously with the motion of tlie 
cylinders. The pallet-boards, d d, are placed at given 
intervals, to correspond with tho thickness of the brick 
required, and aa each pallet-board arrives under tbe 
moulded mass, a wire, stretched across a frame, is 
brought forward and aejairatcs the brick, which is at 
tlio same tiiiio carried onwards by the motion of the 
endless chain — an o[>oratiori repeated each time that 
a inillct-board comes under the hopper. 

Drying . — When llic bricks placed upon ithe drying 
ground in the jn’oeesa of moulding, have become suffi- 
ciently firm to be liandlod without risk of bending, 
they' are set on edge, and piled or hacked in tho saino 
position until they are six or eight bricks high, spaces 
being left between Ibcm for the free circulation of the 
air through the dwarf wall thus formed. During the 
night, or when rain is aiiprehonded, the walls and sides 
aro protected witli boards and straw. Sometimes 
during the proceSvS of dr} ing tho form of the brick is 
corrected in any' twist by striking with a flat board; a 
plan that gi'eiitly improves tho appearance of the brick 
when price admits of its adoption. Bricks tliat are 
inteudcil to be died in the clamp^ require to remain in 
tbe backs much lunger than those that are tired in a 
kiln, fium the circumstance that tbe firing in the clamp 
attains its full heat almost immediately, whereas, on 
account of tho temperature (# the kiln being capa- 
ble of regulation to extreme nicety, the biickB, if 
grem, can be dried in the latter by a gradually increas- 
ing licat. 

An ordinary blue Staflbrdshire brick, wet from tjie 
mould, which weighs twelve pounds four ounceit, will 
21 
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woigb, when fired, only eiglit pounde one ounoe ; hav- 
ing lost by evaporation m drying and burning 
four pounds three oancea, or thirty-four per cent, of 
its original weight; the specific gravity being as fol- 
lows ; — 


18MI 

July 13. ... 

u 

nours.of wotgliing. 

. . « 7 . weighed >1 96 

- . . 11 A-W. “ 1011 

oz. 

ofbeui* 

SiOM in ounce*. between RAcb 

weighing'. 

41 


. . . 3 r.M. 

“ l7:d 

oz. 

if” 

iL., 


. . . '7 

“ 169 

oz. 

4, 

...... 4) 

July 14. , . . 

, . . 7 A-M- 

“ 16;Jl 

■ 0/. 

5 

12'^... 

u 

. . H A.M* 


: oz. 

5^ 

41 


... a p.M. 

“ 15:0 

‘ oz. 

4 

4>-,.. 


. . . 7 P.M. 

“ 1523 

oz. 

1 

4^ 

July 15. .‘i! 

. . . 7 A.M. 

“ 150 

oz. 

2; 

12 


Wei etfite from mould, 

JDry et€ae^ ready for kilu, * 20,75 

Fii^etatej ,1861 

The loss in weight of a brick by drying and firing 
will be further illustrated by the following table 


L(mi« of welsrbt In ounce*, during fMh 
eouaeouUv* twelve lUMin. 


,12 hours day, 27 J oz. 


12 . 12 hours night, 2J oa« 


Total lorvs b^ evaporation in drying, pro^'ious to firing 
in the kiln, being twenty -tliree and a half per cent, of its 
original weight, and the further loss in firing aniotmting 
jo fourteen per cent. 

Firing of burning is performed in very many 
different ways, tlie nature of tiio fuel which the brick- 
maker has at his disposal, togetlier with the cost and 
custom, being all taken into consideration. It is also 
considerably influenced by tlio nature of the work, 
whether stationary or cliangirig to diiferent places ; the 
prices of labor, carriage, et cetera^ likewise enter into 
tlie calculation. Ulie burning of bricks, however, may 
generally be classed under two methods : — 

let, A kiln specially constructed for tlie purpose, as 
in the potteries, is used and charged each time with 
the bricks or til^s to be fired. Such furnaces may be 
open, clone, hoi'koiUtil, or verilcnl, 

%nd. The bricks are piled one u])on aiiotlicr to form 
a temporary kind of furnace, with the nccessiiry fliu^s ; 
this arrangement is termed a damp, and is well adapted 
for burning a large number of bricks at once, but not at 
all suitable for the finer kinds whore a sharp outline is 
necessary. 

Kilns, on the contrary, will hum all kinds of bricks 
and riles equally well, but, being somewliat expensive 
in the construction, are only used under certain circiini- 
stances, These kilns arc similar to a potter’s oven, hut 
without bags, or chimneys, or the exterior hovel, tlie 
bj-icks being so placed ui the kiln as to form the flues 
to rcgiduto tbc healing. In general they average from 
ton feet to ten feet six inches in diamclcr ; tbc con- 
sumption of coal is about six tons. This construction 
of furnace is also modified for tlie firing of the better 
kinds of goods as well as of the salt glaze sanitary tubes 
now so generally used throughout England. 

Tlie process of burning in clamps, tlao great simplicity 
ot which has given it the preference for general pur- 
poses where the locality is so far removed from any 
kiln 08 to render carriage too expensive, tokos place in 
the open air; protection being afforded by movable 
straw hurdles from the too free circulation of air or 
wind, which might caase combustion to proceed too 
rapidly in ouo direction, and put an end to all control 
over the fires. The clamp, which* will often comprise 
as many as eight hundred thousand bricks, is coated 
upon the exterior with loam or bunit bricks, and often 
occupies from eight to ten days in its construction, 
22 


according to the number of layers of bricks. Eig. 484 vv 
represents a transverse section of a clamp; the layers 
of fuel used in firing tlie bricks, and consisting ol 


Fig. i84vv. 



cinders and small coal, arc sliown at 5 b h; livtliolea 
or flues filled with faggots, and extending through tlie 
whole thickness of the clamp, being left to ignite the 
layers of hrees, the flames from which permeate the 
interstices and csca[)e at tJie top. The firing of a large 
clamp is commenced by the succossive ignition of the 
livehtdes at one end only, and, when thorouglily lighted, 
the mouths of the whole are stopped with bricks, and 
plastered over. The proportion of brees for firing 
every himclred thousand bricks, is generally tliirty-five 
chaldrons sifted ash mixed with brick eaitli, and twelve 
chaldrons to liglit. the clamp, averaging a cost of ten 
shillings for every linndred thou.sand bricks. If tlie 
proportion of bribes is too small, the bricks will be 
uuderburnt, tender, and of a pale color ; if too much 
fuel is used, there is danger of tlio bricks fusing and 
running into a kind of slag or dinher. The length of 
time of firing varies from twenty, thirty, to even fifty 
days, acc(n-ding to the size of the clamp. Bricks 
situated upon the outside of tlie clamp, and called 
turnovers, are uuderburnt and placed upon one side 
for reburning in a future clamp. Bricks situated near 
the hvehole, and exposed to tlie full intensity of 
the fire, will be found fused into clinherB or hurra. 
Considerable loss occurs in this particular, the clinkers 
and “adjacent bricks being firmly fused together, and 
attached to the base of the clamp, from whence they 
can only ho removed with crowbars at considerable 
cost of labor. Tlie loss by fracture, clinkers, d cetera^ 
averages about ten per cent. The difierent qualities 
of bricks may bo known by their color in the firing, 
and A very important part of the brickmokeris biuineM 
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consists in sorting the bricks as they are removed from 
the kiln or clamp. ^ The hard-baked bricks, generally 
of a dark greyish-brown, are employed for outside work, 
tlie well-baked bricks of a4rcd color for walls, while the 
half-baked yellowish-red or yellow bricks are used for 
interior, work. The harder that bricks are bunit tlie 
more sonorous they become when struck, and vice 
versd ; they also last longer when exposed to frost than 
tlioso wliich are less bunit. 

The several descriptions of brick made for the 
liondon market may be classified as tollows : — 

FinST grALITY — 

Cutten arei the noftest, and used for gauged arches and other 
raided work. . 

Mnlms — Best building bricks, usecnmly in fine brickwork ; color, 
yellow. 

Seamdti — Sorted from the best qualities, and used for fronts of 
buildings of a superior class. 

PavioTB — Excellent building bricks, sound, hard, well-shaped, 
and a good color. 

Picl’inrfg — (food bricks, but soft and inferior paviors. 

JtniKjh Purioi’s — Uougbest sortings from the yoiviors. 

Washed Stocks —Bricks in common use for ordinary brickwork, 
the commonest desoriptiou of malms. 

RKCONI) QUALITY — COMMON. 

Grtif Sioch — 0(K>d bricks, but of iiTcgular color, and not suited 
for face work. 

Routjh Stocks — Irregular as fogards shape aud color, but bard 
and sound ; not suited for good work. 

Grizzles — Tender, only fit for inside woilc. 

CbMMON QUALITY — INFICRIOB. 

Place Only fit for common purposes, and not for per- 

manent erections. 

Shfiji’s — Unsound and slnijf}/^ full of shakes. 

Purrs or Clinkers — Used fur artificial rockwork, cascades, 
c^ ee.tera, 

Pats — Refuse. 

Bricks arc often adapted in shape to the purposes 
for which they are intended,, either wedge-shaped for 
arches, round for ehininies, or rectangles of dillerent 
forms. Sometimes they are constructed as hollow 
bricks, a form which, without imj pairing their strength, 
considcrahly diminishes their W(Mght and cost in trans- 
port or carriage. A peculiar kind of brick is made 
at Berlin from the infusorial clay on tlie banks of the 
Spree, a cubic foot of which, weighing in tJie crude state 
sixty-one pounds, is reduced by drying and firing to 
twenty-five pounds seven ounces. Biieks composed 
of this earth weigh only one-fomth that of ordinary 
Viricks of the same size. Bricks of this material, and 
containing ten per cent, of clay, were used for buikling 
tlie Museum in Berlin. Infusorial earth fonus an 
admirable cement for clay in place of sand. 

Fire-clay goods are emjdoyed either for smelting, 


08 mtclhUe^ or as fire-hrichB^ for, Jifling- furn4c^0, el 
cetera^ their fire-proof qualities dc>pi^wdipg upon the 
amount of heat to which they ore intended to be 
exposed; as a brick tlxat would withstand the tem- 
perature of a limekiln may fiise in the heat of a 
porcelain furnace, and even those that withstand tlie 
highest temperature attained in manufactures will be 
fused, and frequently volatilized before the oxyliydro- 
gen blowpipe, or. between the poles of a powerful 
galvanic battery. As the success of smelting, and other 
operations in which high temperatures are required^ 
depends so much on the material employed in the con- 
struction of the furnaces, and othera])paratuB, a general 
inquiry into this subject becomes necessary. 

The fusibility of a substance is not solely influenced 
by the elements which enter into its composition, hut 
also by the manner in which these elements are 
arranged and combined together. The chief constituent 
of clay — alumina — is a base which, in combination with 
silica, forms one of the most refractory substances, and 
tliis property is possessed by riie clays in proportion as 
they are unmixed witli other bases, as alkalies, oxide 
of iron, lime, and magnesia, in tlio "order liere given. 
In the purer clays, which for all ordinary puqioscs may 
be considered fire-proof, the refractory quality is aug- 
Tiientcd in proportion to the quantity of silica they 
contain. 

Til procuring fire-proof material, it is always desir- 
able to obtain a chemical analysis ; for, although this 
cannot supersede an actual trial, it is of the greatest 
service iu gfiiding to the selection of tlie materials 
required to he added, in order to produce in tlie 
material the required properties. Such additions are 
ffenerally necessary, as fire-clay must not only be 
infusible at the temperature to which it is exposed, but 
likewise free from liability to crack or fly, properties 
most important in the construction of crtwibles. Hie 
chief cause of cracking is contraction^ and this must be 
lessoned by the addition of substances which do not 
tlicmselves shrink, and at the same time do not impair 
the refractor}’ nature of the clay. Pure sand, ground 
and free from lime and iron, and fire-clay previously 
burnt, are tlic substances most usually and appropriatelj- 
employed. When fire-clay is brought into contact 
with Bubsianccs exerting a chemical reaction upon it, 
and decomposing it by acting as a flux, it is much more 
difficult to obtain a ware capable of withstanding tlie 
combined action of heat and chemical affinity. An 
analysis of the most noted fire-clays employed in the 
construction of crucibles and fire-bricks is given in tlie 
annexed table: — 


-N ... n PlM« of m^nuflicture SlIicA. Alumina. Oxide of Iron. 

Cmcinies from GroHS Almerode 7 1 2fi 4 

“ Paris — Beaufays 6f> 34 10 .. 

“ Ravt'ignies, near Houuvois 72 10 4 .. 

“ Enpkuiil, for cftsiiiig sleil 71 23 4 .. 

St. Eliemic, for rastinp Hied .... 65 25 7 

QIaus pots from Noniou re 67 ! 32 1 

“ Bohemia G8 29 2 


Fire-clay wares require to be more strongly fired, in | wares acquire tbcinnaximum hardness and full amount 

^ 1 J JjI. aT I . r .A At a1. ^ * 


order fr) acquire an equal degree of solidity wth those 
of ordinary clay— a drcumslanco partly occasioned by 
the large quantity of ceraent which enters into the com- 
position of tlie mass. It is also of importance that tlie 


of contraction before they are used. Crucibles do not 
always require firing, as is the case with tJie Passau 
crucibles, which arc simply dried. Hessian crucibles, 
on the other hand, are burnt at about the same lietit as 




POTTERY P1KEIBRTCK8. 


ordittory 8toneTvtfr& The follo^ng table, according to tive proportions of the ccmfititueHts ia jBCTeml kinds 
Brethier^ gives the dtemehtary obmposition and rela- of smelting crucibles ; — ^ 


1 

1 

1 

Gross Alm«ro4«. 

Beavfblii. I>i!)tartffi«nt 
d«s ArdfluiMs. 

BriorlrRtU. 
near Stourbritifo 

ff«ihl«recri; 

Hygrometriq water 

^Bsrtliter. 

0AlTOtftt. 

Borlhiflr. 

Beiihtsr. 

Salvstal. 


, — 

.... 0-43 

• » — 



.. 0’50 

Combined water 

.. 35-2 

.... 14’00 

.... 100 .... 

10-3 

... 17-34 

.. 1650 

Silica 

.. 4a-5 

.... 47-50 

.. .. 52-0 .. .. 

63-7 

. .. 46-25 

.. 46^8 

Altunina 

. . S4-9 

.... 34-37 

27-0 .... 

20-7 

... 28*77 

.. 28-10 

Oxide of iron 

.. 3-0 

.... 1*24 

20 .. .. 

4-0 

. .. 7-72 

„ 6*65 

Lime 


.... O-fjO 




... 0-47 

.. 2-00 

Magnetda 

— 

.... 1-00 

.. .. — 



— 

— 

Alkali 

— 

.. .. trace 

.. .. — 

— 

. . — 

— 


Glass pots and retorts for the production of gas are, I 
perhaps, the largest vessels at x>reflent constnictcd of 1 
fire-clay. The fire-clay retorts constructed by Messrs. 
Joseph Cowrn and Company of lilaydon Burn, near 
Newcastle-on -Tyne, are sometimes as long as ten feet, 
with an internal width of three feet, and are constructed J 
in one piece. In use tliey are found to bo four times 


as durable as iron. The material which furnishes 
these fire-proof wares consists of seven varieties of clay 
belonging to the coal ifennation, and which are found 
in the neighborhood of Newcastle-upon-Tyne, They 
occur below the coal, and arc worked with them fi’om 
the same pit. In color they are grcjish-brown and 
full of vegetal remains. The analysis is os follows : — 



1. 

2. 

3. 

4. 

5. 

C. 

7. 

Silica 

51-10 .. 

47 -.55 

. 4R-5r) . 

. 51-11 . 

. 71-28 , 

83-29 .. 

C9-25 

Alumina 

Oxide of iron 

31-35 .. 

4-G3 .. 

20-50 

‘»-13 

, 30-25 . 

4-00 

30-40 . 

4-01 ) 

. 17-75 . 

8-10 .. 

17-90 

2-97 

Lime 

1-40 .. 

i-;m 

1 -GO 

J-7G) • 

2-43 . 

1-88 > ■* 
2-99 ^ 

1*30 

Magnesia 

1-54 .. 

0-71 

1 'Ol . 

t nico 

2*30 . 

Water and organic matter.. 

10-47 .. 

32-01 

30-07 . 

. 12-20 . 

. 6-04 . 

3-G4 .. 

7-50^ 


By this it will be seen that tljo amount of silica in 
No. 2 is to the total amount of the bases as 100 .* 85, 
while in No. 0, it is as 100:1 6. These clays are mixed 
together in certain proportions according to the pur- 
poses for which tliey are intended. The clay is not 
suspended in water, the coarser particlcji being gi’onnd 
info the mass, together with the addition of ono-fourth 
part in weightlof sawdust. The gas-retoits require to 
resist Uie sudden changes of temperature, wliicli they 
undergo in the processes of firing and recharging, and 
average three inches in thickness to give tlicm dura- 
bility. These circumstances, combmed with the p form 
of the retort, would inevitably cause them to crack, if 
the mass was not rendered excessively porous by the 
destruction of the sawdust iii the firing. Powdered 
coke may be used for the same purpose, ’while the loss 
01 gas from the porosit}" of tlic mass is prevenfiid by 
the layer of carbon deposited on the interior siirfucc 
during the operation. The retorts are either moulded 
and built up by hand with the plastic material, or formed 
by pressure in machines, sonievvhut similar to tboso 
described for pipe-making, hut under pressure so enor- 
mous' as sometimes to rend asunder iron c}dindcrs 
between two and tliroe inches thick. 'I’bo drying and 
burning proceeds afterwards very slowly to avoid all 
cbiinccs of bursting of the retort when in use. The 
firing lasts fourteen days, and the retorts are of a ])a]e- 
yellow color. 

Newca8tle-upon-T}Tie also carries on an extensive 
trade in the mamifactnre of fire-bricks from the same 
clays above enumerated, and the prej)aralion ol which 
is as follows : — The clays, after exposure to the atmo- 
sphere for some time, are removed to the clay-mill, and 
ground up with fragments of the same clay prcvionsly 
burnt, from whence it is taken to the pug-mill for 
mastication before it is taken to tho moulder. Urn 
bricks are then laid out to dry, and aftenvards 
bund in a kiln about fifteen feet long by fourteen 
feet broad, and ten feet high. Each kiln will bum 
2-i 


about fifteen tliousand bricks at once. The operation 
of filing lasts five days. The bricks are placed c»n 
their edge longtliAvise in the kiln. Stone-bricks of a 
very valuable kind, and used in tbo constniction o^' 
the arches of. reverberatory funiacea employed at 
Sw'cinijca in smelting coj»per-ori*s, are extensively 
manufacUin'd at Neath in Glamorganshire. Tlic 
matciiuls of which the brides are comjiosod, arc 
obtained from the noigblK)rbood ; they are subjected to 
a coarse cnjsbing process; under an edge-Rton(>, and after 
mixing with a liitlo water, are comprohsed into form 
b}^ arnaebine, tlie coarsciies.s of the mass rendering lln* 
moulding by band im];oBsiblc "JhiH brick is fired in 
the (u dinary waiy, but rcsisis the action of intense lieat 
better tJi.'in l]i<‘ Stourbridge clay -brick. It cxparuls 
more by beat, rind does iKtt contract to its original 
diinoiisions. Tlio analysis of tho tlirco materuila com- 
posing the mass is as folloAvs : — 

From rt'nder>‘D. From Ulmii 


Rilirn, U4‘0r) 

Aliinoinu wilh tiace? of) . 

oxi<U‘ofiron | 

Lime and imigiicsiu, 


100 ... 9M)5 

traccR .... 8*05 

trace« .... traces 


Tlic.ae bricks may therefore be called mlicccm or stonr 
hricls, and will no doubt prove admirably adapted for 
the coTiHlruetion (J mtmy kinds of cliemical furnaces 
A rod fire-brick is likewise manufactured at Windsor, 
tbo analysis of the clay Irom which it is prepared being 
as follow's : — 


Silica, 

Peroxide of iron,. 

/iluininn, 

Lime, 

MagiiGsia, 


Or in mechanical mixtoe about seventy sand, and 
thirty pails clay. 
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OT quina * — This important sub- 
stance, which was j^iscoverod by Pellktier in 1820, 
is found naturally "ill the bark of several species of 
cindtomj which inhabit the Eastern slopes of the 
Cordillera in Bolivia, Peru, and New Granada. Three 
jlhicipal species of bark occur in commerce — the yellow, 
Wie, or Calisaya bark, obtained from cinchona cordi- 
folia; the red, yielded by c. ohlonffifolia ; and the pale, 
from c, coTidamm&a. It is found, also, though in smaller 
quantities, in a variety of barks, which are nearly all 
obtained from trees of the same family, the distinctive 
characteristics of which are but imperfectly known. 

In the bark, quiniu is associated with ciuchonin, 
cinchonidin, cinohouicin, all jupssesBing more or less 
basic attributes; kinic acid; cinchona red, which occurs 
in two forms, soluble and insoluble; a yellow and a green 
coloring matter; besides starch, gum, and lignin. The 
quinin exists partly as kinate, and partly in combina- 
tion with cinchona rod. 

Constitution and Pkopeuties. — Quinin is one 
of the more powerful organic alkalies. It generally 
appears, when pure, as an amorphous, resinous mass, 
of a dull white color. Its formula is — C jq II;j 4 Nj 
1 + C aq. It may also be obtained in six-sided pris- 

matic crystals, which are a hydi'ate, containing six 
erjuivalents, or 10-5 per. cent, of water, which are 
lost on fusion. • 

Quiniu has an intensely biller taste ; it is inodorous, 
and fuses readily. It dissolves sparingly m boiling, 

! and still more sparingly in cold water. It is easily 

j soluble in ether and in alcohol, especially if hot, and 

I is also soluble in ibo essential and fixed oils. 

I Ammonia docomposos the salts of quinin in the cold ; 
but on tlie other hand, at the temperature of ebullition 
the ammoniacal salts are decomposed hy this alkaloid. 
Tartaric, oxalic, and gallic acids, and the infusion of 
luit-galls, precipitate solutions of its salts. Quiniu 
menstrua, if treated with chlorine gas, become yellow, 

I rose-red, violet, and finally deposit a red resinous 

I matter. A solution of the Bul})hate, saturated first 

i with chlorine and then with ammonia, acquiros a gmss- 

green color, and deposits a green powder. With 
tincture of iodine, the solution yields a clear brown 
liquid, which on concentration deposits salYron-colored 
scales of a now coin])ouud. To detect small quan- 
tities of quinin, precipitate tlic suspected liquid with 
calciuod magnesia, and evaporate to dryness; then 
extract with one jiart alcohol and two parts ether. 
Evaporate again to dryness, and extract with ether. 
Now prepare a test lifjiior, by saturating boiling water 
with ferrideyanide of potassium, to w hich, w^hilst hot, 
are added five volumes of the strongcBt cliloriiic water, 
and tlien ammonia, until tlie blackish -green liquid 
becomes very alkaline, when the sediment is filtered 
off. Now ruix the fluid to bo tested with excess of 
chlorine water, and drop in the test liijuor. A blood- 
red color indicates the i>rescnce of quinin. 

Or, put a minute particlo into a watch-glass, drench 
it with five or six drops of pure sulphiiric acid and an 
equal quantity of watx^r, and add a fragment of bichro- 
mate of j^otassa. If quinin is present, tho mixture will 
first assume a green shade rcsomhling that of arseniato 
uf copper, then a beautiful yellow green, and finally a 
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dark gi^een. The sulphate, similarly treated,, becomes 
first a nickel green, next a copper green, and finally a 
dirty-yellow. The above-mentioned reaction with 
chlorine and ammonia may also serve for the detection 
of quinin. Quinin combines with the acids, forming 
a series of well-defined and persistent salts, of which 
the sulphate is the most Important. 

Sulphate of Quinin, usually called the disulphaie^ 
HO, C|o H24 N2 O4, SO3 7 aq., crystallizes in small 
silky tufts, or in fine acicular prisms; it has an 
exceedingly bitter taste, and when heated becomes 
phosphorescent. The dry salt is composed of one 
equivalent of quinin, one of sulphuric acid, and one of 
water. In the crystalHue state it takes up, in addition, 
seven more equivalents, or 14 ’4 per cent of water. 
It effloresces in dry hot air. It dissolves in thirty 
parts of water at 212® Fahr., but is very soluble in 
alcohol, especially with the aid of heat. 

PiiEPAUATiON. — Quinin is generally prepared as 
sulphate. 

The liark to be operated upon is in the first place 
subniitted to a ))rclimiuary examination, in order to 
ascertain the amount of alkaloid which it conUiins. 
The safest method is to take about two pounds of bark, 
and to treat this by the common process for the pre- 
paration of sulphate of quinine. 

Guillekmond proposes the following process for 
h'sting bark: — reduce tlie bark to powder, and treat 
tills ill a displacement apparatus with ten times its 
wTigiit of alcohol of eighty per cent. Add to tho 
alcoholic product tliirty grammes of powdered quick- 
lime fur every two pounds and a quarter of bark, and 
agitato the mixture repeatedly. By this operation the 
liquor is almost completely decolored. Filter off tho 
sediment of lime, and add to the filtrate sulphuric acid, 
enough to produce the very faintest acid reaction. 
Distil off the bulk of the liquor, filter off the slight 
resinous precipitate, and concentrate tJio filtrate to 
crystallization. Others exhaust two ounces of the bark 
witli eight ounces of water, and one scruple sulphuric 
acitl. Tho mixture is kept for twenty hours at a 
temperature of 140‘’, and filtered. The digestion is 
twice repeated with similar quantities of acid and water. 
Mix and add ammonia as long as anything falls; filter, 
wash, dry, and weigh the precipitate. A prompter, 
though less accurate test, is the precipitation of a 
decoction of the baik by means of an infusion of nut- 
galls, the amount of alkaloid in the bark being estimated 
from the greater or loss amount of the precipitate 
formed. The ordinary i>rocodure for obtaining quiniu 
is to exhaust the bark with dilute Bul[>hm’ic acid, boil 
the extract with milk of lime, and extract tho preci- 
]>itate thus obtained with alcohol, from which, on con- 
centration, the crude alkaloid separates in crystals. 
These are redissolved in dilute sulphuric acid, and 
purified by treatment with animal charcoal and rocrys- 
tallization. A more perfect, though less rapid process, 
is as follows: — Pound the bark coarsely and lot it steep 
in water, to which one-fifth of an ounce of hydrochloric 
acid has been added for every two pounds and a 
quarter of bark employed. Next morning boil tlie 
mixture for two hours, and strain. Submit the bark 
to a second and a third decoction in water couiatniug 
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! I onl^^ half the above proportion of acid. Make, finally, 

j I a fourth decoction in pure water, and keep this for 

I the first acid decoction of a fresh quantity of bark, 

i ! The barh may now be thrown away. Mix the acid 

I 1 liquors, heat, and addi carbonate of soda in slight 

I excess, allowing the precipitate which forms to subside. 
Decant oflP the supernatant liquid, and tost it by means 
of ammonia. Should this reagent produce a preci- 
pitate, the liquid must be precipitated ouco more 
with carbonate of soda. The whole precipitate is 
placed on a linen filter, and left to drain. It is next 
pressed and dried at a gentle heat When perfectly 
dry it is reduced to powder, and treated from five to 
eight times with alcohol of eighty-six per cent., at the 
heat of the water-bath; squeeze the grounds each time, 

I and filter the alcoholic liquors. The alcoholic tluid 
contains quiniu and ciuchonin, with coloring matters 
; and some fatty substances. It is next very slightly 

I j acidulated with weak sulphuric acid, distilled, and the 

I residue allowed to cool in the distillation aj)})aratus, 

; I ! A crysUdliuc mass appears, which is drained on a 
; I j . linen cloth, to get rid of the black mother liquor. It is 

I I then w’ashcd with a little water. Make the crystalline 

I mass, which is still highly colored, into a paste with 

I I warm water ; mix with this animal charcoal in powder, 

j j i and leave the paste till next morning. Mix the past*; 

' I with a suitable quantity of water and boil, taking c‘are 

' to cairy the concentration snfikieutly far to obtain 

crystals upon cooling. For tliis purpose, it is prcfei- 
I ^ able to divide the paste into several portions, and to 

I ; . ti’cat them separately. Filter the li<]iiid boiling. (J]»on 

! ; cooling, the 8uli>hate of quinin separates in perfectly 

1 ^ I white crystals. At the end of forty-^^ight hours let the 

I ! mother liquor drain ofl’, place iha cryt>talline mass on 

j i some double folds of paper arranged on a liurdle, arid 

i I carry them to tbe drying stove, taking care to keep tlie 

; ' salt covered, since otherwise it would turn yellow. As 

I soon 08 dry the salt must be removerl from the stove, 

or it will effloresce and lose weight. The mother 
I i li'iuor wiiich had deposited the white 6u]])hate-is next 
I precipitated wdth ammonia, wdiicli throws down all the 
, f quinin and ciuchonin still contained in it. Dissolve 
j ' the precipitate with the aid of heal, in w^ater acidulated 
; ' witli sulphuric acid, and add, towards the end of tlie 
operation, animal charcoal, and, if necessary, a little 
I chalk to saturate the excess of acid. Soothe the liquid 

j , to a proper degree of concentration, and filter boiling. 

I ! A fresh crop of white crystals w^ill bo deposited from 

j 1 the filtrate. 

I i j Treat the motlior liquor of this second operation in 
I ! the same way, and continue to jjrocced in this manner 
I ; until the whole of tlio alkaloid is converted mto crys- j 
j , tallizcd sulphate. After the third precipitation it is j 
' ' sometimes advantageous to. treat the precipitate with 

I alcohol of sixty-four per cent., which dissolves llie 

I quinin alone, instead of dissolving it in waten acidulated 

j ' with weak sulphuric acid. A part of the alkaloid still 

I j remaining in the mother liquor is deposited spontane- 

j ! ously as su]])hate, in course of time, and may be purified 

j by the usual method. To extract the quinin still 
! i remaining in the mother liquor, the following process 

j I : has been proposed by GuiliOCikT : — Add to the black 
i j rnotlier liquor au equal weight of a solution of chloride 


of sodium of 16‘^ Beaum^. Boil for ten m mutes, decant, 
and submit tl\e brown deposit which has been formed 
twice more to the same operation. Pour the decanted 
liquors togeUior, cool and filter, and precipitate the 
filtrate with ammonia. Bedissolve the brown deposit 
which had separated from the saline liquid in the third 
operation in water, and add gradually, and in small 
portions at a time, ammoniated salt-water, taking care 
to stop short of complete saturation. Filter the liquid ofi’ 
the soft brown precipitate which forms, throw tlie latter 
away, and precipitate the filtrate with ammonia. Treat 
the several ammoniacal precipitates with alcohol. Tbe 
solution, tj'catod in tlio usual way, will now yield sul- 
phate of quinin. 

Tlio quantities of sul])hate of quinin furnished by 
tlie varieties of bark which occur in commerce are : — 

Two pounds eight ounces of yellow, or Calisaya bark, 
without rind, yield four hniidred and ninety to five i 

hundred and thirty grains sulpliato of quinin. The | 

same quantity, witli the rind, yields throe hundred and j ! 

sixty grains. Two pounds eight ounces of tlie red baik, j ! 

c, ohlortgifoliay will yield two hundred and forty-eight , 

grains sulphate of quinin, besides about half that ; I 

quantity of suli)bato of cinchonin. Two pounds eight ' ; 

ounces of pale bark should yield one hundred and ; ' 

eighty grains bulphate of quinin, and one hundred and j 

twunty-four grains of sulphate of cinclionin. 

The following j>roecss, which has been patented l>y | j 

Mr. IIekking, yields a product not indeed perfectly i 

ficc from color, but nowise inferior in its medical pro- ' 

pel lies, and at least twenty [>er cent, cheajier than tlio ' I 
common snlpliate of quinin. Hence it is designated 
by the inventor hospiial aulphatt : — 

First Operation^ without AlrohoL — The pow'dered | 
bark is boiled in a solution of caustic soda, pressed, > 
ridurried to the boiling tub, agitated with cold water, ; | 
again pressed, and if much color passes fi’oin Iho ; 
second washing the hark is rciurned to the tub, washed I j 

again witli cold water and presscsd once more. The ' | 

treatment of tlie liipiors obtained by the soda boilingH | | 

aiul wasldijgs is described under the second operation. , i ] 

The cleoolored baik is now boiled with dilute sulphuric j j 

acid, kept in Constant agitation by proper rnachiiiery, j 

and this first boiling is run into the <‘Vapoialing pan, a | j 

large water bath kept by steam pii)eK at a temperature < ! 

of 120', and agitated by the paildle wlieels. The ; i 

bark is again boiled with sulphuric acid and water as i i 

above, and the liquid run into tlio evaporating pan. ' [ 

The third, fourth, and fiftli boilings arc not evajiorated, , I 

but reserved to extract llie next portion of decolored j i 

bark that is brought forward. When the liquor from the j 
first two boilings is siiflicieutly concentrated, it is allowed I 
to cool, and filtered. TIiub the flocculent coloring 1 1 

matter is sejiaratcd, and the acid solution is now fit for j 1 

precipitation. The filtered cold solution is treated by i 

caustic soda, and the pre(‘ipitatcd quinin is drained, ! 

\vaHhed, and pressed. It is now treated with dilute i 

sulphuric acid, and crystallized into a very thick paste, i 

When cold these crystals are pressed, washed, and ! 

again pressed. This removes the coloring matter and i 

the chief part of the sulphate of cinchonin. Tho | 

pressed cakes of sulphate are finally dissolved in a j 

large quantity of water and recry stalJized. Tho crystals ! 
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thus ubtainsd form the hospital sulphate of quinin. 

Sugar may likewise be detected by dissolving a known 



Tl\,o liquid which drains away from the second crystal- 

weight of the sample in water, and adding barj'ta, 



lization removes tho small quantity of ciuchonin which 

which precipitates both tho quinin and sulphuric acid. 



may not have been got rid of by the first crystallization. 

if present. Any excess of l)aryta is now removed by a 



If the sulphate is required perfectly white it is rodis- 

current of carbonic acid gas, and the liquid filtered and 



solved, treated with pure animal charcoal, and again 

concentrated, when sugar, if present, is at once known 



crystallized. 

by its taste. Gums and sugars may also be detected 



Tho patentee believes that in the ordinary method 

as follows : — ^Dissolve a weighed amount of the 



of making sulphate of quinin impure animal charcoal 

sample in water, and add a solution of pure carbonate 



is absolutely noccssaiy, though there is of course the 

of potassa, which precipitates both quinin and cincho- 



risk of contaminating the product with the salts of 

nin. The precipitate may be filtered off, carefully 



charcoal. 

dried, and weighed. Sugar and gum remain in solu- 



Second Operation, wvlh Alcohol. — Tho blood-rod 

tion. The liquid is now evaporated to dryness nt | 



soda-boilings of the bark mentioned in the first opera- 

a gentle heat, and the residue treated with weak | 



lion are treated with hydrochloric acid, in order to 

Spirit of wine, which dissolves tho sugar, leaving gum | 

1 


retain in solution the alkaloids which have been 

intact. Filter off the clear liquid, and dissolve any ; 

1 


extracted by the alkaline boilings. The ordinary view 

residtio in hot water. The aqueous solution is then 

! 


that quinin is insoluble in alkalies is pronounced 

tested with the sesquisulphate of iron, which precipitates 

i 1 


erroneous by the patentee, who states, that in acting 

gum as a yellowish jelly. If the sample is boiled in 

1 I 


upon largo quniiiities of bark the amount retained in 

water, and the solution allowed to cool, starch may be 

1 


solution is very consideralde. The caustic alkalies 

detected by adding an aqueous solution of iodine, when 

i I 


exert less solvent power than the carbonates, and 

the well-known blue or black tinge will appear. | 

1 1 


caustic soda least of all. Alter the rod alkaline li<juor 

Starch, gimi, and sugar may also be recognized on 

1 1 


has boon acidulated with hydrochloric acid, it is con- 

placing a little ol the suspected sample in a porcelain 

1 1 
; i 


centrated and precipitated with lime. The precipitate, 

capsule, and moistening with concentrated sulphuric 

1 [ 

1 


a mixture of quinin aiid lime, is w^ashed, dried, and 

acid. Quinin is niercly dissolved, whilst starch, gum, 



powdered, and finally extracted with hot alcohol. On 

and sugar are blackened. Ammoniacal salts are 


j 

' distilling oft’ the alcohol, tho crude ulkalohls are left 

{letectc<l by ti’turating a j»ortion of the sample with 



heliind. These are then treated with dilute sulphuric 

li'jior potassoe, when an ammoniacal odor is evolved. 


1 

acid, exactly as in tluj former process, a larger quaii- 

If pldoridzin is present, the sample turns a greenish- 

1 

1 


tity of water being required for removing the coloring 

yellow in contact with sulphuric acid, and is discolored j ' j 

1 

matter and the sulphate of einchonin. After two more 

by the vapor of ammonia. If salicin bo present to tho 1 ! 

1 1 

crystallizations tho sulphate is obtained peifcclly pure. 

extent of ten per cent, and upwards, the sample will turn j | j 


The first of)eralion yields from eighty to ninety j)er 

a deep blood-red on the ad«lition of concentrated sul- 1 i | 


1 (*ont.) and the second from ton to twenty per cent, of 

pburic acid. In smaller proportions it may be detected , , { 


1 the required product. 

by dissolving the sample in about six times its WTight j | | 


j Uses. — Q uinin is now very extensively employed 

of concentrated oil of vitriol, and then adding twice the 1 ! 

1 

in medicine as a tonic and febrifugo. For these pur- 

amount of water, when tho salicin is preciiatatcd, and 1 j 1 


poses it is used in combination with sulpliuric, citric, 

may be filtered off and tested with sulphuric acid. If ■ ’ 

1 

1 

or valerlaFiic a(u’d. The double citrate of iron and , 

einchonin be present tlio sample is dissolved, mixed 


quinin is likewise very often prescribed. 

with ammonia in excess, and well shaken up with , 


Ai>UT/rERATn)Ns. — The consumption of this import- 

other. Quinin is dissolved, whilst einchonin remains j | | 


ant remedy having greatly increased, whilst tho supe- 

untouched, and may bo separated by filtration. i 1 i 


rior varieties of cinchona hark are hecoming yearly 

The ordinary organic impurities may be detected by ! 

/ 

1 , 


more scarce and costly, it is naturally subject to a great 

the following simple experiment : — A vciy small quan- . 

1 i 


variety of adulterations. Amorjgst tliese may bo 

tity is heated upon platinum foil, or in its absence, upon | 

1 1 


enumerated ch.alk, sulpliato of baryta, gypsum, boraeic 

a silver sjmon to fusion. Free quinin lias (ben the j 

i 


acid, gums, sugar, sugar of milk, staieh, stearin, mar- 

appearance of oil of sweet almond ; the pure sulphate a i 

1 j 

1 


garin, salicin, and })hloridzin. Picsides these inten- 

pale ruby red, the citrate a pale Iciiioii or a deep yellow, 

1 


tional impurities, einchonin and quinidin may be 

if excess of acid be present. The valerianate remains i 

1 


present if the preparation has not been conducted with 

unchanged in color. If adulterated, the residue will l 

j 


duo care. Phosphate of lime is also occasionally found, 

have neither j^olish nor transparency, and will be black 

1 


derived from the animal icharcoal used in decoloring 

and porous. The detection of the remaining cinchona 

1 


the alkaloid. 

alkaloids, if present in five salts of qniiiiu, is more 



Mineral impurities may bo detected by incinerating 

difficult. When sulmiittrd to optical tests, quinin and 



a portion of tlie samj)lc in a platinum capsule. Puio 

cinehonidin, according toBoiKCHAKDAT and PaSTEUR, 



quinin leaves no residue. Or a portion of the sus- 

are powerfully hTvogyrate; quinidin and einchonin 



pected quinin may be treated with alcohol at a gentle 

pro-cminenly dextrogyrate ; and quinicin and cincho- 



heat, Quinin dissolves, whilst any mineral matter 

niein slightly dextrogyrate, upon pliine-polarized light. 



which may be present, as well as gum, starch, stearin. 

The ordinary tests for quinin, as mentioned above, 



win remain untouched. If a portion is burned upon 

distinguish between that alkaloid and quinidin on the 



platinum foil, sugar and roargaric acid may be detecied 

one hand, and einchonin, cinehonidin, and cineboni- 



by their peculiar smoke and smell. 

ciu on the other. 




1 
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Oxalate of ammonia, when added to a solution of 
these alkaloids gives, after some hours, a erystallino 
precipitate of oxalate of quinin—if the liquid contain 
not less than one part of alkaloid in eight hundred of 
water — and a white precipitate in strong solutions of 
cinchonin. It does not precipitate cinclionidin or 
quinidin. 

If hydriodic acid or iodide of potassium be added to 
neutral solutions, tlie following distinctions appear on 
crystallization ? — The hydriodate of quinin appears as 
lemon-yellow prisms; the oorrespomiing salt of cincho- 
nidiu in long thick colorless prisms; the hydriodate 
of quinidin in short hemihedral prisms; and that of 
cinchonidin in silky colorless prismatic needles. 

BEBIKB . — liedneftf French; German. — These 

are proximate principles found in most vegetals, and 
in almost every part of them; in some of them the 
quantity is very insignificant, whilst in others the resin 
is found in such abundance, as to render its extraction 
for industrial or medicinal purposes a profitable busi- 
ness, and it is to tho latter class that the following 
particulars and descriptions apply. They are obtained 
chiefly in two ways ; either by Hpontaneous exudation 
from the plants, or by extraction by heat and solvents. 
In the first case tlio discharge of the resin takes place, 
in tho liquid state, from accidental punctures in the 
bark of the tree or shrub containing it, and also from 
artificial incisions penetrating the hark nearly to the 
hard wood. The substance whicli issues from tlicso 
apertures is not a pure resin, but a mixture of it with 
volatile oil and other matters. In summer or the w’arm 
season the exudation flows freely, and the volatile oil 
being partly driven off spontaneously and partly rcsini- 
fied, the residue acquires considcruhle hardness. Should 
any of the volatile body remain, however, it is driven 
off on boiling the crude matter in water, and thus the 
resin is obtained free from all volatile oils. 

When the coldness of the season prevents tlic flow- 
ing of the resinous body, the method adopted for its i 
ex .-faction is somewhat as follows: — The ligneous 
matter impregnated with tlie resin is reduced by rasp- 
ing or grinding as fine as ])Ossible, and tho powder 
boiled with strong alcohol. Many other matters besides 
the resin are thus extracted, and, on adding water to 
the spiritous extract, partly precipitate with it. ^ By 
a fractional distillation of tlie menstruum most of the 
alcohol is recovered; and during tho ebullition the 
finely-divided particles of resin collect and agglomerate 
in the aqueous fluid, 

Resins possess tlio following general properties: — 
They arc soluble in alcohol, insoluble in water, af»d 
melt by the application of heat, but do not volatilize 
without partial decomposition. They have ifirely a 
crystalline structure, but, like gums, they seldom affect 
any particular form. Tliey are almost all translucid, 
not often colorless, but generally brown, occasionally 
red or green. Any remarkable taste or smell which 
they sometimes possess, may he ascribed to foreign 
matter, commonly an essential oil. Their specific 
gravity varies from 0*92 to 1*2 Their consistence is 
also very variable. Tho greater part are hard, with 
a vitreous fracture, and so brittle as to be readily pul- 
verized in the cold. Some of tliem are soft, a CMTOum- 


stanco probably dependent upon the presence of a 
heterogeneous substance. The hard resins do not con- 
duct electricity, and they become negatively electrical 
by friction. When heated they melt more or Jess easily 
into a thick viscid liquid, and concentrate, on cooling, 
into a smooth shining mass, of a vitreous fracture, 
which occasionally flies off into pieces like Prince Ru-" 
port’s Drops ; especially aftei being quickly cooled, and 
scratched with a sharp point. They take fire by contact 
with an ignited body, and bum with a bright flame and 
the diftusion of much fuliginous smoke. When distilled 
by themselves in close vessels, they afford carbonic 
acid and carbides of hydrogoji, empyreuraatic oil of a 
less disagreeable smell than that emitted by other such 
oils, a little acidulous water, and a very scanty shining 
charcoal. 

The solution of resins in either hot oi cold alcohol 
reddens tincture of litmus, but not sirup of violet; 
it is decomposed by water, and a milkiness ensues, 
out of which the particles of tho resin gradually 
agglomerate. In this state it contiiiis water, so as to 
he soft and easily kneaded between tho fingers; but it 
hocomes hard and brittle again w*ben freed by fusion 
from the water, I’lic resins dissolve in ether and the 
v(datile oils, and, with tho aid of heat, combine with 
tlio unctuous oils. They may ho united by fusion 
with sulphur, and with a little phos[>horus, Cbloriuo 
bleaches several colored rosins if thi*y he diflused in a 
milky state through water. The sulphide of carbon 
dissolves them. Concentrated mineral acids decom- 
pose resins under tho inllucnce of heat, the agents 
iieirig likewise reduced. Strong sulphuric acid dis- 
solves them in tho cold; but on the addition of water, 
they again separate without decomposition. When heat 
is ajiplied the sulphuric acid is broken up into sulphur- 
ous acid ; at the same time carbonic acid results from 
tho resin, and a carbonaceous residue with the artificial 
tannin of llAT('nF-nL rcmaiic;. Kitric. acid aided by 
heat effects several transformations in resin, according 
to its state of coiioentiution and the period during 
which its action is continued. Some rosins yield, to 
this treatment, oxalic acid, an,d invariably artiliciul 
tannin may bo obtained. 

Must of them dissolve in solutions of the fixe<l 
alkalies,- whether hot or cold, as also in ammonia, and 
form definite salts — rcsinates — some of which are quit(i 
ncutml. These rcsinates are soluble in water, and form 
a considerable portion of the cheaper kinds of soap, 
being themselves possessed of detergent qualities. 
U(5sinates of the alkaline earths, and of the heavy 
metallic oxides, may he prepared from those of the 
alkalies by double decomposition ; but they are inso- 
luble, and generally strong acids liberate the resin 
from llicm unchanged. 

Every resin is a natural mixture of several others, 
which sometimes admit of easy separation by different 
solvents, such as alcohol, ether, oBsential oils, alkaline 
solutions, ct cetera. For instance, when certain acid 
resins are dissolved in alcohol, and an alcoholic solution 
of acetate of copper is added, it happens sometimes 
that only a part of the resin is precipitated. The 
deposit, which can be readily separated from the liquid, 
is found occasionally to be hut partially dissolved by 
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other rooDstma, and coneequently admits of being 
separated into several definite substances* Again^ 
many resins on being treated vdth a solution of 
potassay soda, or ammonia, do not entirely dissolve; 
and inferring from this that the nndissolved portion 
has not the same properties as that dissolved, the con- 
clusion follows that^two or more distinct principles 
were contained in it. The soft resins, which retain a 
certain portion of volatile oil, constitute what are called 
balsams, a full description of which will be found in 
Vol L, page 224, et 

According to Dumas tho rosins may bo arranged in 
five classes, namely : — 

1. Those which yield a volatile oil on being distilled 
with water, and leave an acid resin, or rather several 
resins possessed of acid properties, in the retort. To 
this class belong the several turpentine rosins, balsam 
of copaiba, et cetera, 

2. Those which yield a volatile oil when distilled 
with water and one or more acid resins, as in tlie fore- 
going ; but in addition, a neutral one, generally capable 
of being crystallized, Animi, clemi, and caranna resins, 
mastic, vegetal, or palm wax, and several others, arc of 
this order. 

3. Resins which do not furnish a volatile oil on 
being distilled with water. Such are copal, anihcr, 
lac, betulin, and the like. 

4. Resinous matters containing substances soliihlo in 
water of the nature of gnni. Many of the members of 
this group have been already described as gum-resins, 
under (iUMS, to which the reader is referred. 

6. Balsams or compounds which contain, besides a 
volatile oil and an acid resin, cinnamic or benzoic acids, 
or some substances capable of producing them. It will 
be unnecessary to follow the description of tho subjects 
coming under this class here, as they have been already 
described at some lengili. — Sec Balsams. 

The Editor will now glance cursorily at each variety 
of resin in its alphabetical order, space not j>crniitting 
of more. 

Am HER. — Succiu^ French ; Bernstein, German ; Sue- 
cinuTrif Electruniy Latin. — This intorcsting substance is 
frequently included among minerals, with which, liovv- 
ever, it can no more bo classed than the rosin copal 
found in the sands of Africa. It is a substance of 
vegetal origin, resembling copal and other rosins in 
appearance, and in some of its ]diysical and chemical 
properties, and, like them, is employed for varnishes. 
The variation of its properties from those of ordinary 
resins is not, perhaps, greater than is to bo found among 
the different members of the class, and may be in part 
attributed to a sliglit and gradual alteration effected 
during tho lime of its exposure to the various natural 
agents. From some of its chemical and physical pro- 
perties and its occurrence in or near coal or lignite, it 
is usually supposed to be a resin derived from trees of 
the same geological ago with the upper, secondary, or 
tertiary strata ; but from the formation of succinic acid 
from fat, as well as from amtwjr, one might suppose it 
to have been a species of wax, or to have a fatty nature. 
Its balsamic or resinous origin is more probable than 
tho latter view. According to the traditions of the 
ancient Celtic nations, qmber signifies tears shed by 


Afolix) on leaving heaven for the famed Hyperb(M*eau 
island— -'Erin — and the account is thus happily recorded 
by Bbyamt 

The Celtic sages a tradition bold, 

That every drop of amber was a teat 
Shed by ApoUiO vrhen he flow from heaven ; 

For sorely did ho weep, and, sorrowing, passed 
Through rnnny a doleful region, till he reached 
The sacred Hyiierboreans. 

Amber is most abundantly found on the Prussian coast 
of the Baltic, Courland, Livonia, Pomerania, and in 
Denmark, where it is often waidied up on the shore by 
the waves, after tlio autumnal storms^ or it is dragged 
up by a net, or obtained by mining. In the latter case 
a stratum of sand, then of loam, are pierced, neither 
containing amlKjr ; but below the latter occurs a bed of 
lignite, in and near which it is obtained. From tlie 
cones found near it, one may attribute the amber to the 
balsam of certain extinct species of coniferse, which 
has hardened by the loss of its volatile oil. It frequently 
contains insects of various genera and species ; among 
them several genera of spiders, no species of which is 
now in existence. Some genera of tliese insects are 
still found in South America and New Holland, but 
tho species are extinct ; and but a single living insect 
found in America has been observed in amber, namely 
— Icpisma sacebarinum. It is sometimes, but rarely, 
found on the Scandinavian coast ; other localities are 
Ilasen Island, Greenland, near London in sand, and 
Pans in clay, in Italy, on tho Sicilian coast, in Spain, 
Siberia, Cliina, and Uie United States, where it occurs 
in the red clay formation subjacent to the green sand, 
and sometimes in the green sand itself. 

Thus it occurs frequenll}^ associated with lignite on 
Martha’s Vineyard ; from Amboy to below Camden, 
New Jeraey ; in the clays and sands of the deep cut on 
the Delaware and Chesapctake Canal, and in the green 
sand in Delaware ; fiirtlier at Cape Table, Maryland, 
It is said that Prussia draws an annual revenue of 
seventeen thousand rixdollars from this substance. 

It is found of variable sizes ; a specimen in tlio royal 
collection at Berlin weighs eighteen pounds. It is 
sometimes colorless, though usually some shade of 
yellow’, light and brownish yellow, reddish-orange, 
brownish-black ; it is transparent, translucent, opaque, 
sometimes milk-white and opaque, different hues and 
degrees of transparency occurring in the same piece ; it 
has a resinous lustre , is rather brittle, has a conchoidal 
fracture, and a soft -feeling sbiniug surface ; it receives 
a good polish, and hence is carved into ornamonts. 

Specific gravity 1*075. By friction on woollen 
cloth it becomes strongly negatively electric. 

Heited in the air it fuses at about 549®, evolving an 
agreeable aromatic odor, and burns with a clear flame. 
By fusion it is decomposed and its properties altered, 
giving off volatile matter and leaving a clear brownish 
translucent resin, which is almost insoluble in alcohol, 
partially soluble in ether, and most perfectly in fixed 
and volatile oils, with a brownish-yellow color. Slowly 
heated in linseed oil to boiling, it is soft and fiexilde, 
without fusing or decomposing, and, unless cooled 
slowly in the oil, is as brittle as glass ^ opaque spots 
are thus often rendered translucent. 
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Amber is wholly insoluble in water; absolute alcohol 
and ether become yellow in contact with it ; when used 
on the substance powdered they extract succinic acid 
and resin. 

It is soluble^ with a brown color, in strong sulj)hiiric 
acid from which water precipitates the greater part of 
a yellow color, which retains a little of the acid ; by 
boiling with the same acid tannin and charcoal are 
produced. Nitric acid changes it to a yellow resin, 
which gradually dtssolvos in the acid. Finely pow- 
dered, and boiled with solution of caustic or carbonated 
alkali, much succinic acid is removed ; and pure water 
extracts a resinate of the alkali from the residue, leaving 
amber bitumen. 

By destructive distillation in a closed vessel an acid 
liquor containing acetic and succinic acids passes over; 
some crystals of succinic acid are then deposited in the 
neck of the retort, after which an empyrouniatic oil is 
disengaged, at first thin and yellowish, but subsequently 
brown and thick ; finally, a light-yellow wux-likc sub- 
limate appears in the neck of the retort, to which 
Bekzelius has given the title of crystallized pijrctinfj 
and Gmelin amber-camphor. The proximate consti- 
tuents of amber arc a volatile oil, succinic acid, two 
rosins soluble in alcohol and ether, and a bituminous 
insoluble substance which constitutes the chief hulk of 
it; its ultimate analysis showed it to consist of carhoii, 
hydrogen, and oxygen in the following proportions - 



Cctitonirrmlly, 

Carhon, 

Hyilrogi'ii, 

Oxygfcii, 

Afiti, 

Dravsior, 

SOaO .... 

. 7-:n 

0-73 .... 

IJre.’ 

70 r>8 
. 11 *(>2 
. 7-77 

•|o-93 

liOSB, 

.. 

‘2*10 .... 
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100-00 


Uses. — Fine amber is used for making trinkets and 
ornamental objects ; but its estimfition is much greater 
in this respect in Oriental nations than with Europeans. 
The portion designed for ornamental work is split on a 
leaden plate on a lathe, and then sniootJiencd to a 
shape on a Swedish whetstone; it is then polished 
with chalk and water or vegetal oil, and finished by 
rubbing with llannel. In these processes the amber is 
apt to become highly electrical and very hot, so rnueb 
so as to produce nervous tremors in the wristi^ and arms 
of the workmen from the electricity. T)ie artists guard 
against these ellbcts, however, by working the pieces 
in rotation, so that the heat rriay not increase to an 
injurious degree, and the amber remains only feebly 
excited The coarser kinds of amber are employed in 
chemical and pharmaceutical operations, and also for 
the manufacture of varnishes. ^ 

Anime. — A resin not unlike copal, and of which 
there are two varieties, the American and the Oriental. 
The American anirne is said to How from iiicisions 
in the hymmcRa courlxtril^ a tree growing in Brazil, 
Virginia, and the West Indies. The purer resin occurs 
in pale yellow pieces, with a vitreous fracture and 
dusty surface ; softens in the mouth, tastes like mastic, 
and has an agreeable odor, especially wlieri heated ; 
specific gravity 1*03; combustible, and gives a lively 
ilamo. Warm oil of olives or lavender di-ssolves it ; 


it is wholly soluble in boiling alcohol, the solution 
reddening litmus, although the acid is scarcely ex- 
tracted by water. Cold alcohol separates it into two 
resins; the soluble-^64‘3 per cent. — ^resembles the resin 
itself; the difficultly soluble rcsin-“-42*8 per cent. — pre- 
cipitates from a boiltng alcoholic solution, drying to a 
tasteless mass, slightly odorous and lighter than water. 

It also contains ♦bout 2*4 per cent, of a volatile oil, 
which passes off by heating per se, or with water. A 
brown variety does not soften iu the mouth. 

The Oriental aninic, which has a specific gravity of 
1 ‘0272, appears to be a mixture of two resins, one pale- 
yellow, brittle, not softening in the mouth ; the other 
reddish -yellow, softer; it does not contain the difficult 
8oluJ)lc resin, and its alcoholic solution has a less acid 
reaction. It is not decomposed by nitric acid, oven at 
the heat of fusion. 

Anime was formerly eiu|>loycd in pharmacy, but is 
now chiefly used for scenting pastilles, and for varuislies ; 
hut it is rather a bad material for tlie latter, as it is 
dried wiLli difficulty, and loaves the coating soft and 
pasty. For these reasons it is never used per sc, but i 
in admixture with otber more suitable resins. j 

liolany Bay lie, sin, said to be tlie produce of ararois j 
resinifera, is of a yellow hue, britlh\ and of a slightly j 
astringent taste. Jt exhales a fragrant odor when i 
heated, and dissolves in alcohol and ctlicr. Jt resem- 
bles tolu balsam in containing cinnamic, and a small 
quantity of benzoic acid. 

CononioNY — Common Rosin , — Tliis is the residue 
remaining on tlm distillation of common turpentine ; it 
retains mo\c or less water, and is known as white and 
yellow resin, being in this state translucent, and often 
slightly viscid. When deprived of water liy fusion, it 
is torme<l brown or black resin, cokqdiony, rosin, or 
fiddler's rosin. 

Rosin is u brittle, tasteless, and almost inodorous sub- 
stance, of a smooth sliining f acturo ; its si)ecific gravif y 
is 1*080. Jt softims at IfiO’, but does not enter into * 
fusion under 275" According to the analysis of Blan- 
ciiET and Seu., this substance, in its pure state, may 
1)0 represtmted as composed of 0^^, I^nvek- 

iJOiiiiEN has fthown tlial colojdiony includes two dis- 
tinct acid resins, logethcr with a minute j)ortion of an 
indificront one. These acid resins he designates pinic 
acid, and silvic acid, the former greatl}" preponderat- 
ing. Ah respects the composition of these acids, it 
appears that they are isomeric, and therefore have the 
same formula as that above ascribed to pure colophony, 
a conclusion sanctioned by Rosi^. and Trommbdouff, 
but not by Lb wig. 

Rosin forms an important ingredient in the compo- 
sition of yellow soap, and is a partial Bubstitutc fur 
fixed oil or fat; it is not amilogons to tlie latter in 
chemical constitution, nor can it, like those bodies, 
form with an alkali a proper soap by itself. Colophony 
contains no glycerin, nor any equivalent for that sub- 
stance. 

'The formation of yellow soap from rosin depends on 
the direct combination of the resin acids with soda. 

No glycerin is eliminated, there being no proper sapo- 
nification. The compounds formed, however, by the 
union of soda with rosin are not separable from their 
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j aqueous solutions by cblorido of sodium, like true soda 
I HoapB, nor do their concentrated solutions become mu- 
cilaginous or gelatinous on cooling , nevertheless they 
produce a lather, and, when added to soap in limited 
proportion, increase its detergency. Eosin is also used 
to some extent in perfumery. 

This resin is largely employed in manufacturing 
industry for the purpose of extracting tlie various oily 
bodies it produces by destructive distillation, and which 
oils are largely consumed in the aiis, as well alone as for 
adulterating dearer kinds. The bleaching of common 
colophony has long engaged attention, but success did 
not attend the various effoi'ts Latterly, however, 
j Messrs. Hunt and Pochin’s patent seems to have 
' i accomplished the task of converting the common black 
; I resin, worth ft/iir to five shillings per liuudredweight, 
into a white almost transparent compact article, which 
1 1 is said to bo biglily beneficial to soap and varnish 
' 1 makers, and worth as much as fifLecu shillings per 
i I hundredweight. 

j j Their i)rocoss may bo here advantageously although 
I cursorily described. It consists in distilling resins and 
j ! resinous substances without decompobition, or only 
! I partially so, by which they are freed from various 
I i mechanical impurities, and at the saiuo time almost 
j I deprived of their color. The ordinary rosin of com- 
j ' riiorcc, et cetera^ are taken and introduced into an 
I iron or other suitable vessel ; tliey are then melted, 

I ' and steam is passed, during the entire periLd of the 
operation, tlirough the fluid mass, until tluj wliole, or 
' nearly tlie whole, has been distilled. The rosin is 
! i condensed in a suitable receiver, kept as cold as it can 
be by the application of water, and exsiccated *, it is 
! tlion adapted for the purposes for which it is required. 

' During the distillation the temperature rises from about 
390" to GOtr, at which it is maintaijiod until all such 
portions of the contents of the still as arc capable of 
; I being volatilized have passed into the receiver. Instead 
' of steam, carbonic acid, or a mixture of carbonic acid 

I and nitr ogen, or hydrogen gas or carbides of hydrogen, 
j , are introduced to decolor the resin. 

I I Copal, said formerly to liave been derived from rJais 
I copalUnum and the cliv-ocarjim copalifvr^ seems by 

late accounts to be obtained from various species of 
j hymenasa trachylohium and vonajfa. Several varieties 
i of this resin arc known in commerce, which are 
! apparently the product of dilTerent trees, natives of 
I Africa, AnuTica, the East Indies, and New Zealand. 

I Levant copal is considered the best, and is met with in 
nmderate-sized round masses, hard, transparent, color- 
less, or but sliglitly lemon yellow. It iV, of all rasiuSj 
that which mikes the fimst vavuishes. Two kinds of 
copal resin are known ; one hard or true, and the dtlicr 
tender or fictitious copal. The true variety, as above 
stated, is met with in large pieces, colorless, or of a 
slight yellow shade, exteriorly opaque, but limpid in the 
interior. In some cases its tint approaches to a 
brown. Insects are occasionally found inclosed in it, 
but more rarely tlio debris of plants. 

It has BO mucli resemblance to amber that it miglit 
bo supposed to have a fossil origin ; at all events it has 
probably been long exposed to tho action of the air 
before being collected. It is very hard, and breaks 


with a conchoidttl fracture. Exposed to heat it i^ftens, . 
but does not permit its being drawn into threads; 
when the temperature is more elevated it melts, and 
at tho same time undergoes decomposition, and distri- 
butes on boiling a vapor having the peculiar odor of 
the wood of the aloe tree. Its specific gravity varies 
from 1*045 to 1*139. In the natural state coiwil is only 
slightly soluble in absolute alcohol ; on boiling it, how- 
ever, it tumefies, and forms a viscous elaslio mass; 
with ether it acts in a similar way, but ultimately dis- 
solves. When it is desired to dissolve it in alcohol 
per scy the best method is to suspend it in the vapor 
of the boiling liquid, and it gradually falls drop by 
drop and is perfectly dissolved ; with oil of turpentine, 
under *Bimjlar treatment, the result is the same. To 
avoid the loss of spirit and other inconveniencies which 
attend this process, many trials have been made. One 
of these, though singular, is said to be eftective ; it is to 
grind the resin and expose it to the air for a period of 
ten or twelve months, after which it is readily taken 
u}) by of wine. It may be dissolved in absolute 
alcohol by first acting on it with ammonia, which 
softens it into a gelatinous mass, and then adding tho 
spirit in small portions, with the aid of heat. It may 
likewise bo dissolved in alcohol after being softened 
witli ether. 

The ordinary practice is, however, to lake advantage 
of the property which certain essential oils have of i 
softening tlie resin, and thereby rendering it more I 
readily soluble. A quantity of the copal is taken and | 
moistened with oil of rosemary or of lavender; after | 
standing for a time some pieces begin to soften, while i 
others are unaffected ; the former are selected for spirit [ 
varnish, and tlie latter are put by for varnish to be j 
made with fixed oils. The first portion is then ground, j 
moistened a second time with either of the essential 
oils named, and after a short time it Bwells up to a 
pasty mass, which on addition of tho necessary quantity 
of spirit of wine dissolves. Spirit of turpentine beliavos 
in like manner. Tlio same menstrua, provided a little 
camphor be first dissolved in tlicm, readily take up the 
resin , but tlje varnish thus formed, as also that pre- 
pared by means of oil of rosemary, is soft and devoid 
of the durability which the real spirit vaniishes made | 
with the resin possess. But tlie common copal var- | 
nish is made by melting it cautiously, and adding oil of | 
tur])entine heated to a certain point. j 

According to Unveudorben and Filiiol, who have ) 
more recently examined Indian copal, it contains no 
loss than five definite compounds of a resinous nature, 
four of which possess acid and one neutral properties. 
Thus, ill treating powdered copal with a spirit cx>ntairj-' 
ing sij^*- 80 vcu per cent, of alcohol, and adding to tho 
extract thus obtained an alcoholic solution of acetate 
of copper, a precipitate of bluish flocculi appears, which 
on being dried and afiused witli cold other takes up 
resin A ; the alcoholic liquid retains resin B in solu- 
tion. Further, on treating tho residue with absolute 
alcoliol, a third resin, C, is dissolved together with por- 
tions of tho two preceding ones ; and, finally, by treating 
what remains from the last menstruum with potassa, a | 
fourth resin, D, separates, and a neutral substance, £, ! 

remains. 
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The analysis of copal, according to Filuol, is as 
follows : — 


Carbon, 

Dombaf 

OOJMll 

.. 79*70 

Madttpnwur 

coj»al 

. . . . 79*80 . . . 

Calcutta 

... 80-6G 

Hydrogen, . 

. 9^90 ... 

.... 10*78 ... 

. .. 10*57 

Oxygon, , . . 

. 10*40 .. 

.... 9*42 ... 

... 8*77 


100*00 

100*00 

100*00 


The composition of the resin alters, however, on being 
exposed to the air for some time in a finely-powdered 
stale, or when reduced to an impalpable powder by 
abrasion under water, oxygen being absorbed, as the 
following analyses illustrate ; — 

Copal oxpoaed Copal ruducai^ to au 
to the nir in Inipalpalile powtlor 

fine powdor uudor wuur. 

Carbon,., 77-0 71*4 

Hydrogen, 10*0 9*2 

Oxygen, 13’0 19*4 


Tender or fictitious copal is found in commerce mixed 
sometimes with a little Indian copal, but it is brought 
from the Brazils without any admixture. That from 
India is vitreous, translucent, and nearly as transparent 
OB glass, but age communicates to it a shade of yellow 
on the surface. Its ordinary form is in tears ; it pos- 
sesses a weak, agreeable odor, is very friable, and jiro- 
servee this property even in the varnish made witli it, 
on which account it is not so much esteemed. Heat 
renders it soft and elastic, so that it can be drawn out 
into threads as fine as silk. Alcohol partly dissolves it, 
the residue appealing like gluten. Ether lakes up 
nearly tho whole substance. 

Filhol has analyzed this resin and found it gave— 

Carbon, 89-3 

Hydrogen, 11*5 

Oxygen, 3*2 


Drmmara Hesin is a white resin brought from the 
East Indies, and is said to be the produce of iliepwus 
(lammara; it contains a resin soluble, and one insolu- 
ble in alcohol. 

Dragon^B Blood, which is a deep-red resin imported 
from the East Indies, has been fully descrit>ed, although 
erroneously, under Balsams, in vol. i., page 227. 

Elemi. — It appears that the source frcmi which this 
resin is oKtained is very doubtful. It is generally 
described as constituting a member of the Amyrideai, 
which is allied to the class to which the oraiige-trcc 
belongs, owing to Linn^US confounding aj)parenlly 
two distinct plants under one name — the amyris eh' 
mifera — namely, the idea idcariha and the amyris 
plumieri of De Canuolle ; the former u Brazilian tree 
which yields, according to PisoN, a resin similar to the 
so-called jfum-ehnd, and tho latter a native of the 
Autilles, which likewise produces a resin, Pekeira, 
in tracing the som-ce and origin of this resin, found 
that it was imported entirely from Amsterdam and 
Hamburg, and concluded that it was the product of a 
Dutch settlemont He is inclined to believe that which 
formerly came from Etliiopia by way of the Levant 
was derived from the canarium zejihyrinum or canari 


harat of Rumphius, who says that it yields a resin so 
like elemi that it might be taken for it. Pekeira 
mentions three kinds of elemi — elemi in fiag leaves, 
elemi in lumps, and Brazilian elemi. The first is im- 
ported into England from Holland in triangular masses 
of one to two pounds weight, enveloped in palm leaves. 
The elemi in lumps is a little paler in color than the 
Brazilian. Maktius states that tho first variety is the 
pi*oduct of the ainyrh zeylanica; though Peueira 
doubts the assertion, on tho giound that if it were a 
product of Ceylon it would be imported direct hither, 
which is not the case. The only doubt which he 
seems to tlnow upon the Brazilian elemi l)eihg derived 
from the idea idcariha, which may be taken for the 
amyris ehmifera of Linnj^us, rests upon tho certainty 
of its being a Brazilian product. 

In extracting the Brazilian elemi, an incision is made 
into the stem of the tree, w'hence the juice exudes, and 
the resin is gathered in twenty-four lioura afterwards. 
It is imported in cases containing two or three hundred 
pounds each. It is soft and unctuous, but Incomes 
hard and brittle by cold and age. It is semitransparent, 
of a yellowish-white color, mixed with greenish points ; 
its odor is strong, ngrcoablo, analogous to tliat of fennel. 
This is owing to a volatile oil, wliich may bo obtained 
from it by dry distillation. 

The description most extensively dealt in, is that 
which is brought to this country from Singapore in a 
soft, stroTig-smolIing mass, in cases of about two hun- 
dredweight. It is the produce of Manilla, and the 
Editor is credibly informed that it is not imported from 
any i)art West of Singapore. In addition to this, the 
Brazil sort is occasionally seen in the market. 

The proximate principles of elemi are a transparent 
resin having acid properties, soluble in cold alcohol ; 
a second resin taken up by bailing alcohol, but dej)o- 
sited fi om the solution on cooling in a cryKtallino state ; 
a volatile colorless oil, which, according to Deville, 
resembles miicb the essence of tuipontino, and of citron 
in com])OBitiori, as in Its reactions ; and a bitter extrac- 
tive. The annexed per centages were found by 
Bonastre 

Volatile oil, 12*5 

Kcsihb Holnbh^ in l^oth hot aixl cohl aicohol,. . . GO'O 
JtesiiiB Hohtble iu hot, hut not in cold alcohol 1 ^ 

-olcmif, 

Bitter extractive, ' . . , . 2*0 

Impurities, 1*5 


Tlic resin a, readily soluble in cold alcohol, consists, 
according to Johnston, of H^ O^, while tho rosin 
/v, sparingly soluble in cold alcohol, is composed of 
Hgjj O. Specific gravity, 1-08 Bonastre; Schu- 
bert gives it 1*055. 

Elemi is occasionally used as a topical remedy in 
the form of an ointment, more particularly in ulcerous 
complaints of an old and indolent nature. It is exten- 
sively employed for varnishes. 

Guaiacum. — This substance, which is commonly, 
thdhgh veiy erroneously, denominated gum -guaiacum, 
is the produce of tlio gviacum offidimU, a lofty tree, 
native of St. Domingo and Jamaica. It occurs in tears 
naturally exuding from the stem; and in Jumps ob- 
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taiucd partly from incisions into the trunk of the tree, 
and partly by the action of heat upon billets of the 
wood, This resin is of a dark-green dingy color, tran- 
sparent when in thin laminse, and of a brilliant resinous 
fracture. It has a slight balsamic odor* Its powder 
is at first polo grey, but gradually deepens, and becomes 
green by exposure : it acquires a beautiful but transient 
blue tint when moistened with spirit of nitrous ether. 
According to the Edinburgh Pharmacopajia, the cha- 
racters of guaiacum resin are as follows ; — Fresh frac- 
ture red, slowly passing to green ; the tincture slowly 
strikes a lively blue color on the inner surface of the 
paring of a raw potato. The specific gravity of guaia- 
cum varies between 1‘20 and P23. It is soluble to 
the extent of about ninety per cent, in absolute alcohol. 
The insoluble portion, though sometimes described as 
resin, has more of the characters of altered extractive. 
When subjected to dry distillation, guaiacum fuses at 
about 570“, and an oily matter, together with water, 
passes over, which has been examined by Sobrero, 
and by Pelletier, When chewed, guaiacum Boftens 
under the teeth, hut has scarcely any taste, though it 
loaves a burning sensation in the throat. 

PhysiolcMjical Effects . — Cluaiacum resin is an acrid 
stimulant, formerly very much used in medicine, and 
even now to a great extent. 

Under the use of small and repealed doses of guaia- 
cum various constitutional diseases sometimes gradually 
subside, and a healthy condition of the system is brought 
about with no other sensible efiect of the remedy than 
perhaps the production of some dyspeptic 8ymi)toms, 
and a slight tendency to increased .secretion. One 
designates tliis inexplicable, though not loss certain, 
influence over the system by the term alterative. When 
guaiacum is given in moderately large dosea^ or to 
jdcthoric, easily excited individuals, one o]»serves the 
combined operation of an acrid and stimulant. In very 
large doses guaiacum causes heat and burning in the 
throat and stomach, vomiting, purging, ])yrexia, and 
headache. In ite operation on the system gnaiacuni 
is allied to the balsams. 

Jalap. — The resinous portion of jalap is the most 
important. Jalap resin is obtained by mixing the 
alcoholic tincture of jalap, prepared by percolation or 
digestion with water. The prcciintatcd resin is to bo 
washed with warm water, and then dissolved in alcohol. 
By evaporation the tincture yields the resin. I’lanciiI?. 
has proposed another process. By digestion with 
animal charcoal, the alcoholic solution of the resin is 
rendered nearly colorless, and by evaporation yields an 
almost colorless rosin. Jalap re^in is soluble in alcohol, 
but insoluble in water. Triturated with milk it does 
not form an emulsion, but its particles unite into a 
solid mass. By this it may be distinguished from 
Bcammony resin. 

Physiological Effects . — Jalap rosin is a local ind- 
tant It acta as a powerful and drastic purgative. To 
Bcammony it is closely allied, not only by its effects, 
but also by botanical affinities and chemical properties. 
It is much less irritant to the intestinal mucous mchi- 
brano than gamboge ; and, therefore, is a much safer 
purgative. 

Adulteration . — Commercial resin of jalap is rarely, 
voi.. 11 . 


if over, obtained in a state of purity, G^ualaomn resiii 
is tbe substance most frequently found mixed witli it. 
Two methods have been pointed out far detecting this 
fraud— one by means of ether, the other by nitrous gas. 
Etbor dissolves guaiacum very well, but does not dis- 
solve resin of jalap. With uitrous gas the process 
consists in dissolving a small quantity of the sus- 
pected resin in spirit of wine, soaking a piece of whitn 
paper in this liquid) and Exposing tlie paper to the 
action of nitrous gas. If tlie alcoholic solution of resin 
of jalap contain guaiacum, the paper should assume a 
blue tint; if no guaiacum be present, the color will 
remain unaltered. 

Mastic is the produce ef the jmtacia lentiscus, na- 
tive in the South of Europe, the North of Africa, and 
the Levant, particularly the Island of Chios. It occurs 
in small spheroidical translucent tears, of a {mle yellow 
hue, vitreous fracture, agreeable odor, and mild aro- 
matic taste. When chewed, it becomes tough and 
somewhat viscid ; it fuses at about 250®, and begins to 
be decomposed ; it contains a very minute quantity of 
volatile oil. Mastic is a valuable ingredient in certain 
varnishes, and is frequently used for the purpose of 
stopping decayed teeth. It is not employed in medi- 
cine. Its produce is commonly known under the name 
ofinpounce. 

ISANiJARACir, or Juniper resin, is tbe produce of 
thuja articulataj which grows in Barbary. It is im- 
ported from Magadore, and largely used as an ingre- 
dieiiL in varnishes. It usually occurs in small yellow 
brittle drops, easily fusible, and soluble in alcohol. 

ScAMMONY Resin. — The substance known in phar- 
macy under the name of scammony, is an exudation 
from incision of tbe root of the convolvulus scamnioniay 
and appears first as a milky juice, which afterwards 
dries. It isoften very considerably adulterated. Several 
varieties of this drug come into the market, but the 
most select is imported from Smyrna, and occasionally 
from Trieste, under the name of idrym or lachryma 
scammony. It is of a daik-greonish grey color, mo- 
derately hard, and of a somowdiut resinous fracture. It 
sliould not ellervcsce with hydrochloric acid, nor sliould 
its cold filtered decoction be blued by iodine. One 
hundred grains, when incinerated with nitrate of om- 
monia, should not yield more than about three grains 
of ashes : other should abstract from it at least seventy- 
eight per cent, of resinous matter. The odor of scam- 
niony, especially when breathed upon or moistened, 
is peculiar ; and when a little water is rubbed upon its 
surface it should easily lactify. 

The Resin of S( mm on y, obtained by evaporating 
its ethereal solution, is transparent, and of a brown tint, 
but may be decolored by animal charcoal. Its alco- 
holic solution is feebly acid, and water throws down 
from it the resin in the state of hydrate. According 
to Johnston, it is remarkable as containing more 
oxygen than any other resin hitherto analyzed. It is 
a powerful cathartic. 

Lac. — Laque^ French ; Gummilack, German. — This 
resin is produced by the female of a small insect — ^tho 
coccus lacca^ or coccus ficus — which feeds and fecun- 
dates upon the banyan or religious tree of the Hindoos, 
and several allied plants, such as iSxc ficus indteus^ ficus 
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relijiwsat rhamnua jv^vJba^ the croton lacciferim^ 
iiii4 the hutm/rch^om* 

Iel November or December the young brood makes 
its escape from the egga^lying beneath the dead body 
of the mother; they crawl abont a little way, and fasten 
tbemselves to the bark of the shrubs. About this 
period the branches swarm to such a degree with the 
vermin that they seem covered with a red dust, in 
which case they are apt to be dried up and exhausted 
of their juice. Many of them, however, adhering to 
the feet of birds, become their prey, and are canied 
off by them to other trees. They soon produce small 
nipple-like incrustations upon the twigs, their bodies 
being apparently glued by means of a transparent liquid, 
which goes on Increasing to the end of March, so as to 
form a cellular texture. At tliis time the animal resem- 
bles a small oval bag, without life, of tlie size of tho 
cochineal. At the commencement a beautiful red liquor 
only is perceived, afterwards eggs make their appear- 
ance. In October or November, when the rod liquor 
becomes exhausted, twenty or thirty young ones bore a 
hole through the back of their mother and como forth. 
The empty cells remain upon the branches ; they are 
composed of the milky juice of tho plant which serves 
as nourishment to tlie insects, and which is afterwards 
transformed into the red tinctorial matter which 
found mixed with the resin; but its quantity is greater 
in the body of tlje insect than in the eggs, and more 
particularly in the red liquor secreted foi feeding tho 
young. After the escape of the insect tlie cells contain 
much less coloring body, and, consequently, the collec- 
tion of resin ought to take place before that time by 
breaking off tlie twigs and drying them in the sun. In 
the East Indies Uiis operation is performed twice in the 
year — the first time in March, and the second in Octo- 
ber. — Ure, 

The dried branches and twigs are called stick-lac, 
which serves the double purpose of dyeing, varnish - 
making, and sealing wax. 

There are several varieties of stick-lac. According to 
quality that of Siam is considered the best, the Assam 
stick-lac ranking next, and the third quality is pro- 
duced in Bengal. The analyses of the stick, seed, and 
shell lac are here collated : — 

John 

fitick-lan. 


An odorous resin, 

Kesio insoluble in ether, 

“ laccin, 

Coloring matter, 

Laccic acid, 

Extractive, 

Skins of insects, 

Wax, 

Salts, 

Sand, 

Loss, 


.. C6'65 
j- 10-75 

. . 3-75 

. . 0-132 

. . 3-02 

. . 2-08 
.. 1-07 

1-0-t 

. . 0 02 
. . 2-00 


100 00 


Hulcliett. 



Stick-lao, 

Sootl-Iao. 

Shdll-lao. 

Besin, 

68-0 . 

.. 88-5 . 

... 00*9 

Coloriug matter, . 

.. 10-0 . 

.. 2*5 . 

. . . 0-5 

Wax. 

. . 6-0 . 

. . 4-6 . 

. . . 4-0 

Gluten, 

. . 6-5 . 

.. 2-0 . 

... 2-8 

Foreign bodiee,. . .. 

.. 6-5 . 

.. 0-0 . 

... 0-0 

Loss, 

.. 4*0 . 

.. 2-5 . 

... 1-8 


100-0 

100-0 

IQOO 


Lac as brought to Europe is in various fi^rms, such 
as grains, lumps, and thin scales ; the former is called 
seed-lac, and is tho residue after the resinous matter 
scraped off the stick-lac, ground and boiled in water to 
remove the greater part of the coloring matter, and 
dried in the sun ; the second is called lumpdac, and is 
merely the former melted into lumps ; and the third, 
which is named shell-lac, is of tho same nature as tho 
seed and lump-lac, only purer. It is usually prepared 
in India by heating the secd-lac in bags over a fire, 
and by squeezing and pressing, causing the liquefied 
resin to flow out and fall upon the smooth surface of 
the stems of the banyan-lrce ; the coatings thus formed 
on cooling harden and constitute shell-lac. 

It will bo seen from the preceding tables that the 
proportion of resin is much larger in shell-lac than in 
any of the other commercial forms of the resins. The 
better quality of tho article is of a light-brown hue 
passing into orange, and sometimes to a deep ruby 
color, wlicnco the names orange and ruby sholl-lnc; 
the iufeiior kinds are much less transparent, darker in 
color like glue, and in thicker plates. 

By exposure in thin shreds to tho sun’s rays, or in a 
finely-divided state to chlorine water, or by reducing it 
to a fine powder, suspending in water and passing 
hydrochloric acid vapor into the menstmnm, the dark- 
colored varieties aie bleached. When this is done, 
however, tho resin loses many of those qualities that so 
admirably recommend it for some kinds of varnishes, 
but it answers well for making sealing-wax. 

Lac resin is very difficultly soluble in alcohol, though, 
like copal, it may be completely taken up by this solvent. 
Like most of the other resins, it has a strong affinity for 
bases, with which it forms definite corajiounds. Dilute 
hydrocliloric acid and acetic acid dissolve the resin 
freely, but not the strong sulphuric acid. Borax solu- 
tions with tho aid of heat also take it up. The portion 
soluble in alcohol has a specific gravity of 1*139. 
Unverdokhen found it to bo a compound of several 
resins, namely — 

1. Rfsiu soluble both iu alcohol and ether. 2. 
Resin soluble in alcohol, insoluble in ether. 3. Resin 
but very slightly soluble in cold alcohol. 4. Crystal- 
lizablc resin. 5. Resin soluble both in alcohol and 
ether, hut not in petroleum uncrj^stallizablc. Besides 
these, a 8aponifia])lo fat wax and coloring matter have 
been detected in shell-lac. 

S I L V E E. — Argc:i}t, French ; Silber, German ; 
Argentum, Latin. — This is one of the precious metals, 
and is characterized by its perfectly pure white color. 
Its combining weight is 108 ; its symbol, Ag. Melted, 
its density is 1 0*47 : hardened under the hammer, it 
becomes 10' 54. Its specific heat is 0*067. In mal- 
leability it is only inferior to gold, and may be beaten 
into loaves of less tlian ono 'hundred- thousandth of 
an inch in tliickness, and drawn into very fine wires. It 
has also considerable tenacity, a wire of one-hundredth 
of an inch in diameter supporting a weight of twenty- 
three pounds. It is harder than gold, but softer than » 
copper, and when pure it is so soft as to be cut by a 
knife. Tho addition of a small quantity of copper 
increases its hardness. 

Silver melts at a full rod heat, corresponding to 
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1870®; but in consequence of its pure white color, 
and the high lustre which it is capable of receiv- 
ing, its reflecting power for light and heat is greater 
than tliat of any other metal, and, therefore, when 
perfectly polished, it does not molt in the focus of a 
mirror capable of fusing platinum. For the same 
reasons, its radiating power is so low that a silver 
vessel retains tlie heat of a liquid contained in it longer 
than A vessel of any otlier metal. 

Historical Notice. — The discovery of silver 
appears to have been coeval with that of gold, and 
dates back to the earliest tirucs of human history. In 
the book of Genesis it is stated that Abraham, who 
lived about two thousand years before the Christian 
era, was rich in cattle, and in silver, and in gold ; and 
on the death of his wife he purchased a field for a 
burying-placc, the payment for which was made with 
four hundred shekels of silver, wliich he delivered not 
in coin, but hy according to the currency of the 

merchants. Joseph, the great grandson of Abraham, 
was sold by his brethren to a caravan of Arabian 
merchants for twenty pieces of silver ; and when be 
was established in Egypt as minister of the king of 
that country, his brothers brought silver in their sacks' 
mouth to purchase corn during a season of scarcity 
Afterwards, when making himself known to his family, 
Joseph presented to his younger brother, Benjamin, 
throe hundred pieces of silver. The author of the book 
of Job, wIjo is certainly a very ancient writer, not only 
speaks of the dust of goldy but says, Surely there is a vein 
for the silver f and n place for the gold where they fine it; 
so that he seems to have been well acquainted with 
the fact that silver was found in veins, and gold com- 
monly in small particles. The vast amount of the 
precious metals accumulated by David and Soia)MOn 
has boon mentioned in the article on Gold, and in the 
first book of Kings it Is stated that all the vessels of 
the house of tlie forest of Lebanon were of pure gold ; 
none were of silver^ for that metal was nothing accounted 
of ill the days of Solomon, and, in short, the king made 
silver to he as stones in Jerusalem. 

The accounts given by the profane writers of anti- 
quity are equally surprising, and some of them alto- 
gether incredible. In Polybius, for example, is found 
a description of Ecbatana, at a period subsequent to 
the capture of that place by Alexander, in which it 
is stated that the beams, the roofs, and the pillars 
which supported tlie porticos and peristyles of the 
palace, were all covered with plates, some of silver and 
Home of gold. The tiles, likewise, were all of silver. 
Though the place had been three times plundered 
before Antiochus arrived, there were still remaining 
in the temple of Ena some pillars cased with gold, and 
A large quantity of silver tiles, laid together in a heap. 
Crcesus, king of Lydia, who lived about five hundred 
and forty years before Christ, and whose wealth has 
l>ecome proverbial, is stated by Herodotus and Dio- 
dorus to have made presents to the temple of Delphi 
amounting to four thousand talents of silver and two 
hundred and seventy talents of gold, or near three 
millions in value of British money. 

The principal sources from which the ancients 
obtained their gold have been mentioned in tlie article 


on that metal, and probably much of thleSir silver 
obtained from the same localities. Plihv spea!ks gf a 
people named the Dardaneans, who inhabited a country 
the richest of all India in gold mines, and the Selians, 
he says, have the most abundant mines of silver. The 
chief sources of the wealth of the ancient kings of 
Egypt were the mines of the neighboring countries of 
Nubia and Ethiopia, which produced not only copper 
in abundance, but also gold and silver, before iron 
was known in Africa. According to Xenophon, the 
I Athenians worled the silver mines of their own 
country — Attica — from on unknown age, as well as the 
gold mines in their foreign possessions in Thrace, and 
in the island of Thasus. Epirus also had silver mines, 
which continued to be worked in the time of Strabo ; 
but it appears probable that, for a long time, the only 
ore that was used was that found near the surface. 
The Colophonians were the most celebrated among tbe 
Greeks for their skill in smelting gold, but none of 
them were equally expert in smelting silver; for, 
according to Strabo, their successors were enabled to 
separate the silver from the residual earths with a 
profit, although aven the latter were much inferior in 
skill to modern motalluigists. 

But the country most productive of the precious 
i#ctalH, and especially of silver, in very remote ages, 
was the Spanish peninsula, which many authorities 
assume to have been the Tarshish of the sacred 
writings, to which a commercial expedition was sent by 
Solomon. It is certain that Spain was visited and 
colonized by the Phoenicians at a very early period, and 
that continual intercourse was maintained between the 
colonists and the mother country, as well as with the 
tuture descendants of the same race, the bods of Tyre 
I and Sidon, wlio founded Carthage. The story of the 
‘ discovery of the mineral wealth of the country, as 
related by Diodorus, resembles many of the fables 
which in ancient tin)es were dignified with the name of 
history. He states that the Pyreniean mountains wore 
covered Avith thick woods, which were set on fire either 
by the shepherds or by lightning, and continued 
burning so long that the heat molted the minerals, in 
consequence of which the silver, with which the soil 
abounded, ran down into the valleys like a stream of 
water ! He adds, that as the jnhabitants were unac- 
quainlod with its value, they readily exchanged it with 
some Phoenician traders, who accidentally visited their 
shores, for some trifling articles of ornament. The 
traders loaded their vessels with the precious metal till 
they could carry no more, and then cut their leaden 
anchors from the bows, and replaced them with 
others of silver. These statements are extravagant; 
but there is no doubt that in ancient times a vast 
amount of silver was successively extracted from Spain 
hy the Phoenicians, the Cartliagcnians, and the Romans, 
and exported to all parts of tlie world in exchange for 
merchandise. 

Gold, iron, and lead were procured in the South, 
and some tin in the North of Spain ; but the gold Avas 
probably of small amount, and silver was the chief 
mineral wealth of the country. Of this mineral Pliny 
says it was found in all the Roman provinces, but the 
best in Spain, and that in a barren soil, even in tho 
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moimtaiiiB; aud wherever one vein was discovered, 
another was found not far from it. He mentions, as a 
' very singular fact, that the mines begun by Hai^wibal 

I BtlU existed in his time, and retained their original 

names. One, which was still called Bebulo, from the 
discoverer, had formerly supplied Hannibal with 
three hundred pounds weight of silver daily. Tliis, 
ho adds, was effected by means of passages under the 
mountain a mile and a half in length, in which the 
laborers, standing in water, worked night and day by 
lamp-Ugbt to draw off the water, which at lengtli 
accumulated to such an extent as to form a large 
river. Jacob, in his History of the Precious Metals 
— an elaborate work, to which the Editor is chiefly 
indebted for the facts condensed into tins historical 
notice — states that the situation of the mine mentioned 
by Pliny is at present well known to have been at 
Guadalcanal, in the modern province of Cordova, at 
the foot of the Sierra Morena ; and, judging from what 
lias been suiweyed of it in more recent times, the 
water, which was imperfectly drained by the costly 
subterranean tunnel noticed by Pliny, has long since 
overflowed the whole interior of the mine; but whether 
it was exhausted of its treasure and abandoned on tliat 
account, or whether it was destroyed by the influx of 
the water, cannot now bo ascertained. It is interesting 
to remark tliat Hannibal chiefly derived from the 
silver wealth of Spain the sinews of war, which 
enabled him to sliake to its foundations the Roman 
empire ; and, for many years, he greatly over-worked 
the mines of that country in his eagerness to accumu- 
late and hoard immense treasures, with a view to the 
accomplishment of the one gieat object on which he 
had set his whole heart. 

During several centuries of profound darkness which 
succeeded J^ie overthrow of the Roman empire, mining 
operations appear to have been suspended throughout 
Europe, and the dates at which they were generally 
resumed are not precisely known. The chief sources 
of mineral wealth in the middle ages were the Austrian 
mines, or, at least those which existed in countries 
that are now included within that empire; and, of 
these, it is considered probahlo that tl)e mines of 
Chemnitz and Kremnitz in Hungaiy were those first 
worked. Fkeber dates the opening of Chemnitz in 
745, and that of Krcmtdtz in 770; hr.t Agkicola, who 
states that they had previously heeii worked hy tlic 
Romans, dates their reopening nearly a century earlier. 
The silver in these mines is chiefly found in lead, in 
a proportion varying from two to twenty ounces of 
silver in a hundred pounds of the baser metal. In 
Bohemia there are celebrated mines of silver at 
Joachimsthal, in the circle of Saatz, but at what period 
the workings in them commenced does not aj)pear. 
In some of these rniuesthe galleries have been carried 
to the extent of five thousand six luindrod fathoms, 
and some of the shafts are three hundred and fifty 
fathoms in perpendicular dt*pth. At Altenberg, also, 
the metals were found in beds of gneiss, in which were 
mingled felspar and granite ; hut tlio mines of Schell- 
1 gadin are at present the most important. These were 
I also originally worked hy the Romans, and the earliest 
j records of their resumption date back to 1378. In the 


Tyrol, near Brixon, are silver mines, which, during the 
excitement in the sixteenth century occasioned by tlie 
discovery of the mineral treasures of America, obtained 
the name of El Dorado. In the year 1 523 they pro- 
duced three thousand eight hundred pounds of silver^ 
but subsequently they decreased in value, and have 
long been discon tinuocT. 

The mines of Saxony, says Jacob, were first dis- 
covered in the tenth century, when the whole district 
I in which they are situated was covered with wood, 
i and without inhabitants. Some carriers from Halle, 
on their way to Bohemia, observing metallic substances 
in the tracks made by the wheels, took them up and 
I sent them to Goslar to be examined, when they were 
I found to consist of load with a considerable quantity of 
silver. This led to the establishment of mining opera- 
tions, which have continued from the year 1169 to 
the present day. For some years in the fourteenth 
i century the mines of Schneeberg are said to have 
yielded so largo a portion of silver, that the tithes on it 
amounted in thirty years to three hundred and twenty- 
four thousand quintals ; but these latter mines have 
I long been exhausted. 

The mines in tlie Ilartz forest in Germany, whicli, 
at the time of this discovery, formed a portion of 
Saxony, arc now partly in tho dominion of Hanover, 
and partly in that of Brunswick. There are various 
conflicting opinions respecting the discovery of the 
mineral wealth of the Ilartz. The most probable, 
accounts fix it in the tenth century, and the tradition 
is that a hunter of tho name of Ramm, when engaged 
in the chase, had fastened his horse to a tree, when the 
animal, hy pawing with his feet, scraped away tlio .soil, 
and thereby discovered some minerals. Specimens of 
these wore sent to the Emperor Orrio, \vho immediately 
despiitched export miners to examine tho district. Tho 
result was that mines wore cstablisiicd, which still 
continue to he workc-tl, and the oldest is named 
Kammclsl)erg, from tlie discoverer. Jacob estimates 
tho whole Ilartz, including the dominions of Hanover 
and Brunswick, with a small part belonging to Pnissia, 
to have yielded, fur some years prior to 1830, about 
sixty ounces of gold, and three hundred tliousand 
ounces of silver annually. 

From the times when the rich mines of Spain wore 
last worked by tlie Romans, they scorn to have been 
greatly neglected. Cardbnnk, how'ever, asserts that 
the mities of gold and silver which existed in that 
country were a great source of wealth to the Arabs. 
Tlie mine of Zalamea, to the South of tho river 
Guadiana in Andalusia, appears to have been worked 
in the middle ages. It is said to have contained silver 
witliout any mixture of lead, though near it was 
another mine yielding only lead ; but the most impor- 
tant mines of Spain, and those which have attracted 
the greatest attention, from the earliest ages down to 
recent times, are the quicksilver mines at Almaden, 
and tho silver mine at Guadalcanal. Of tho latter 
Mr. Burr observes, that very minute and authentic 
records were preserved during the period it was 
worked in the sixiecntli century, on account of the 
govcrr»raent. In these it is stated to have produced 
four hundred thousand two hundred and twenty-three 
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inwos of silver in the first few years after its dis- 
(jovery, and while worked by the state. After this 
period it passed into the bands of the Fucares, who 
are said to have obtained immense treasure from the 
mine previous to its being abandoned, and filling with 
water. It is only within the last twenty years, adds 
the same authority, that Spain has again become a 
silver-producing country, several very rich mines of 
tliat metal having been discovered since the recent 
revival of mining, which dates back ouly^rom 1825. 
In 1839 the celebrated mines of the Sierra Almagrera 
in the province ot Almeria, were discovered, and they 
have ever since poured a large amount of silver 
annually into circulation, lii 1843 another great dis- 
covery of silver was made — the mines of llicndelencina 
in the province of Guadalajara, which have since been 
very productive ; and, passing over recent and minor 
discoveries, Mr. Burr states that within the last few 
years tlie introduction of Mr. Pattibon’s desilvering 
process — a process fully explained in tl}e article Lead 
— has been very general in the provinces of Murcia 
and Almeria. A large quantity of silver is thus 
annually obtained from the slightly argentiferous lead 
ores of tlio Sierra de Gador, and of Cartagena, not 
formerly extracted, but which now contributes to swell 
the production of this metal in Spain. 

The silver mines of Norway and Sweden were long 
famous, but have latterly become less productive. The 
mine of Salil, or Sala, is said to have been worked live 
hundred years ago. The silver mines of Kougsbeie; in 
Norway wore scarcely known before 1623. In some 
years l)clwecn 1710 and 1767 they yielded a large 
ju'oiit, but in others they were attended with heavy 
loss, and have frequently been suspended for long 
periods. 

Although ill ancient times Britain W'as celebrated 
only for its tin, and yielded but small cpiantitics of the 
precious mettilH, yet not only docs proof exist that gold 
was found to some extent, but Stkauo states that 
silver mines wore worked in this island, and Tacitus 
rci)resents Aoricola, in bis oration before the battle 
of tho Grampian mountains, as reminding his soldiers 
of the riches in gold and silver wliich were to reward 
their valor. It is probable that these riolics existed 
only in tho historian’s imagination — so far at least as 
they were to be found in a form available to the 
metallurgical skill which then existed. In modern 
times silver lias been found in tho British islands only 
in small quantities, except in connection with lead; 
and before the introduction of Mr. Pattison’s process, 
the trouble of its separation from that metal more than 
counter-balanced the i)rofit. There are records, how- 
ever, of silver mines in Cardiganshire, and also in the 
county of Tipperary in Ireland, both of which are said 
to have been worked to^some extent during tho reign of 
Elizabeth. It is staled also that Sir John Erskine 
was a proprietor of silver mines at Alva, near Stirling, 
which ceased to be worked in 1729, having been 
carried on for six yeai*s previously, under the direction of 
one Peek, an Englishman ; and in the reign of Mary 
Stuart some silver mines were worked near Linlitli- 
gow. Tho produce must have been very trifling, and 
the profitable mining of either of tho precious metals 


was virtually a thing unknown in this countiy untijM 
the introduction of Mr. Pattison’s process rendwed 
it advantageous to extract silver from lead ; and ,ais this 
metal is produced to a greater extent in Great Britain 
than in any other country in the world, the result is 
that, by virtue of the prooess above-mentioned, it is 
now actually entitled to no mean rank as a silver- 
producing country. The lead of some of the English 
mines, especially those of Cornwall, and also of the 
Isle of Mw, contains considerable quantities of silver ; 
and the reader will be surprised to learn that one of tl>e 
highest authorities on this subject, Mr. Robert Hunt, 
has estimated that in 1852 tlie United Kingdom fur- 
nished no fewer than eight hundred thousand ounces 
of silver, worth, at fivo shillings nn ounce, about two 
hundred thousand pounds, obtained from lead alone. 

But tho greatest impetus given to the supply of silver 
in what may be termed the modem era, arose from the 
discovery of America by Columbus in 1492. It is true 
that up to the invasion of Mexico by Cortez, in 1519, 
gold alone bad been found in America; or if any silver 
was procured, it seems to have been in small quantity: 
Thirty or forty years after that event, mines were in 
full work at Tosco, Zaltepeque, and Pachuca,but tho use 
of mercury was not yet understood. The smelting of 
the ore was performed in small portable furnaces, or 
cylindrical tubes of clay, voiy broad and pierced with 
a great number of holes. In these the Indians placed 
layers of silver ore, galena, and charcoal, and a draught 
was created by the current of air which passed through 
the holes. Twenty years after tho conquest of Mexico 
by Cortez, Pizarro achieved that of Peru, and numer- 
ous mines yielding both gold and silver were soon opened 
in that country, but none equal in importance to the 
coiobrated mines of the Cerro de Potosi, which were 
discovered accidentally in 1545. According to Her- 
rera, the discovery was made by an Indian hunter, 
Diego Hualca, who, in pulling up a shrub, observed 
lilaraents of pure silver about the roots. On examination 
the mass was found to be enormous, and a very great 
part of the poj)ulation was drawn to the ^ot and 
employed in extracting the metal. A city soon sprung 
up, though in a district of unusual sterility. The 
mountain was perforated on all sides, and the produce 
in a few of tlie first years exceeded anything that had 
been previously recorded in the mining history of the 
world. 

Tlie sensation created tbrougliout Europe by the 
news of tho discovery of the silver treasures of Potosi, 
can only be compared to tho similar effect produced in 
recent times by the discovery of the auriferous deposits 
of Califoniia and Australia, which has been fully 
described iu the article Gold. The wealth of the now 
El Dorado was, however, grossly exaggerated. From 
reliable data it has been estimated, that between the 
year 1557, when the process of amalgamation was 
introduced, and the year 1578, the annual product of 
the Potosi mines did not exceed four hundred and 
forty tlionsand pounds sterling, which sinks into 
absolute insignificance compared with the vast amount 
of treasure now annually exported from Oalifomia 
and Australia, without inclu^g tho newly discovered 
and still comparatively unex^dored depositu on the 
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banks of the Fraser River, On the whole, the greatest 
produce of gold and silver, even at that period, was 
from the Mexican mines, some of the richest of which 
were already in full activity, altliough the amc’unt 
which they yielded was at that time mucli less than in 
the course of the two following centuries — the seven- 
teenth and eighteenth — when quicksilver became more 
abundant, and was more extensively employed in the 
process of amalgamation. The chief increase of the 
precious metals between the years 1600 and 1600, was 
in silver from Mexico, where the production of Zacca- 
tecas, Guanaxuato, and the otlior mining districts, had 
then greatly advanced. In the seventeenth century the 
silver mines of Yauricocha or Pasco, in the northern 
part of Peru, were first opened, and yielded a large 
amount of that metal. It is thus that though Potosi, 
which had at first produced the greatest quantity of 
silver, had declined, the product of the other parts of 
Peru BO much increased as more than to compensate 
for that deficiency; and this increase, especially of silver, 
was greatly facilitated by the extension of the mines of 
mercury at Huancavelica. 

The product of the precious metals from the Ameri- 
can mines continued steadily to increase till 1809, wlien 
tlie convulsions commenced which terminated in the 
separation of the Spanish vice-royalties from the yoke 
of the mother country, and the erection of Mexico, Peru, 
and Cliili into independent republics. During these 
troubles, which continued from 1809 to 1821, the pro- 
duce of the nnnes greatly decreased, but has since been 
gradually augmenting. 

The aggregate and relative amounts of silver obtained 
from difierent parts of the world, will be stated at the 
end of the article under the head of SUitistica. 

Sources. — A s silver is of great use in the arts, not 
only for purposes of coinage, but also for services of 
plate for which it is peculiarly adapted, inasmuch as it 
is seldom attacked in the slightest degree by any of the 
substances used for food, so it occurs in great abun- 
ance n nature, and is largely disseminated both in the 
native state and alloyed with various other metals, 
occurring particularly in lead ores, as noticed under the 
article Lead. 

Native Silver is characterized by most of the proper- 
ties of pure silver, but is always alloyed with a small 
quantity of other metals. It is generally dull at the 
surface, but exhibits, on being scratched, the pure white 
color charactorisLic of the metal. From its slight 
impurities, it is also less malleable and ductile than 
silver perfectly pure. It occurs sometimes crystallized 
in cubes and octahedrons; sometimes in thin leaves 
or in dendritical or arborescent shapes, resulting from 
minute crystals implanted upon each other; frequently 
also it is found in amorphous masses. It is mot with 
chiefly in the primitive formations, as in granite and 
gneiss ; more rarely in the argillaceous schists and grau- 
wacke of tlie transition rocks, accompanied by quartz, 
carbonate and fluate of lime, sulphate of barytes, car- 
bonate of iron, galena, et cetera. The principal localities 
in which it occurs native are — Kongsberg in Norway ; 
Schlangenherg in Siberia; Freiberg, Schneeborg and 
Jobanngeorgenstadt in ^xony; joachimsthal, Przi- 
bram, and Ratiborzitz in Bohemia; Schemnitz in 


Hungajy; Kapnik and Folsocbanya in Transylvania; 
Andreasborg in the Hartz ; Allemont in France ; and, 
lastly, Mexico and Peru in America. In some of these 
localities it has been found occasionally in consider- 
able masses. Thus, at Kougsberg, pieces have been 
extracted weighing from fifty to six hundred pounds; in 
America, at the end of the last century, lumps of two 
hundred to eight hundred pounds were obtained ; and 
on one occasion a block of solid silver was discovered 
in the ming of Jobanngeorgenstadt, which is said to 
have weighed nine or ten thousand pounds. 

Sulphide of Silver — Glaserz or Silherglam^ 
German — contains eighty-five to eighty-seven per 
cent of metallic silver. It is of a blackish dark-giey 
color, dull externally, hut showing a metallic lustre 
when cut. It crystallizes in cubes or octahedrons, hut 
is generally met with in the amorphous state. It is 
slightly malleable, almost as soft as lead, and is easily 
cut with a knife. It fuses readily in the flame of a 
blow-pipe, and even in a simple jet of gas, disengaging 
a slightly sulphurous odor, and ends by being reduced 
on the charcoal to metallic silver. It is met with in 
nature almost always combined with other sulphides, 
as those of copper and lead. This mineral is one of 
the richest and most abundant ores of silver; it forms 
a largo proportion of that annually produced by the 
various foreign mines, ns those of Saxony, Bohemia, 
and Hungary, and is particularly ah\indaiit in the miucs 
of Guanaxuato and Zaccatocas in Mexico. Its compo- 
sition, according to KiiAPROTH, is — 

From From 

llimmclAirit JonchmiNthal 

Silver, 86-50 86*39 

Sulphur, 13*50 13 01 

100 00 100*00 

Red Silver. — Rothfilltvjei% German. — There are 
three species of this mineral : — 1, The antimonial 
suljyhhle of silver, or a double sulphide of silver and 
antimony — an ore of a dark-red or leddish-black color, 
very nearly oi)aque, has a metallic lustre, and usually 
crystallizes in hexahedral prisms. Its coiietituonts are 
— silver, from 66 to 62; antimony, from 16 to 20; 
sulphur, 11 to H; and oxygen from 8 to 10. It is 
met with in almost all silver mines, but principally at 
Andreasberg in the Ilartz, Freiberg in Saxony, Kougs- 
berg in Norway, Schemnitz and Kremnitz in Hungary. 
2. PraistUe, or the double sulphide of silver and 
arsenic, which is of a clear red color, transparent, with 
a brilliant lustre, and contains sixty- four per cent of 
metallic silver. 3. Myargyrite., which diflfers from the 
antimonial sulphide only in containing one-third of the 
proportion of sulphide of silver. 

Brittle Sulphide of Silver — Sproedglaaerz, 
German — ^presents two varieties essentially distinct— 

1. Polybasite, a combination of sulphide of silver, 
sulphide of cojjpcr, and sulphide of antimony or arsenic; 
has a serni-metallic lustre and an iron-grey color; seen 
by transmitted light, in thin scales, it presents a blood- 
red color; it contains 60*6 to 72*26 per cent of silvei, 
and is found chiefly in the Saxon mines, and also in 
Mexico and Peru. 2. Brittle Sulphide of iSi'/ver, properly 
so called — German, Schwarz-guLtigerz — which is a oom- 
binaliou of sulphide of silver with the sulphide of anti- 
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raony or arsOnjc; lustre slightly metallic; color iron-grey, 
and black when reduced to powder; is found associated 
*with the preceding, as also in Hungary, Transylvania, 
et cetera. According to the investigatioDS of Bose 
and Klaproth, its composition is as follows— 

From fnylierg From Sehomnlts 

Jljr KUptoth. Sy Kon. 

Silver 66-50 68-34 

Copper and Arflcnic, 00-50 0 64 

Iron, 6*00 0-00 

Antimony,. 10-00 14-60 

Sulphur 12-00 16-42 

Lose, 6.00 — 

100-00 100-00 

G7’ei/ argentiferous Copper—wmsgiUtigerz^ German 
— a combination of sulphides of silver, copper, lead, 
and antimony ; has a semi-metallic lustre, and a color 
intermediate between that of lead and steel. That 
which is found in the mines of Freiberg contains thirty 
to thirty- two per cent, of silver. The graugiUtigerz 
is a variety of grey copper much poorer in silver than 
the preceding. 

Plumho-argeniiferous sulphide oftismuth — wismuth- 
bleierz, German — is a brittle, leaden-grcy mineral; it 
is a triple sulphide of bismuth, lead, and silver; con- 
tains fifteen per cent, of metallic silver. It is found at 
Schapbach in the Black Forest, but is a rare mineral. 

Anlimonial SUver — speissglanz silher^ Gorman — is 
a semi-metallic substance of a silver-white c^lor, con- 
taining about Bcventy-Boven parts of silver and twenty- 
three of antimony; it is found atWolfach in the Black 
Forest, and in some of the llartz mines, sometimes 
crj'stallizcd in rectangular prisms, but oftenor in con- 
crete masses. 

Chloi'ide of Silver. — sUherhornerz^ Gorman, horn- 
silver — is semi-ductile and sufficiently soft to be cut 
with a knife ; color, pcaii-grey inclining to blue, and 
becoming brown in the air ; has a vitreous lustre ; is 
usually translucid ; cry.stallizos in cubes. When pure 
it consists of silver 75-3, chlorine 24*7, and its compo- 
sition is therefore represented by the formula Ag Cl. 

This mineral, says Piiii.MPS, which was formerly 
supposed to be of rare occurrence, constitutes one of 
the richest and most abundant ores of Chili, where it is 
frequently associated with native silver, apparently 
its decomposition. It also occurs in 
massive ^Vl|fQn)liou8 fragments in connection with 
sulphide of siS^ hut still more frequently in small 
cubical cry’^stals ofreseminated in the ferruginous rock 
known in Chili and Peru under the names of pacoa and 
colloradoe. Specimens of this mineral, although of 
comparatively rare occurrence in the European mines, 
have been obtained from Norway, Siberia, Saxony, the 
Hartz, and Cornwall. 

Iodide of Silver is a rare mineral of a pale lemon- 
yollow color, with sometimes a tint of green. It was 
discovered by M. Vauquelin in the Mexican mines, 
but, from its rarity, is of no importance as an ore of 
silver* It is composed of silver 77*4, iodine 22*6. 

Bromide of Silver was discovered by M. Berthier 
in the Mexican minerals, where it has since been found 
so abundantly in the district of Plataros, near Zaccatecas, 
that the ores there raised have received the name of 
plata verde^ from the green color which it imparts to 


them. According to Berthier, it is composed of 
silver 67*70, bromine 12*60. ^ ‘ 

Native Amalgam^ or ar genial fnercuryi has a very 
bright silver-white color, and is so soft as to be easily 
cut with a knife. It occurs both in distinct crystals 
and in irregular amorphous masses. It crystallizes in 
the regular octahedron or dodecahedron. This mineral 
is found in a great many different localities, but the 
finest specimens have been procured from Moschell- 
andsberg in Bavaria. Its specific gravity is 14*1, and, 
according to Klaproth, it contains thirty-six per 
cent, of silver and sixty-four of mercury. 

Another species of this substance, says Phiulifs, 
forma one of the principal sources of silver in the rich 
mines of Arqueros, in the province of Coqujmbo, Chill 
From its malleability and general appearance this pro- 
duct was for a long time thought to be metallic silver. 
According to the analysis of Professor Dombyko, of 
the raining school of Coquimbo, this amalgam consists 
of silver 86*63, mercury 13*37, from which it appears 
to be composed of six equivalents of silver united to 
one- of mercury, and its composition may therefore be 
represented by tbo formula Ag^ Hg. 

Argentiferous Galena — The sulphide of lead, or 
galena, is almost always associated with a small quan- 
tity of silver in the state of sulphide, and this is the 
source of tlie silver obtained in the British Islands. It 
is regarded as extremely rich when it contains 0 005 of 
! silver, and in many cases it may be extracted with 
advantage when only a tenth part of that proportion is 
present. 

In general, and whatever may be their nature, 
minerals are regarded as rich which contain 0*005 of 
metallic silver. 

Pure Silver.— The silver of commerce is never 
perfectly pure, being always mixed with a certain pro- 
portion of copper and traces of other metals. A small 
quantity may bo obtained pure by dissolving a piece of 
money or of plate in nitric acid, and adding a sola- | 
tion of chloride of sodium ; a double decomposition 
occurs; the silver is thrown down in the form of an 
insoluble chloride, while the copper and any other 
metals that may be present rcmaiti in solution. One 
hundred parts of this chloride are, when separated and 
dried, mixed with seventy parts of chalk and four or 
five of carbon, and this mixture is introduced into a 
crucible and raised to a white heat. Carbonic oxide is 
disengaged, and chloride of calcium and metallic silver 
remain in the crucible. I 

To obtain the silver in a state of great purity, the 
chloride obtained by tbo double decomposition in the 
first instance ought to be repeatedly washed by decan- 
tation with boiling water, to be certain of dissolving 
the other metallic chlorides. Instead of chalk, the 
operation succeeds perfectly by mixing equal parts of 
carbonate of potassa or soda with three or four per 
cent, of charcoal in powder. But as the mixture fuses, 
the disengagement of gas produces, in this case, a 
tumescence which may project the matter out of the 
crucible. For this reason Gay-Lubsac preferred the 
use of carbonate of lime, with which the reaction may | 
be effected without fusion, reserving the temperature I 
capable of melting the mixture for the time v^hen, the I 
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ro^ctioti being finished, no more gas can be disengaged. 
When the contents subside, the crucible is filled up 
with more of the mixture; and when the reaction is 
finished, the temperature is raised to a white heat; the 
chloride of calcium and the silver are melted, and the 
latter forms, on cooling, a button at the bottom of the 
crucible. The chloride of calcium, which lies above it, 
always contains a oertain quantity of chloride of silver ; 
and to separate the sfiver from the chloride recourse is 
had to tlie humid process* The chloride is first puri- 
fied by washing, and then subjected to the action of a 
little sulphuric acid, and a plate of zinc purified by 
distillation. The reduction is effected rapidly, and the 
silver forms a grey, spongy, mass, which often floats 
on the top, because it is penetrated by hydrogen gas 
proceeding from the decomposition of the water. By 
stirring with a glass rod, after withdrawing the zinc 
plate, the hydrogen is separated from the spongy mass, 
which then falls to tine bottom. The liquid is then 
decanted off, end its place supplied by water and a 
little sulphuric acid. Ihis new treatment is necessary, 
for the spongy substance is a combination of silver with 
zinc, and not pure silver. Accordingly bubbles of 
hydrogen gas, proceeding from the solution of the zinc, 
are soon found to be disengaged abundantly. When 
this ceases, Uie powder is washed by decantation with 
boiling distilled water till the liquid is no longer 
rendered turbid by chloride of barium. In this way 
the sOver is obtained pure, in a state of minute 
division. 

Ch/itmcal Properties , — At ordinary tcmpcratiTres 
silver is not acted upon by oxygon, but it is tarnished 
if exposed to an atmosidiere containing very minute 
portions of sulphide of hydrogen, wdiich is always 
present, to a greatei or less extent, in the air of cham- 
bers heated by coal fires. When melted, however, in 
open vessels, it possesses the remarkable property of 
absorbing about twenty-two times its own bulk of 
oxygen, which in solidifying it disengages, producing, 
probably, that kind of metallic vegetation which takes 
place on ihe surface of tlic silver button when suddenly 
cooled ill the cupel. It is not known whether there is 
chemical combination or merely mechanical absorption 
in this case ; but Baruuel considers the latter liypo- 
thcfiis by no means probable. The effects of this singular 
phenomenon, which has been already alluded to in Vol. 
II., j)age 284, in connection with tlie refining of gold, 
are best shown when the mass of racial is considerable, 
as, for example, about fifty or sixty pounds. They 
were carefully studied by Gay-Lussac and Lucas, 
and are altogether so remarkable that a somewliat 
more minute account oftliem may not be unacceptable 
to the reader. After maintaining about the quantity 
of metal above-mentioned for a long time in a state of 
fusion, it is left to cool Bpontaneoiisly, and begins to 
solidify at the surface. This process commences 
towards the edges, and advances towards the centre. 
The crust thus formed soon cracks, and very fluid 
silver cscaj)es through the fissures, spreading itself over 
the surface in a thin layer. This first stage of tlie 
phenomenon appears due, not to a disengagement of 
gas, but rather to the expansion which results from a 
commencement of crystallization. Soon afterwards, as 


the cooling proceeds, the gas in escaping begins to raise 
the solidified crust at several points, and produces a 
singular formation of miniature volcanic cratera, through ♦ 
which a current of oxygen is disengaged, while lavas of 
melted sihor stream over their edges. In the middle 
of each little Crater the liquid mass is seen boilingL 
I violentl 3 \ In proportion ds the disengagement of gaol 
proceeds, the Iicight of these craters incroasoa, in con- 
sequence of the solidification of the metal which flows 
over their sides ; the greater part of them got partially 
choked up, whilst the gas escapes with a constantly 
increasing force, dragging along with it drops of melted 
silver, which it projects to a distance, and producing at 
each eruption small explosions, which succeed each 
other at very short intervals. The cones of eruption 
may ultimately attain a height of one and a half to two 
indies, with a character at the base of two to three 
inches ; and for a quantity of fifty pounds of silver, tlio 
total duration of the rochage^ as the process is termed 
in France, varies from thirty to forty-live minutes. 

This phenomenon docs not occur when the silver is 
alloyed with a small proportion of copper, gold, or 
lead ; even one per cent, of copper prevents the absorp- 
tion of oxygen on which it depends. Tliat this is tlie 
cause of the phenomenon may he demonstrated on a 
smaller scale by heating to a white red in a crucible a 
considerable quantity of silver, and proj(*cting upon it 
a little nitrate of potassa, which, by its decomposition, 
produces an atmosphere of oxygen. The crucible is 
then to be covered, and the heat continued for some 
time, after which the lid is removed and the vessel 
plunged iiito a tub of water, placing over it an inverted 
bell-glass filled with the same liquid; the oxygen 
which is disengaged is collected iu the bell-glass, and 
may bo measured. This experiment, says Bauruel, 
is not without danger, for the oxygen may be disengaged 
all of a sudden, and thus produce a violent cx])losion. 

When silver is subjected to a very high temperature, 
either by means of a burning lens, the flume of the 
oxyhydrogeu blowpipe, or a powerful voltaic battery, 
it rapidly volatilizes, and burns with a greenish flume. 

In a stale of fusion it rna}’ be ciy^stallized, and in this 
case it assumes the cubical form. 

Silver does not absorb the oxygen of tlie air when it 
is fused with the alkalies, and for this reason silver 
crucibles are used in labc^ratories for making analyses 
of silicates by means of the caustic alkalies, which 
would attack platinum ones. Chlorine, bromine, and 
iodine combine very well with silver, and of these 
throe bodies iodine is that which has the greatest 
afiinity for it. Of tlie acids, it is acted on most power- 
fully by nitric acid, which dissolves it in the cold; 
concentrated sulphuric acid requires lieat to dissolve it, 
Uydrochloric acid attacks it only with difficulty, by 
leaving it a long time to digest ; however, if the metal 
is in a very divided state, and the liquid bo heated to 
ebullition, the action oven of this acid is pretty rapid. 

Silver readily combines with sulphur, and hence the 
fact already stated — ^the facility with which it is tar- 
nished by contact with air containing even a very 
small proportion of sulphide of hydrogen. In this case 
its discoloration arises from the formation of a brown 
film of sulphide of silver. To clean articles so tar- 
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nishecl, the simplest method is to plunge them for some 
time into a solution of manganato of potassa — eftamekon 
minemi— -which is obtained by heating to Todness a 
misLture of equal parts of potassa and binoside of 
manganese. In this operation the mangauate is 
, ^ decomposed, and reacts on the sulphur of the sulphide 
jIP of silvery which it oxidises and then dissolves. Oxygen- 
TT ated water, if convenient, may also be employed for the 
same purpose. • 

Metallurgy of Silver.— With reference to their 
metallurgical treatment, tho minerals of silver are 
divided into four classes ; — 

1. Argentine ores, properly so called, and worked 
for the silver alone ; 

2. Ores of lead and silver ; 

3. Ores of cbpper and silver ; 

4. Ores of letid, copper, and silver. 

The sci>aration of silver from its ores is effected 

either by the method of amalgamation, or by a series 
of successive smeltings, which concentrate the silver in 
a certain quantity of lead, and the silver is afterwards 
separated by ciipellaliou. The first of these processes 
consists essentially an bringing the silver ores, 
which have been previously pulverized and sub- 
jected to a special preparation, into intimate 
contact with metallic mercury; the silver is 
dissolved in tho mercury, and tho amalgam, 
being scjiaralcd from the other matters by 
wasliing, is subjected to distillation; a resitbie 
is thus obtained. The advantage which this 
process presents over all others, is its great 
simplicity ; but as any associated metals which 
; niay be present, such as copper and load, arc 
I thereby lost, this method is usually employed | 
i only for ores which contain an insign ificani 
I proportion of these or other foreign metals. In 
I the other prt)CcsBes the product obtained by 
I successive roastings and snicltings is a quantity 
j of argentiferous lead or cojgjcr^ from which the 
j silver remains to be separated. In the case of 
I lead it is separated, as already stated, by cupcl- 
i lation ; for copper, the mass must first be submitted 
I to oliquation— an operation which consists in melting 
[ or sulming out tlic* silver from tho copper, and ilieii 
I cupelling with lead. 

j I. Okeb Worked for the Silver alone. — It 
I has been stated that ores of this class, wliicli do not 
contain an important proportion of otlier metals, arc 
subjected to a process winch consibts essentially in 
forming an amalgam of the silver with mercury, and 
then subjecting tho amalgam to distillation. This is 
the essential part of the process. Much of its success, 
however, depends on the maimer in which it is con- 
ducted, and especially on certain preliminary operations 
which are required to bring the ore to that state of 
minute division in which it is most favourably circum- 
! Btaucod for causing the whole of the silver tliat is 
contained in it to combine witli the mercury. There 
are two processes by amalgamation, the American or 
Mexican and the Saxon, which differ considerably from 
each other in this respect. 

American livoccM by amalgamaiion . — This method, 
invented in Mexico by Bautuolomeo de Medina in 

YOL. JL 


1557, is still practised in that country in all its primi- 
tive simplicity ; and, perhaps, when the cheapness of 
labor, the poverty of the ores, the scarcity of fn^, and 
the deficiency even of water-power are considered, it 
could not be profitably superseded by any other. It 
will be found that its principal oharacteristicB depend 
on these circumstances. 

The ore, on being extracted from the mine, is placed 
in the hands of the pepenadore^y men and women who 
bxeak ell the larger pieces with hammers, and after 
rejecting those in which their experience teaches them 
that no metallic particles are contained, and setting 
aside those which are very rich to be treated by tlic 
smelting process, they subject the rest to a process of 
crushing and pulverization, with a view to its direct 
treatment by amalgamation. The ores destined for 
this treatment are submitted in the first place to Die 
action of tho ingemoa or stamping mills, which are 
either driven by mules, or, when water-power is at 
hand, by moans of a small breast-wheel — Fig. 485. 
Tho long horizontal shaft fixed on the axis of the 
wheel is armed with five or six cams, placed at diffe- 
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rent situations round the shaft, so as to act in succession 
on the projecting teeth of the upright pestles or 
stampers, each of which weiglis two hundred pounds, 
and works in a corresponding oblong mortar of stone 
or wood. It is estimated that a battery of eight of 
these stampers, is capable of reducing to powder three 
thousand five hundred pounds of ore in twenty-four 
hours. 

The powder thus obtained not being sufiiciontly fine 
forijthc iimqioso of amalgamation, it is transferred from 
the stamps or morteroa to be reduced to an impalpable 
slime or mud in the crushing mills or arrastres, repre- 
sented in Fig. 486, into each of which a little water is 
introduced. These mills are commonly worked by 
mules, which turn a vertical shaft armed with two 
cross-bars. Tho grinding stones, as well as the sides 
and bottom of the mill itself, are composed of granite, 
four blocks of which revolve in each crushing mill, one 
attached to each of Die arms. They are usually placed 
in a covered shed or gallery, as i^own in the figure, 
which represents the arrastrea of the hacienda or 
inelallurgic works of SoJgado, near Guauaxuato. These 

6p 



coritain tliirty-six dry statopera, alsb worked by mules, liferous mud six hundred pounds of powder in twenty- 
aud[ forty-two crushing mills in which water is used, four hours. The mules are changed every six hours. 
Each of the latter reduces to a fine impalpable metal- This operation is considered of groht Importance, for 



the Bubsequent amalgamation is so much the more 
complete, and the loss in mercury less considerable, in 
proportion as the ore is reduced to ii more minute 
state of division. 

The ore tlius ground into a fine paste is termed 



Zama, and is conveyed into pits of three to six feet in 
depth, where it is allowed to dry in the sun till it 
acquires a certain conBisteuce. It is then carried to 
the patio or amalgamation floor — Fig. 487 — which is 
a flat space open to the sky, and Biirroiinded by a stone 
wall. At Zaccatoens the paJlh is rectangular, three 
himdred and twelve feet in lengtjli by two hundred and 
forty in breadth, and capable of containing twenty-four 
flat circular heaps of lama, each about fifty feet in 


diameter and seveu inches deep, arranged in four rows. 
These heaps are termed turtuB, A small space is 
usually reserved at one corner for the purpose of 
performing assays on the ore, with the view’ of deter- 
mining bcforeliantl the proiiortion of mercury that may 
be iiecessaiy* to iucorj)orate with each heap. 

At Zaccalccas tlie iorluB aro formed in the following 
manner In the first inst*;nco a space of the requisite 
size is marked out and inclosed by a number of rough 
jdanks, wdiich arc pr()j)ped in their places by huge 
stones. About one hundicd and fifty buBhols of crude 
or impure sea-salt are then introduced into this incloBcd 
space, and over this about six hundred metrical quintals 
of the lama or ore in a state of fine paste. The salt 
and lama are then well mixed by turning with shovels 
and treading with mules, after which tlie mixture is 
left at rest during the remainder of the day. On the 
morrow, after about an hour’s further treading witli 
mules, the morjintral, or roasted and pulverized copper 
ore — a mineral containing ten per cent, sulphate of 
copper, and as much sulphate of iron — is added in 
greater or less quantity, according to the richness of 
the argentiferous ore and the season of the year; in 
summer, for example, and with tlie richer ores, about 
seven hundred and fifty pounds to the lorta, and in 
winter only half tliat quantity; for it is stated as a 
singular fact that in summer iho mixture cools and 
requires more warmth, while in winter it acquires of 
itself additional heat. The larger proportion is for 
minerals coutaining 0*0015 of metallic silver. When 
the operation proceeds too rapidly, arising from the 
presence of too much magistral, wliich would occasion 
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a greater loss in mercury, the remedy is to add a 
certain quantity of lime, which serves to cool the 
lama. 

When the magistral has been introduced, the tread* 
ing out is continued for dve or six hours by means of 
six mules^ When the whole has been well mixed, the 
process of amalgamation is commenced by adding a 
certain quantity of quicksilver, which is sprinkled over 
the heap by straining it through a bag of coarse cloth. 
The treading by mules is then continued, and the whole 
is turned over for some hours with wooden shovels. 
This operation is repeated for several days, until tlie 
amalgamator ascertains by examination that all of the 
mercury is taken up. He then adds a second and 
sometimes a third charge, repeating on each occa* 
sion the same treatment. Wlien the last charge has 
been added, the mixture is again thoroughly trodden, 
and the mass is then removed by tlie laborers on 
hatidbarrows to the lavaderoa^ whore the amalgam is 
separated from the earthy matters by washing. 

To judge of the progress of the amalgamation from 
time to time, the amalgamator uses a small black earth- 
enware basin, flat and round, or somewhat similar in 
form to that represented in Vol. IT., Fig. 221, page 272. 
In this dish he puts a little of the lama or paste which 
is under the process of amalgamation, and holding the 
dish inclined and half-immersed in the water, he.gives 
it a rotatory movement in a i>lano perpendi*. elar to its 
axis, so that there is formed in the submerged part of 
the basin a circular current of water which retains the 
sand in tlie centre, while the heavy or metallic grains 
arrange the in selves around the cirouniferenee according 
to their specific gravities, and there the amalgam is 
observed in small spangles. Usually eight parts of 
mercury are added lor one part by weight of silver 
contained in the ore. Thus, at Zaccatocas, for an ore 
whicli is presumed to contain 0'001G25 of silver — and 
this is the average proportion — there is added to the 
torta, which is estimated to contiiin about two hundred 
pounds of silver, on the first occasion nine liundrcd 
pounds of mercury; on the second, three hundred 
pounds ; and on tne third and last, four hundred and 
twenty pounds, making a total of one thousand six 
hundred and twenty pounds of quicksilver. The entire 
duration of the amalgamation is twelve to fifteen days 
in summer, and twenty to twenty-five in winter. This 
is less than a third of the time required at some other 
Mexican mines, which evidently arises from the small 
elevation given to the tortas, and the consequent 
exposure of a largo surflice to the action of the solar 
rays. 

The next operation is Uie washing of the amalga- 
mated ore, for the purpose of removing tlie earthy 
matters, and of thereby obtaining the amalgam or 
mixture of silver and mercury in a separate form. 'Jliis 
operation is perfornjed in lavadcros^ or washing vats, 
which are circular in form, and solidly built in masonry, 
oadx about eight feet deep and nine in diameter. A 
horizontal tootlicd wheel, mounted on a shaft worked 
by mules, communicates, through the intervention of 
another toothed wheel, a movement of rotation to a 
vertical shaft placed in the middle of the vat, and armed 
at its bwer part with four agitators consisting of cross 


beams, from which rise long wooden teeth to the fiei^t 
of five feet. A small stream of water continually fidws 
into the vats from a tank on a higher level. Under the 
action of the agitators the lighter earthy matter is kept 
afloat, while the heavier amalgam sinka to the bdiom, 
and from time to time the former is allowed to flow out 
into a second similar apparatus, where it is subjected 
to a second washing, and then allowed to run away. 

An entire torta of amalgamated ore may thus be passed 
through one vat in twelve hours. 

The liquid amalgam obtained in this manner is then 
strained through a leathern bag, the bottom of which 
is formed of strong canvass or thick flannel. The 
uncombined mercury is thus squeezed out, carrying 
along with it a small quantity of silver, which is not 
lost, as the same mercury is employed in the next 
amalgamating operation, while there remains in tlie 
bag a mass of semi-solid amalgam, which is submitted 
to distillation to obtain the silver. For this purpose it 
is moulded into wedge-shaped masses, each about thirty 
pounds in weight, which are arranged in a circle in 
what is called the hurning to the number of 

eleven, on a solid plate of cast-iron having a hole in its 
centre. Over this row of wedges several others are 
built, and the whole pile is covered with a large iron 
boll called a capelliim^ which is lowered down upon it 
by means of pulleys, and carefully luted at the bottom 
to the iron plate with a raixtui'o of ashes, crude salt, 
and lama. A loose wall of fire-bricks is then built 
round the capcllina, leaving an interval about a foot in 
width, which is kept filled witii burning charcoal all 
night ; and after the heat has been applied about twenty 
hours the hrieks and ashes are removed and the capel- 
lina hoisted up. The silver is then found in a solid 
mass, the mercury having passed off in vapor through 
a pipe fixed to the opening or hole in the ground plate, 
by which it is conveyed into a cistern filled witli water, 
and there almost all condensed. The silver, which 
remains on the plate in solid pieces, is weighed, and is 
then usually remeltcd in reverbeiatory furnaces, and 
cast into ingots or bars, each about eighty or ninety 
pounds in weight. Latterly, at some establishments 
cylindrical retorts of cast-iron Lave been introduced for 
distilling the amalgam. The loss in mercuiy is usually j 
about one and a half per cent, of the weight of silver i 
obtained. ) 

The rationale of ilic process of amalgamation, as I 
above described, may be explained as follows In 
America the silver exists in the ores, partly in the 
native state, partly as a chloride, and jiartly as a simple 
or mnlliplo suljihide. The copper pyrites which is 
added reacts on the chloride of sodium employed, 
producing sulphate of soda tind bichloride of coiipcr ; 
the latter acta as an energetic cliloridizing agent on 
the sulphide of silver in the ore, which it changes 
into chloride of silver, passing at the same time itself 
into the state of protochloride. The chloride of 
silver is in its turn reduced by a part of the mercurj^ 
added, forming willv that part protochloride of mer- 
cury, and with the other an amalgam of silver. It is 
the protochloride of mercury so formed that is carried 
away by the waters in the process of washing, and con- 
stitutes almost the whole of the loss in mercury. Tho 
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chloride employed serves not only to transform the 

dense white fumes of arsonious acid and oxide of anti- 



sulphate of coppei' into deutochloride, but likewise to 

mony, which deposit themselves in Uie condensing 



dissolve the chloride of silver, and thus to facilitate 

chambers above; after this the ignition of the iron 



considerably its reduction by the mercury. 

pyrites becomes obvious by the appearance of a bluish 



On an average the American ores are very poor, and 

flame and a strong oflor of sulphurous acid. When 



do not contain mote tiian (bOOlbO to 0*00160 of silver. 

this smell has passed away the chlorination is com- 



It is their immense quantity, and not their suj^rior rich- 

menced by raising the temperature to a bright red, 



ness, that es:plain8 the large production of tlie silver 

and maintaining it at that point till no more gas is 



mines of America* The most celebrated are tliose of 

disengaged ; this requires about three-quarters of an 



Pasco, Cerro de Bambon, Chota, and Huantajaya in 

hour, so that a charge is passed tlirough the funiace 



Peru; Zaccatocos, Guanoxuato, Valenciana, and Veta- 

every four hours. DiJ-itig the first part of the ojjera- 



grande in Mexico. Pasco produces annually one 

tion, or the roasting properly so called, the arsenic and 



hundred thousand to one hundred and fifty thousand 

antimony are separated, and the sulphides of iron | 



pounds of silver; Huantajaya fifty thousand pounds; 

and copper are converted into a basic 8ul]>liate of ses- 



Zaccatecas three hundred tliousand pounds; Guaiiaxuato 

quioxide of iron uni subsulphalo of copper. TJiese | 



two hundred thousand pounds ; Valenciana one hun- 

sulphates, in the second part of the process, or the chlo- j 



dred and fifty thousand pounds. It is estimated that 

rination, react in their turn on the clilorido of sodium, ' 



five-sevenths of the silver produced in America is 

j)roduciug sulphate of soda, protochlorides of iron and j 



obtained by amalgamation, and only two-sevenths by 

copper, and chlorine, which combines in the nascent | 



smelling the ores. 

state witli the silver contained in the ore, thereby con- j 



Saxon Process by Amalgamation . — It was only at 

verting it into a chloride. Hero it is the chloride of 1 



the end of the last century that the method of treating 

iron which principally acts as the chloridizing agent, j 



silver ores by amalgamation was introduced into Euroj)e. 

whereas in the American process it is the clilorido | 



Here the circumstances are different to those in Mexico 

of copiier. At the Halsbriicko works there are four- ) 

1 

1 


and Peru ; fuel is cheaper, mechanical moving power 

teen roasting furnaces, in each of which about five tons i 

1 


is abundant; manual labor is more expensive; it is 

of ore are operated upon w’eckly ; and the condensing | 

1 

1 


therefore important to replace the latter as far as pos- 

chambers or soot vaults yield in the aggregate, during , 

1 


sible by the former two, and this principle will explain 

the same lime, from four to five tons of ore-dust, con- 

1 


the chief points in which the European process differs 

taining about sixteen pounds, or ()’00125 to 0*00150 of 

1 


from the American. These points of difference will 

silver. This dust is treated separately in the same 1 



appear from Uie following account of the method by 

manner as the crude or unroasted ore. The fuel of the | 



amalgamation, which is practised at the 'ITalshriicke 

first fire is pit-coal ; of the i'miKliing one fir-wood. Of ' 



works, near Freiberg, in Saxony, the most complete 

the former one hundred and fifteen cubic feet, and of 

1 


establishment of the kind in Europe. 

tUo latter two hundred and ninety, are iq>on an average 

1 


In those works no ores which contain more than 

consumed for every five tons of ore. The service of a , 

1 

j j 


seven per cent, of lead, or ore of copper, are submitted 

roasting furnace requires two workmen per twenty-four ' 

1 


to amalgamation, l>ecause beyond that point the lead 

hours of work. | 

! 

1 


entering into the amalgam would render it very imj^ure, 

The roasted ore is thrown on a grating inclined at j 



while making the operation itself more difficult, and the 

an angle of dS'*, and having sixteen aportunjs to the 



copper would be entirely lost. The most usual con- 

square inch. I'hat which passes through falls on a | 



stituents of the ores are sulphur, silver, antiinonial 

sieve or riddle about eight feet long by eighteen inches i 



silver, bismuth, sulphides of arsenic, of copper, iron, 

in width ; it is inclined at an angle of 6®, and, in the i 



lead, zinc, et cetera^ with several earthy minerals. Ores 

u])per part, has eighty apertures to the square inch, | 



of differenfrqualities are sorted together in such a way 

hut only fifty in the lower. Three degi*cc8 of fineness i 



tliat the mixture may contain an average of about four 

are thus obtained — the coarse^ which remains on the 



ounces of silver per one hundred pounds of ore. It is 

grating and the riddle ; the fine^ wliich passes through ; 



necessary, also, that they shall cont^iin a certain pro- 

the upper jiart of tlie riddle ; and tlie middling^ which 



portion (A sulphur, to decompose sufficient chloride of 

pasHes to the lower part. On the average the pro- 1 



sodium in the roasting to cause as much chlorine to he 

portions obtained are twenty-nine parts of fine, one of 



disengaged as shall convert the whole of the silver into 

middling, and one and a half of coarse or large grains. 



a chloride. Accordingly, ores poor in sulphur arc mixed 

The latter is broken with a hand-hammer ; it is then 



with those that are richer, and generally abotit tliirty 

crushed, along with the middling size, under granite 



per cent, of iron pyrites is added. When the whole has 

millstones, and afterwards subjected to a second roast- 



been well pulverized in a stamping mill, about one-tenth 

ing with two percent, of chloride of sodium ; but in this 



of its iveight of salt is added, and the mixture is then 

case the operation lasts only two hours instead of four 


' 

roasted in a reverberatory furnace, the floor of which 

as formerly. The fine is ground ia a dry state between 


i 

18 elliptical, and is about six feet in length by eight in 

granite millstones. The top stones or runners make 



breadth ; the height of the vault in the centre is about 

one hundred and twenty to one hundred and forty 



eighteen inches. The furnace is charged with throe 

turns per minute ; they are radiated like those of meal 



and a half to four hundredweights of the prepared 

mills ; the grooves have a depth of about one-fifth of 



ground ore, which is first dried at a low heat with 

an inch, and require to be dressed or renewed every 



incessant turning over ; the fire is then gradually 

three or four days. When they are first put up they 



raised. At first vapor of water is disengaged, then 

! are about two and a half feet in diameter, with a thick- 


J — — — 

-J 
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I108S of about twenty inches ; and when this thickness 
is reduced one-half, they are used for the lower or bed 
stones. It is estimated that from two to three horse- 
power is required for each mill. Ther^ are in all ten 
pair of stones, and each of them grinds per hour from 
one hundred to one hundred and fifty pounds of roasted 
ore, besides which there remains on tlie bolter twelve 
to fifteen per cent, of coarse material, which must be 
passed a second time between the stones. The service 
of two pair of stones requires two workmen per 
twenty-four hours of work. 

The amalgamation is i>erformed in casks firmly 
hooped with iron, and each about two feet ten inches 


Fig. 4S8. 



j long hy two feet eight hioliCB in iiitornal diameter, 
I There are twenty of thorn, arranged in four rows, and 
turning on horizontal axes. Figs, 488 and 489 will 
give an idea of this arrangement. Attached to the 
cud of each cask, c, c, is a toothed wheel, wm, which 
engages another tootlied wheel, M, mounted on a shaft, 


Fig. 4S9. 



s, which is driven by water-power. Each of tlie casks 
has an opening, r r, about four inches in diameter, and 
securely closed by an iron or wooden screw stopple 
•during the amalgamation. The roasted ore is charged 
into hoppers, D, D, which are prolonged downwards by 
conical tubes, d, r/, and leather hose, e e. The latter 
are introduced, during the charging of the casks, into 
the openings, r r, and then turned upward as one of 
thorn is shown in the figure. Above each cask is a 
vessel, £, for containing the exact amount of water 


required for each charge, and these are also fitted with 
flexible tubes and stopcocks for allowing the watf^ to* 
pass as required. The bearings of the wheels, m 
mounted at one end of each of the barrels, and through 
which tbey receive their movement from the wheel, 

M, are supported on slides which move to and fro 
upon the’ibars, /, and the wheels can therefore bo 
disengaged at pleasure. The charge is commenced 
by introducing into the barrels the water from the 
vessels, e, each of which contains thhty-threo gallons, 
and tbe whole of this Is transferred into the barrels ; 
the roasted ore, to the amount of ten hundred- weights 
for each, is then introduced, and lastly there is added 
from eighty to one hundred pounds of iron in pieces 
about one and a half inch square by three-eighths 
thick. The stopples are then screwed in, and the 
casks arc thrown into gear, and made to revolve slowly 
for about an hour and a half at the rate of fourteen to 
fifteen tunis in the minute. During this stage, tbe 
chloride of silver dissolved in the alkaline chloride is 
decomposed hy the fragments of iron, producing^chlorido 
of iron and metallic silver. It is very important tliat 
the roasting should have been carried far enough to 
decompose all the chloride of copper ; for if not so, the 
latter would be equally reduced hy tlie iron to the 
metallic state, and w'oiild subsequently pass into the 
amalgam, rendering it very im])ure. At the end of an 
hour and a half the barrels are stopped, and five 
hundred and fifty pounds of mercury introduced into 
each, by moans of pipes connected with the tube //, 
which communicates with a large graduated iron rcser- 1 
voir. The barrels are tlkcn put in motion again, with 
a speed of twenty to twenty-two revolutions per minute, j 

and this is continued for nineteen hours without inter- j 

mission, except for a short period at the end of every ' 

four hours to examine whether the paste has the proper ! 

consistence, and to judge of the progress of the opera- j 

tion. The reaction is facilitated by the elevation of I 

temperature which is observable in the contents of the ! | 

barrels, and wliich is greater in proportion as the i 

velocity of rotation is more considerable. The higher 
the temperature the more completely will the residues | 
be exhausted, but the greater will be the loss, in the : 1 

subsequent washings, of very minutely-divided mercur}', i 
which it will then be impossible to recover. There is | 
therefore a proper medium, which has been determined I 
by experience to correspond to about OO''. j 

The amalgamation being now considered as termi- i 

nated, the barrels are nearly filled with water, and are 1 

made to revolve during two hours with a speed of i 

eight or nine turns per minute, to collect the amalgam. | 

The motion is then stopped, and the process of dis- 1 ! 

(diarging them is proceeded with. For this purpose 
the conical bungs, by which they were hermetically 
sealed during the amalgamation, are removed, and a 
leathern tube fitted with an iron stopcock is inserted 
into each aportiiro ; the ban-els are then reversed, so 
that the apertures are turned downward, and the 
amalgam is made to fall along the sluice, into the 
gutter, if which conducts it to a general reservoir. 

The barrels are then turned up to adjust to them hollow 
stoppers fitted with wire-grating ; and in reversyig them 
again the slimy residue falls into the canal, o, which 
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conducts them to tlie washing vatfi, while the pieces of 
iron retained by the grating remain in Uie barrels. 
Altogether each operation lasts twenty-four hours. 
About two pounds of iron are consumed in eacli barrel 
at one operationi and about thirty pounds are added 
every fifteen days. 

The amalgam obtained is strained by iamd labor 
through a flannel bag of a conical form; the mer- 
cury which passes through contains at the utmost 
0‘00004 of silver, and is passed back into the amalga- 
mation barrels* The solid amstlgam, which remains in 
the bogj contains, according to Kersten’s analysis : — 

Mercury, 84*20 

Silver, 11*00 

Copper, . . 3*50 

Antimony, zinc, and Iciwl, 1*00 

Salphur, trares. 

Lose, 0-30 

100 00 

DistilliRff the Amalgam , — The mercury is separated 
from tiie silver by distillation. For this purpose the 
amalgam is placed in flat iron dishes, under a bell- 
apparatus. Fig. 490 represents the four bells einplc»yed 
I at the Ilalsbriicke estahlishmont ; w, w, tw, m are 

I wooden drawers, sliding in grooves upon the bases 5 q ; 

and each of which contains an open box or basin, a o, 
of cast-iron. In these basins are placed vortical iron 
nxls, a a, resembling candelabra, resting upon tliree 

Fiff. m 


j I feet,' and each supporting five flat iron dibhes, formed 

: I with holes in the centre, whereby tliey arc fitted upon 

i ! the iron rods, throe inches apart, each plate being 

' I successively larger than the one above it. About 

I i sixty pounds of amalgam are put into each dish, and 

' ! the whole is covered with a cast-iron bell, h ft, whieb 

! 1 is raised and lowerevl by means of pulleys. When the 

I ; bells have been let down into tlieir place, the aperture 

; through which they descend is covered with an iron 

, plate, r, and the open space, a a, which forms the 

t stove, is closed in front with a door, c, tho edges of 

I which arc carefully luted. The boxes, and basins, 

0 , are filled with water, which must be continually 
renewed through pipes in the sides of th© boxes, so 
that tho iron basins may always be kept partially 
immersed, and as cool as possible. Tho fuel is then 
placed in the vacant spaces, s round the upper part 
of the bells ; and the doors, c, being closed and luted, 
the fire is fed gradually, first with turf and then with 
charcoal, in such way tliat it does not attain its maxi-* 
mum heat until about eight hours have elapsed, after 
♦ which tho fire is allowed to dedino gradually. The 


management of the firo is a point of the greatest 
importance, and requires the most careful attention, 
for if the temperature be not raised very ©autiouBly, 
tliero is much risk of the bell breaking, and also of 
a part of tho silver being carried over mechanically 
by tho mercury in volatilizing ; on the other hand, if 
the temperature be not suflicioutly elevated, there will 
remain in the silver a greater or less amount of tho 
mercury, which will ho completely lost in tlie refining. 

Each distilling operation lasts twelve hours, and the 
product is about forty-five pounds of plate or teller 
silver from each hell. The teller silver contains only 
about seventy-five per cent, of fine silver, the remainder 
being chiefly copper; it is melted in an open iron 
crucible, and cast into ingots — a process by which some 
of the impurities are removed, and tlio ingots contain 
about eighty per cent, of fine silver. 

The earthy residuum of tho twenty barrels in wliich 
the amalgamation was performed is run into five 
circular tanks, each about five feet in depth, with a j 

diameter of five feet at the top and Uireo at the ! 

bottom; these are filled up with water, and in the ! 

bide of each there are four orifices, arranged one over | 

the other, at a distance of about five indies from each ! 

other. Tn the middle of each tank is a vertical axis, j 

carrying horizonUil arms, which are made to revolve | 

during twenty to twenty-two hours at tho rate of 
twelve to, fourteen turns [‘cr minute; and while this 
agitating process is going on, tlio supernatant liquid, 
containing the lighter earthy impurities, is allowed to 
flow out, twice by tho highest orifice, twice by the 
second, and once by the thiid or lowest, taking care 
to fill up the tanks with water after each partial dis 
clijirgc. Tlie amalgam itself is drawn out by the 
lowest orifice only once a-vveck ; it is very impure, 
and after being fused yields an alloy which contains 
only twenty- live to sixtydive jjer cent of fine silver, i 

This product might bo retired by fusing it with a little 1 1 

saltpetre and borax, but it is sent by preference to the 
Mint, whore it is alloyed with the lino silver which is 
obtained from tlie cni>olJatioii of load. The amount of 
the residues, wliidi arc finally rejected as iisclesB, rises 
to eiglity piu’ cent, of tlie weight of tlie cnide ore, and 
tlicir contents in fine silver varies from 0*00008 to 
O OOOIG, The waters which proceed from the washing 
of tho amalgamation barrels are purified by deposition, 
and then concentrated and crystallized in leaden pans; 
the ])roduct is a quantity of impure sulphate of sodii, 
which is februated by a second crystallization. The 
mother-water, or that portion of the liquid which 
refuses to crysfalllzc, is concentrated by milk of lime; 
and tho product thus obtained, which is termed in 
German diinge sah, is employed in the country with 
much advantage as a manure; it is composed, according 
to M. Lamfadius, of— 


Hydrated gj’psuiu, 68*7 

Chloride of Hodium, 7*4 

Carlionate of potHssa, 5*3 

IlydrateH of manganeao and iron, 12*9 

Clay, sand, and loss, 6*7 


100*0 

The total loss in silver varies from five to nine per 
cent, of the quantity contained in tho ore ; the bee in 
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mercury amounts to twenty-five per cent, of the silver is exhibited at page 284. The refiueyy furnace.. of the ‘ 
obtained, and, from an average of twenty years, it works at Friedrichshlitte, near Tarnowita;, in Upper 
consists of— 

FIff. 492. 

Lohb in mercury, vhicb romainfl in tUo earthy 

roBidues of the amidgaraation, 21*78 — - 

Loss in the distillation of the amalgam, ...... 2‘77 

Loss proceeding from the cracking or breaking 
of the bells, 0*45 


This small consumption of mercury compared with 
that of the American process arises fronrthe fact that 
in the latter the chloride of silver is reduced by the 
mercury, and the chloride of mercury thus formed 
passes wliolly into the residues, whereas in the Saxon 
process this reduction is effected by the iron. 

Fig. 491 presents a complete view of the amalgama- 
tion works at Ilalsbrucke, shown in longitudinal 
section ; the portion on the left side, iridicatod by the 
letters M n, is devoted to the roasting and chloridation 
of the ores; the part embraced between N and o to the 
pulverization and sifting of the roasted ore ; the third 
pai t, o p, to the amalgamation, \)roperly so called, and 
the washing of the residues ; and, histly, the portion p c? 
to the distillation of the amalgam. In these four great 
divisions the following details w'ill be distinguished : — 
1. in division m n, a a denotes the salt stores ; h h 
apartments for mixing the materuils; c c roiisting- 
fiirnaccs, the flame of w’liich, after passing over the 
hearths, 2, 3, enters tlic condensing chambers, 4, 5, 
and escapes by the chimney, e, 2. In compartment 
N o, g denotes the gi'inding mills; d the sifting 
machinery ; / water- wheels wdiich drive the grinding 
mills and amalgamation barrels. 3. In division o r, 
k h arc the amalgamation barrels ; 2, tank for washing 












11 
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tho residues. 4. In compartment p q, m denotes the 
furnaces for distilling the amalgam ; store-chamber. 

Thus, as the late Dr. U re has observed, from one 
extremity of the building to the other, the w*orkslio})s 
follow in tho order of the inocessos ; and the whole, 
over a length of one hundred and eighty feet, seems to 
be a natural laboratory, tlirough which tho materials 
pass, as it were, of themselves, from their crude to 
their refined condition. 

n. Ores containing Lead and Silver. — The 
treatment of argentiferous load ores, with a view to tlie 
separation of the silver, has been fully dcscTihod in the 
article Lead. It consists in simple ciipellation, if tiie 
ores are suflicicnlly rich in silver to warrant the inimc- 
diato application of tliat process; and the furnaces used 
for that purpose, both at Alston Moor in England and 
at Clausthal ia the Ilartz, are illustrated in Vol. If., 
pages 47 J , 472, where the wdiole operation is described 
in sufficient detail. Tim form of cupel used in England 


Silesia, is shown in section and plan in Figs. 492 and 
493 ; m is a foundation of slag or cinders ; n, a bed 
of fire-bricks, on wliicli tho cupel rests ; rf, tho cupel , 
formed of a mixture of seven parts by weight of marly 
calcareous dolomite, and one of fire-clay— it is nine 
feet in diameter, and has a dip of fifteen iiKihos in 
the middle; g is the grate of the furnace; /, the 
fire-bridge ; r, tlie dome, or cap, made of iren -j)]ate 
strengthened with bars, and lined w’ilh fire-lute to 
I)rotect the ructal from burning; //, the door of tljo 
firc~i»laco; i, the ash-pit; tlie tai*-liole; jij), flues, 
divided by partitions, wdiieb conduct the flame into 
tlic cliimney, it ; s, a valve, or dampiT, for regulating 
the draught; y?’, hack valve for admitting air to cool 
the fiiniaco and brushos to clean the 11 lies, 
tuyere of copper, wdiicli, by means of an iron wedge, 
may be sloped more or b.^ss towaixls the hearth ; u\ a 
round piece of iron liung before the eye of the tuyere 
to break and spread the blast; kj tho outlet fcr the 
I lit] large. The charge is composed of seventy to eighty 
metrical quintals of lead. The fusion and removing 
of the abstrichs occupies six hours, and the formation 
of the litharges twenty-four to thirty hours — in all 
thirty to thirty-six hours. 

Very poor leads cannot be directly cupelled with 
profit, because tlio value of the silver obtained docs not 
defray llio expense of the operation. In tliat case 
recourse is liad to Pattison’s process, which has also 
been fully described in the article IjEAD, Vol. IT., page 
473 ; and after the lead has been enriched by succes- 
sive crystallizations, it is thou fit to bo cupelled. 
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TheJfbRowiug table exhibits the effect of Pattison’b procens ou one thousand parte of workable lead con- 
taiiung diflerent proportions of silver : — 


^ Wo^kAhlolnAd wabmUtad 
to ouQ orystallla«eon, 

mch lend 

Lend middling 
rich, to be 
TecryetnlUMibd 
with the 
workable lend- 

Poor loud 

Proportion 
betweeu the oon- 
tout In allvor of 
the rloh lend 
and thnt of the 

W%lit 

Content ill Dllvor. 

Weight 

Content In litver. 

W eight 

Weight 

Contoui In ellver . 

poor iBtwl. 

1000 

0-001 60G 

136 

0-003800 

12.5 

739 

0-001200 

3-17 

1000 

0-001 i>30 

136 

0-003203 

125 

739 

0-000862 

3-70 

1000 

0-0008G2 

162 

0-f)02150 

125 

713 

0-000.568 

3-78 

looo 

0-000598 

169 

0 001606 

125 

” 706 

0-000357 

4-49 

1000 

0-000508 

169 

0-001454 

125 

cm 

0-000341 

4 -26 

1000 

0*000341 

234 

0-000814 

125 

641 

0*000170 

4-80 

1000 

()'()00234 

250 

0-(KK)5y8 

125 

625 

0-000088 

6-79 

1000 

0-000()88 

259 

0-000218 

125 

616 

0-000033 

6*61 

1000 

0-000030 

100 

0-000130 

12.5 

650 

0-000020 

6-50 


I It will be seen that the conceniralion of the silver by 
i this process is all the more comj)lete, in proportion as 
I the lead subjected to the operation is poorer in that 
i precious metal ; hence, it is particularly applicable to 
1 the leads of England and Spain, but not to rich leads. 

I Neither con it be applied with advantage to leads which 
j are botli poor and impure, because by cupellation the 
I advantage is gained of separating the impurities in the 
I abstrichs, so that litharges are obtained which are com- 
I mercially valuable in themselves, or whic.*h, if subjected 
to reduction, yield a lead of superior quality, 

I The silver obtained from the cupelling furnace repre- 
sented in Figs. 41)2 and 493, as well as tlio rich lead 
j concentrated by Pattison’b process, still requires 
further purification, and for this purpose it is subjected 
in both cases to cupellation on a small scale, with a 
cupel or test made of bone-ash. Figs. 494 and 495 

I 
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1 represent the refining furnace employed for this pur- 
i i pose at FriedrichshUtte ; c is the fire-door ; d the 
' ' grate; e, door for charging the rich lead into the cupel ; 
1 /, elliptical cupel of boue-ash, the longer axis of which 

, is about sixteen inches, and the smaller axis ten incites; 
, this cupel is movable, and rests upon two iron bars, 
1 ff g, over which are tiles, h 7/, for adjusting the surface 


of the cupel at any desired level ; flue leading to a | 
chimney about oiglitooii feet in lieight. About one | 
hundred aiul ten to one hundred and thirty pounds of ; 
rich lead or imj)iire silver constitute one charge of the 
cupel ; and the silver obtained from a previous cupel - 
lation on the large scale, yields about ninety-four per 
cent, of fine silver. 

III. Cues of Covfru and Silver. — In smelting 
argentiferous coi>per ores, the principal object in view 
is to obtain the baser metal in that state in wliich it is 
termed black copper} and Avhon this metal contains not : 
loss than 0*003 of silver it is deemed sufficiently rich I 
to be submitted to the process of liquation or sweat- j 
ing. This jirocess has been briefly described in the | 
article Copper, Vol. I., pages 622 and 523; but some ! 
additional details will now be necessary. In the first ! 
place, the black copper is fused with a certain quantity 1 
of poor lead, and the alloy so formed is cast into cakes ; 
or discs; these are then submitted to a carefully ! 
graduated heat, which causes the lead to molt or sweat j 
out, carrying along with it the greater portion of the j 
silver, which has a stronger affinity for that metal than ! 
for the copper. This is the piooess termed liquation 
or cliqiiatioh. It has been found by experience that, | 
with a view to diminisli as much us possible tlie loss 
in copper and in lead, the most suitable proportion j 
between tbc quantities of lead and copper in the pre- j 
pared discs, is that of eleven i)art8 of the former metal 
to three of the latter ; and that, to extract the silver 
sufficiently, it is necessary to employ at least four 
hundred and eighty parts of lead for one part of silver 
contained in the black copper. 

When tJie black copper is only slightly argentiferous, 
the poor lead, which has served for a first liquation, is 
not sufficiently rich to bear advantageously the expenses 
of cupellation ; in that case it is used a second time for 
extracting the silver from a fresh quantity of block 
copper. By this means the content of silver in tfio alloy 
is nearly doubled, and then it is suitable for being 
submitted to cupellation. 

Lastly, when the black copper is very rich, the pro- 
cess is commenced by subjecting it to a first liquation 
with workable lead, the products of which are a rich 
lead for cupelling, and a middling rich black copper ; 
the latter is then submitted to a second liquation witli 
poor lead, which yields cupreous residues very poor in 
silver, to be treated for rosette copper, and moderately 



rich workable leadi which is passed back ioto ilie rich 
liquation process. 

The content in silver of the black argentiferous 
cogjiirB of Mansfeld, which are treated at the liquation 
w<^8 of Hettstoedty where both the lead and fuel are 
very high in price, averages 0*00520. The fusing and 
costing of tlie liquation discs is performed in a cupola 
furnace. Each campaign lasts thirty hours, during 
which time two hundred discs are cast, each weighing 
about three hundred and eighty pounds, and measuring 
about two feet in diameter by three inches in thick- 
ness, For one thousand pounds of black copper, the 
proportion of poor lead added is four thousand four 
iuindred pounds. The liquation furnace, with the discs 
arranged in tlioir place, is represented in Figs. 333 and 
334, Vol. I., at the pages above referred to. When 
the lead, carrying most of the silver along with it, has 
been melted out, the deformed discs which remain 
are termed carcas. When the heat has been well 
regulated, all the lead which separates by liquation 
contains a uniform admixture of copper to the amount 
of between two and three jier cent. 

The carem — German, kicnttinccke — still contain 
twenty-live per cent, of lead, and, to free them from 
this, they are subjected to a new liquation, which is 
termed in French, reJi^iage; German, darrm. For 
tills purpose the carcas are accumulatcil to the exlent 
of fifteen to twenty thousand pounds w'oight, in a 
vaulted chamber, on a series of low parallel walls, 
between which a wood fire is kept up. In the walls of 
the chamber arc a nurnbor of draught holes communi- 
cating with a chimney. In front this oven is closed by 
an iron door lined with clay, but leaving an opening at 
the bottom for the [lurpose of introducing the fuel and 
allowing air to enter. A* red heat is kept up during 
fourteen to fifteen hours; the lead which was still considerable; in certain cases it w^ould be advantageous 
! retained by the carcas soon begins to run, and becomes to saturate the liquor with lime, and to replace the 
I in great part oxidised. It falls into the galleries in tlie eojqxjr balls by iron, which w^oiild diminish the loss 

I middle of the fuel, which have a gentle slope, so that in mercury. The residues of the amalgamation are 

I both the lead and its oxide, more or less charged with reriielled for black copper; their content in silver does 

j copper, flow^ into a basin of w’ak'r which is placed on not exceed 0*00008, and the loss in that metal is 
the floor of a chamber in front of tlio oven. The fire only five per cent.; tJie loss in mercury is 2*5 lbs per 

is allow’ed to go out when the scoriae assume a strong thousand lbs of black copper, or from 0*30 to 0*35 of 

red tinge, which denotes the presence of copper, the weight of the silver. The expenses of amalgama- 
The residues, which are termed UjrrrJivd carcas, are tion do not rise to one-fourth part of those attending 
then withdrawn, while still at a red heat, and thrown liquation, and the copper obtained fi’oni the smelting 
into water to separate the scaly crust of oxide with of the residues is of superior quality, 
which they arc covered^ and which is afterwards separ- Tlio amalgamation of the argentiferous matts of 
ated more completely by means of a pointed hammer, copper is practised at Mansfeld. The matt subjected 
As a general rule, one hundred pounds of carcas yield to amalgamation at that establishment contains about 
sixty to eighty pounds of torrefied carcas, and twenty- fifty per cent, of copper, and 0*0025 of silver. After 
five to forty of scoriai and oxidised debris. pulverizing the matt, it is submitted in a reverberatory 

The torrefied carcas are refined for rosette copper ; furnace to a preparatory roasting, to expel Uie excess 
they still contain ten per cent, of lead, and yield seventy of sulphur; it is afterwards reduced to a thin paste 
to seventy-five per cent, of rosette copper. with a dilute solution of sea-salt and twelve per cent. 

The scoriaj and refuse of all the preceding operations of slacked lime, which serves to saturate the sulphuric 
are fused with the litharges and tlio residues from the acid. The paste thus obtained Is dried, ground, then 
cupellation of the workable lead obtained in the process roasted a second time ; this is, properly speaking, the 
of liquation ; the product is a cupreous lead, which is chloridation. The reduction of the chloride of silver 
cast into cakes or discs, and these in their turn are sub- is effected by means of iron. The residues of amal- 
jected to the scries of operations which have just been gamation are mixed, still in a moist state, with twelve 
described. The lead proceeding from the new liqua- to thirteen per cent, of clay, and moulded into small 
tion is, however, poown silver, and is therefore enriched bricks, which are dried in a kiln, and reduced in a 
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by using it for the liquation of the bjiaok copper befdiie 
pas»ng it into the cupeh , ^ ^ 

In this series of operations, there is bst aboni^ ten to 
twelve per cent, of the lead employed, that is to say, 
forty to fifty per cent, of the weight of the black copper, 
or at least sixty to eighty pounds for every pound of 
cupel silver obtained. The loss in silver usually exceeds 
twenty-five per cent., regarding that silver as lost which 
remains in the copper. The loss in copper is five to 
six per cent The carcas are very difficult to refine, 
and never yield copper of the first quality. 

These results sIio w how imperfect is this method ; and 
hence, in the great metallurgical centres, the method 
now preferred is to separate the silver from the copper, 
either by the amalgamation of the matts or by that of 
tlie black copper. These operations are effected in a 
manner analogous to the Saxon amalgamation process, 
which has been already described, so that it will be only 
necessary to indicate briefly the special circumstances 
resulting from the nature of the materials submitted to 
the operation. 

. The amalgamation of the argentiferous black copper 
is practised at Sclunoellnitz in Hungary; it contains 
0*0040 of silver. The principal difficulty to be over- 
come is the pulverization of the black copper ; to effect 
this, it is heated to redness on the sole of a reverber- 
atory furnace, and at tliis temperature it is placed 
under the pestles of a stamping machine. The matter 
tlius crushed and broken is passed through a sieve; 
the finer portion is ground to a flour under iron mill- 
stones, the coarse is reheated and passed again under 
the stampers. The reduction of tlie chloride of silver 
is performed by means of copper balls, so as not to pre- 
cipitate tlie copper from the cliloride and thus render 
the amalgam impure, but then the loss in mercury is 
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fumaqe to black copper by adding, to form the smelting 
bed, twelve to thirteen per cent, of quartz, 1'5 to 2*5 
per cent, of fluor epar, and thirty-two to forty per cent, 
of the slag from the smelting of the crude ore. The 
loss is eleven to twelve per cent, of the silver contained 
in the matts, about three-fourths of this amount remain- 
ing in the black copper, which contains 0 00046 ; tho 
loss in mercury is 0-8 of a pound per thousand pounds 
of matt, or 1'6 pounds per thousand pounds of black 
copper, that is to say, about O' 35 of the w^eight of the 
silver extracted. The loss in copper is less than by 
liquation, and the metal is of excellent quality. 

Instead of employing the difloront processes which 
have just been described, the ores of argentiferous 
coj^er might be treated in the humid way, in a manner 
analogous to tliat which is practised at Linz on the 
hanks of tlie Rhine, and at Stadtberg in Westphalia, 
for the treatment of carbonated copper ores too poor 
to be treated by the ordinary processes. This motliod 
consists in treating these ores with sulphuric acid. It 
■is impossible to submit to the direct action of this acid 
either calcareous or pyritous ores — the former, because 
a sulphate of lime would be formed which would cover 
or surround the copper with a paste, so as to be acted 
upon with difficulty; the latter, because it would 
scarcely dissolve in the acid. It would be necessary 
therefore, in these cases, to separate the gangues by 
smelting the crude ores, which would give them in the 
form of matts ; and these might be roasted with a small 
quantity of saltpetre in furnaces, or retorts embcrhlcd m 
masonry, and supplied with an artificial blast. A litthi 
small wood would be sufficient to commence the heat- 
ing, as the combustion of the sulphur would afterwards 
develope the boat necessary for the roasting. The gases 
proceeding from the retorts should be made to arrive, 
along with a current of steam produced by a sepaiate 
boiler, under and around cases filled with roasted and 
pulverized matts; by the reaction of tho steam and the 
gases from Uio retorts, sulphuric acid would be formed, 
which would dissolve the roasted matts; the latter 
I might bo exposed beforehand, in heaps, to the simul- 
j taneous' action of tho atmospheric agents and water, to 
j transform the undecomposed sulphides into soluble 
I sulphates, which might be removed by washing. In 
I like manner, if the roasting of the matts did not furnish 
I a sufficient quantity of sulphuric acid, an additional 
quantity might bo procured by subjecting iron pyrites 
to the same process. A liquor would thus be obtained, 
containing the iron, copper, and silver of the matts ; 
and of these the silver might be precipitated at onco 
I j by metallic copper, then the copper by iron. It might 

I ’ bo desirable, for the pur])ose of diminishing the con- 

I I sumption of copper, to almost neutralize the liquor in 
j I the first place by means of lime, and then to separate 

I the sulphate of lime by decantation, which would be 
i attended with no otlier inconvenience tlmn impairing 
j a little tho purity of the precipitates. Tho silver 
I j i^recipitate might be purified by fusing it with a little 

I i nitre and borax; the copper could be refined for rosette 

j ! copper ; and lastly, the sulphate of iron, or green vitriol, 
might bo crystallized for the matket, or if dried and 
then slightly torrefied, it might be used for the manu- 
facture of fuming sulphuric acid. 


As regards tho argentiferous black copper, it might 
be dissolved directly in the sulphuric acid, and the sil- 
ver afterwards precipitated by metallic copper, as is 
practised in the mints. 

IV, Ores of Lead, Copper, and Silver. — The 
treatment of these ore^ is periiaps the most complex 
metallurgic operation that exists, and therefore it will 
l)e necessary to enter into some detail on tho subject. 
Ores containing lead, copper, and silver, are divided 
into two great classes, according as the lead or the 
copper predominates. In the former case they arc treated 
as lead ores ; and, besides tho workable lead, matts are 
obtained containing silver, copper, and lead, which are 
subjected to repeated fusions with substances containing 
more lead. Eacli fusion gives workable lead, which is 
cupelled, and the last matts are melted themselves 
for black copper, which is afterwards submitted to liqua- 
tion or amalgamation, to separate the silver which it 
still contains. 

The ores which contain only a small quantity of lead 
are carefully assorted, and divided into at least two 
classes, the rich and tho poor ores. The latter, accord- 
ing to their nature, are submitted to a crude 
with or without the addition of pyrites either crude or 
partially roasted, serving in tlio latter case as a flux, or 
using other fluxes if noccssarv, exactly as in the treat- 
ment of copper ores. Tlio earthy gangues are thus 
separated, and poor matts are obtained, which arc 
roasted once or oftener, and are then concentrated by 
fusion along witli additiomil ores of the same richness. 
The products of this operation are scoriao wdiich are 
j>as8cd back into tho crude smelting, arnl rich watts. 
These matts, after several roastings, are fused with 
plumbiferous substances and ores rich in silver, 
especially such as contain ‘lead. The products are 
workable lead, which is cupelled, and matts which arc 
subjected to a new fusion with plumbiferous matters ; 
lastly, cupreous matts are obtsined/yielding argentiier- 
oiis black cu])por, which is treated in the manner already 
described. The fusion of the matts along with lead 
should he performed at a k»wer temperature than Uio 
crude smelting, in order to diminish as much as possible 
the loss in lead ; this is the process followed at Freiberg 
in Saxony. 

Where substances containing lead are rare or difficult 
to procure, the fusion of the matts with that metal is 
replaced by a fumon of concevtration^ and tho silver 
is separated from the new matts by imbibition. For this 
purpose tho poor lead is melted separately a little before 
the tapping of the matt, and is stirred with a fire-iron 
at tho instant when tho matts flow into the crucible ; 
the lead then decomposes a part of tho snlpludo of 
silver, and passes into Iho matt, while tho reduced I 
silver combines with the rest of the lead and produces | 
workable lead. If this workable lead be not sufficiently | 
rich for cupellation, it serves anew for what is called a 
rich imbibition ; this process constitutes tho old Hun- 
garian method. The new matt is treated over again 
in the same manner, and finally cupreous matte ore 
obtained, which are fused by themselves, and yield 
argentiferous black copj)er. 

Fig. 496 exhibits in plan, and Fig. 497 in vertical 
section, following tho lino A n, tho Frankenscharn 
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works, near Clausthal in the Hartz, for the treatment 
of argentiferous and cupreous galenas; a, by c, df, 


Fig. m. 



Cy fy g, denote 'furnaces for smelting the ores ; A, low 
furnaces like tho Knglish slag-hearths for working Iho 
last matts; hy slag-hearths for reducing the litharge; 
the liquation area ; 7?, jp, cupellation furnaces ; a: y, a 
floor on which the materials for charging tho furnaces 
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are (le[)Ositcd and prepared; C, the stamping apparatus; 
D, stream of water which impels tho machinery. 

Kight parts of oro in the rough state, as taken from 
the mine, yield one part of schlich, fit for smelting ; the 
content of the schlich in lead is sixty to seventy per 
cent. ; tho ganguo is quartzoso and argillaceous. Froni 
ten to twelve thousand pounds of schlich are smelted 
every twenty-four hours, Tho furnace is attended by 
relays of three workmen, and a campaign lasts nine or 
ten weeks. The j)ro(liictfl are workable lead, which is 
cupelled, and matts which contain OfK)l of silver 
and O’M to 0 40 of lead. The last matts obtained 
are roasted several times, and arc then smelted, yield- 
ing argentiferous black co]»per, which is submitted to 
liquation. 

Combinations of Silvfu. — 'Jdiere are three oxides 
of silver — a suboxide, a protoxide, and a binoxide. Of 
these tho protoxi(l(3 alone forms permanent and definite 
saline combinations. 

The Sidtoxich of Silver — Ag^O — was first obtained 
by Faraday, by exposing an ainmoniaeal solution of 
the protoxide to the action of air. It separates in the 
form of a black film. 

Protoxide of Silver — Ag 0 — is obtained by adding 
solution of caustic potassa, or lime, or baryta-water, to 
the solution of nitrate of silver. Tho precii)itato, when 
washed, is of a brownish-grey color, anhydrous, taste- 
less, but soluble, according to (xuaiiam, to a small 
extent in pure water, free from saline matter, and has, 
when in solution, an alkaline reaction. It is completely 
reduced to the metallic state by the action of a red heat, 
or even by the prolonged action of the solar light. In 
tho latter case, however, the black powder which results 
is possibly the suboxide. By digesting it with caustic 
ammonia it forms an extremely detonating compound, 
known as falmimting nlvery and which, according to 
Qay-Lxjbsac and Serullas, is probably an azotide of 


silver. This compound, which must not be coiiibundod 
with \ho fulminate of ^ver^io be described presently 
— has hitherto received no application, on account ol 
the extreme danger which attends its preparation and 
management. It sometimes explodes even while still 
wet, and should, therefore, be prepared only in small 
quantities, and handled with tho greatest possible 
caution. 

Peroxide of Silver-— Ag 0^ — ^was obtained by Ritter 
by electrifying a weak solution of silver. It deposits 
in acicular crystals at the positive pole, but is readily 
converted into the protoxide, and is of no use in the 
arts. 

Chloride of Siher — hom-stlver — AgCl — ^is procured 
by adding a solution of chlorine, of hydrochloric acid, 
or of chloride of sodium, to nitrate of silver, or to any 
of the soluble salts of silver, with the exception of tho 
hyposulphite. Thus— 

Ag 0, KOfi -f- 2 H Cl = Ag Cl -f HO, NO.,. 

It falls ifi the form of a curdy precipitate of a white 
color, but which, by exposure to light, becomes pur- 
plish-brown, and ultimately black. In sunshine the 
cliange is extremely rapid, more especially if any 
organic matter bo present. It is perfectly insoluble 
in vvatfT, so that the minutest portion of hydrochloric 
acid, or of a chloride in solution, may be detected by 
adding to the liquid a drop or two of nitrate of Silver. 
It is Sparingly dissolved by concentrated hydrochloric 
acid, and thrown down upon dilution. It is insoluble 
in nitric acid and in cold sulphuric acid; but, when 
boiled in sulphuric acid, it is slowly decomposed. 
When dry chloride of silver is heated to dull redness 
in a silver cniciblc, it fuses, and on cooling concretes 
into a grey semitransparent substance, which is known 
as horn silver, or luna cornea. The presence of mois 
turo is necessary to tlie blackening ellcct of light upor 
the cliloridc, as when dried in the dark and subse- 
quently exposed to liglit under an inverted glass over 
sulphuric acid, no discoloration is produced. 

Iodide of Silvxr — Ag I — is precipitated upon adding 
liydi iodic acid, or a soluble iodide, to a solution of 
nitrate of silver. It is of a dingy yellow color, insoluhle 
in water, and decomposed when heated with potassa. 
Like the chloride, it is discolored hy light, and henco 
its use in DAGtJERUE’s photographic process — the plato 
of silvered copper intended to receive the image in the 
camera being prepared by exposing it in a box con- 
taining iodine. The iodide is distinguished from the 
chloride, not only by its yellow color, but also by its 
being insoluble in ammonia, which constitutes its special 
characteristic. 

Bromide of Silver — Ag Br — is an iiisoliiblo yellowish 
substance, formed in the same manner as the iodide, 
and having analogous properties. 

Nitrate of Siher — Ag 0 — constitutes the roost 

important salt of this metal. It is obtained by dissolv- 
ing silver in nitric acid diluted with three parts of water; 
nitric oxide is disengaged, and if tho eOver contain 
copper, the solution will have a bluish tinge ; if gold, 
that metal will remain undissolved in the form of a 
black powder. The solution of nitrate of silver should 
be perfectly clear and colorless. It is caustic, and tinges 
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^animal substancos of a deep yellow, which, by exposure 
to light, becomes a deep purple or black stain. It is 
the essential ingredient in many of the washes employed 
for dyeing the hair, and in the composition of the so- 
called indelMe inks for marking linen ; but in point of 
fact, cyanide of potassium will remove the black stain 
produced by any of the preparations of silver. The 
crystals are colorless, transparent, anhydrous tables, 
soluble in an equal weight of cold, and in half their 
weight of boiling .water. Alcohol also dissolves about 
one-fourth of its weight of tliis salt at its boiling point, 
but depomts nearly the whole as it cools. When heated 
in a silver crucible, the nitrate fuses into a grey mass, 
and, if cast into small cylinders, forms the lapis infer- 
nalis or lunar caustic of the surgeons. Ivory, marble, 
and several other bodies may bo stained black, or even 
silvered, by soaking them in a solution of nitrate of 
silver, and fully exposing them to the action of tlie 
sun’s rays. A plate ot copper, introduced into n solution 
of this salt, occasions a brilliant precipitation of crys- 
talline silver, and the copper is oxidised and dissolved 
by the. acid. The introduction of mercury into the 
solution causes a beautiful crystalline deposit of silver, 
known as the arbor Diancc. To obtain this crystal- 
lization in its most perfect state, the solution should 
contain a little mercury; and the mercury put into it 
should be already combined with one-sixth its weight 
of silver. 

Several recipes for indelible or marking inks, formed | 
with nitrate of silver, are given in Vol. IF., page 381. ] 

Fulminate of Silver — 2 Ag 0, 0 ^^. — This curious 

and dangerous compound is prepared as follows : — One | 
hundred grains of fused and fincly-powdcrcd nitrate 
of silver are added to an ounce of warm alcohol, aiul 
mixture stirred in a sufficiently large glass basin. 
An ounce of fuming nitric acid is then added, and pre- 
sently a violent etlcrvescence ensues, and a powder 
falls. As soon as this appears white, cold water is 
added, and the powder is immediately to bo collected 
upon a filter, washed, and carefully dried at a tempera- 
ture of 100°. In collecting and handling this powder, 
the utmost caution is requisite. It sliould he made in 
small quantities only, and touched with nothing hard ; 
for it has sometimes exploded upon the contact of a 
glass rod even under water. The feather of a common 
quill serves to collect it ; and it bhoukl he kept in a 
wide-mouthed vessel covered by paper, and by no 
means in a stoppered or even a corked jdiial, as serious 
accidents have arisen from its unexpected ex])losion. 
In short, one cannot be loo careful in meddling with 
it, and its use for fulminating balls and other purposes 
of amusement is highly dangerous. It detonates in 
the quantity of a grain, or even half a grain, with great I 
violence, when heated or touched by any hard body. 
The nature of this substance has been investigated by 
Licuia *and Gay-Lussac, who have shown that it is 
a compound of two equivalents of oxide of silver with 
one of fulminic acid.— i?raw/e. 

Sulphide of Silver — Ag S — may be obtained by heat- 
ing finely-divided silver, or plates of silver, with sulphur. 
It is a grey crystallizable compound, considerably more 
fusible and much softer than silver. It is the presence 
generally of sulphide of hydrogen which occasions the 


tarnish upon silver, and which, though only superficiah 
is a great obstacle to many applications that might 
otherwise be made of this valuable metal. 

Sulphate of Silver — Ag 0, SO 3 — is deposited when 
sulphate of soda is mixed with nitrate of silver. It is 
also formed by boiling silver with its weight of sul- 
phuric acid. It fonns a Avhite saline mass, easily fusible. 
Upon the large scale, small portions of gold may bo 
most economically separated from large quantities of 
silver, by heating the finely-granulated alloy in sul- 
phuric acid. The gold remains in the form of a black 
powder, and the sulphate of silver may he decomposed 
by the action of metallic copper. The silver is pre- 
cipitated in a pulverulent state, and, with a little borax 
or other vitrifiable flux, is fused, and cast into ingots. 
The sulphate of copper is obtained in the crystalli/.cd 
stale by evaporating tlie residuary liquid. 

Ihjpomlphiic of Silver — Ag 0, S, 0^ — is formed 
by digesting carbonate of silver in hyjmsulphurons 
acid. It crystallizes in permanent prismatic crystals, 
soluble in two parts of cold water. Hyposulphite of 
silver is formed by dropping a weak solution of nitrate 
of silver into a very dilute solution of hyposulphito 
of soda. A wliite cloud is at first produced, which 
redissolvoB on agitation. On adding more of the j)i’ 0 - 
cipitant, the cloud reappears, and aggregates into a 
grey precipitate, which is the hyposulphite. The 
solubility of argentine compounds in hyposulphites has 
led to an important aiJplication of the latter in photo- 
graphy, for the puq.>ose of fixing the designs by the 
removal of all adhering or unchanged suit of silver. 

Carbonate of Silver is precipitated in the form of a 
white insoluble powder, by adding carbonate of potassa 
to nitrate of silver. It blackens by exjwsure to light, 
and is easily decomposed by heat. Carbonate ol 
ammonia only throws down a portion of the nitrate, 
and forma a trijde ammonio^carhonatc of silver. 

The otlier salts of silver are of too little importance 
to call for special notice. 

Alloys of Silver. — Siivei tinites difficultly with 
iron. Upon fusing silver with that metal, the alloy 
separates into silver retaining about ono-tliii tieth (f 
iron, and iron retaining about one-eightieth of silver 
The latter has a peculiar hard and cr 3 ^stalliae texture. 

When silver and steel are fused together, an alloy is 
formed which appears perfect while in fusion, but 
globules of silver exude from it in cooling, which shows 
the weak affinity of the metals. At a very liigh tem- 
perature the greater part of the silver volatilizes ; but 
a portion, equal to about one in five hundred, remains, 
constituting a perfect allo^' known as silver-steely and 
which is admirably adapted to the formation of cutting 
instruments. 

Lead and silver form a very brittle dull-colored 
alloy, from which the lead is easily separated by cupel- 
laiion. When fused lead, containing silver, is suflbred 
to cool slowly, the lead which first concretes forms 
granular crystals, and is nearly pure, while almost the 
whole of the silver is contained in the liquid portion. 
The separation of the two metals in this way consti- 
tutes Pattibon’s process. 

With zinc silver readily combines, producing a brittle 
bluish-white granular alloy. When a mixture of eleven 




SILVER SiLVEBINO. 


8G1 



of zinc and one of silver is highly heated in an open 

The alloy used for the silver currency of ike cquatry 



crucible, it burns, and the whole of the silver is sublimed 

is composed of nine parts of silver, and one of copper; 



with the oxide of zinc. 

for plate, a mixture of 9*5 parts of silver to 6*6 of 



With tin silver forms a white, hard, brittle alloy. 

copper is employed, whilst for small articles of silver 



Antimony also forms a brittle white alloy, the density 

used for ornaments, an alloy of eight parts of silver to 



of which exceeds the mean of its components. The 

two of copper is allowed.— 



greater part of the antimony volatilizes during protracted 

The silver coins of the ancients and many Oriental 



fusion ; and the whole may be separated in the form 

silver coins are nearly pure ; they only contain traces 



of oxide by roasting. 

of copper and of gold. 



Bl»muth and silver may be combined by fusion. The 

When silver alloyed by copper, such as standard 



alloy is brittle, yellow-white, and lamellar, exceeding 

silver, is exposed to a red heat b the air, it becomes 



in density the mean of the components. The density 

black from the formation of a superficial film of oxide 



of an alloy of equal weights of bismuth and silver is 

of copper. This may be removed by immersion in hot 



107. 

diluted sulphuric acid, and a film of pure silver tlien 



Arsenic, fused with silver, forms an alloy composed 

remains, of a beautiful whiteness; this is called blanched, 



of 100 silver and 16 arsenic. It is grey, brittle, granular. 

or dead silver. It is usual to employ this process in 



and by long fusion great port of the arsenic volatilizes. 

order to improve the color of objects formed of alloyed 



It may be entirely got rid of by roasting. 

silver; tho article, when heated nearly to redness, is 



With mercury silver readily amalgamates. When 

plunged, while still hot, into water acidulated eitlicr 



red-hot silver is thrown into heated mercury, it dis- 

with nitric or sulphuric acid ; the external oxide ot 



solves; and wl)on eight parts of mercury and one of 

copper is thus entirely removed; and the matted 



silver are thus combined, a granular crystalline sofl^ 

appearance of the pure silver, which now forms the 



amalgam is obtained, tlie density of which exceeds the 

surface, soon gives place to a bright polish by rubbing 



mean. When a solution of this amalgam in liquid 

with a burnisher. Tho blanks for coin are treated in 



mercury is squeezed through chamois leather, the excess 

this way before they are struck ; whence the whiteness 



of mercury, carrying, along with it only a small portion 

of new coin, and the darker appearance of the project- 



of silver, goes through, and the solid amalgam is left 

ing portions occasioned by wear, in consequence of the 



behind. 

alloy being uncovered. Articles of plate are often 



Standard Silver , — The most important alloy of 

deadened or matted by boiling in bisulphate of potassa. 



silver is that which it forms with copper. On account 

which acts in the same way as the dilute siilj>huric or 



of its softness, silver is seldom employed in the pure 

nitric acid. 



state; by the addition of a small proportion of copper, 

Silver Solder consists of — 



it is rendered harder and more sonorous, while tlie 




color of the metal is scarcely impaired. A mixture 

Silver, C67 



of seven parts of silver and one of copper still retains 

v'Opper, 

Zinc, loo 



a decided white color, although of a less pure tint than 




that exhibited by virgin silver. 

SiiiVKKiNG. — Almost all kinds of silvering are now 



The alloy of silver wdth copper constitutes plate and 

usually performed by electro- chemical deposition, and 



coin ; the proportions are fixed by tlie legislature of 

for full details of the process, tho reader is refeiTed to 



the country in which the mixture is worked. In this 

tho article Electro-Meta llukgy, Vol. I., page 800, 



country tlie same alloy is employed both for the pur- 

ft seqniiur. When the term silveriny is applied to 



poses of the mint and the uses of the silversmith ; it is 

mirrors, it generally means tho application of a com- 



comiiosed of 11 -1 of silver, and 0-9 of copper, and this 

pound of tin and quicksilver, so that, in that sense, the 



mixture is known by the name of standard silver, A 

word is misapplied ; but, by Mr. Drayton’s process, 



pound troy, therefore, of tho standard silver of this 

described Vol. 11., page 2*27, a coating of actual silver 



country consists of eleven oz., two dwts. pure silver, 

is deposited upon the plate of glass, and in that case, 



and eighteen dwts, of copper. Its density is 10*3 ; its 

therefore, tho term is strictly applicable. 



calculated density, according to the mean of the com- 

Silver is hammered out into thin leaves in the same 



ponents, 10*5; so that the metals dilato a little on 

manner as gold ; and the account of the process given 



combining. 

in tho article on that metal, Vol. II., page 288, will 



To prevent fraud, all silver vessels are required to 

tlierefore suffice for both. When silver-leaf ip to be 



be stamped by the Goldsmiths’ Company, who are 

applied to the surfaces of bodies, the methods pro- 



empowered hy government to search all silversmiths’ 

scribed for gold-loaf, Vol. II., page 290, are also gene- 



shops, and seize all articles which have not been im- 

rally suitable. Among the metals, copper or braes are 



pressed with tho Hall mark of the company. For Uie 

those on which tho silvercr most commonly operates, 



asaay of the articles, and tho impresRion of the com- 

and frequently the white alloy of nickcL Iron is 



pany’s stamp, attesting its quality as standard silver, 

seldom silvered, but the process is essentially the same. 



one shilling and sixpence per ounce on the weight of 

The principal steps of the operation are summarily 



the object is charged. Of this amount tlie larger pro- 

described by Dr. UuE as follows : — 



portion is paid over to the government in tlie form of 

1. The smoothing dofwn the sharp edges, and 



a tax, whilst a small sum is retained as a compensa- 

polishing the surface of the cppper, or other metal, to 



tioti for the trouble incurred in making the assay. 

be silvered. 



In France three different standards are employed. 

2. The annealing, or making the piece to be silvered 



\ 
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red-liot, and theA plunging it in very dilute nitric acid, 
till it be bright and clean. 

3. Pumicing^ or clearing up the surface with piimiee- 
Btone and water. 

4. The wmrming to such a degree merely as, when 
it touches w^ater, it may make a hissing sound ; in which 
state it is dipped in very weak aquaforlia, whereby it 
acquires minute insensible asperities, sudioient to retain 
the silver leaves that are to be applied. 

5. The hatching , — When these small asperities are 
inadequate for giving due solidity to the silvering, the 
plane surfaces must be hatched all over with a graving 
tool ; but the chased surfaces need not bo touched. 

7. The charging^ the workman’s terra for silvering. 
— This operation consists in placing the silver leaves 
on the heated piece, and fixing them to its sTirface by 
burnishers of steel, of various forms. The workman 
I begins by applying the leaves double, Sliould any 
part dark(m in the heating, it must he cleared up by 
the scratch-hrusli. 

The silverer always works two pierces at once, so 
that he may heat the one, while burnishing tlio other. 
After applying two silver leaves, he must heat iij) the 
piece to the same degree as at first, and he then fixes 
on with the burnisher four additional leaves of silver; 
and he goes on charging in tho same way four or six 
leaves at a time, till he has applied, one over another, 
thirty, forty, fifty, or sixty leaves, according to the 
desired solidity of the silvering. He then burnishes 
down with great pressure and address, till he has given 
the surface a uniform silvery aspect. 

Silvering by the precipitated Chloride of Silver , — 
The white curd obtained by adding a solution of 
common salt to one of nitrate of silver, is to be well 
washed and dried. One part of this powder is to be 
mixed witli three parts of good pearlash, one of washed 
whiting, and one and a half of sea-salt. After clearirjg 
the surface of the brass, it is to he rubbed witli a hit of 
soft leather, or eprk moistened with water, and dipped 
in the above powder. After the silvoi iug, it sliould he 
thoroughly washed with water, dried, and immediately 
varnishod. Some use a mixture of one part of the 
silver precipitate with ten of cream of tartar, and this 
mixture also answers very well. Others give a coating 
of silver by appl 3 dng with friction, in tlie inoistimed 
state, a mixture of one part of silver-powder precipitated 
by copper, two jvarts of cream of tartar, and as much 
common salt The piece must he immcKliately waslied 
in tepid water, very faintly alkalized; then in sliglitly 
warm pure water; and, finally, wipc^d dry before the 
fire. 

The inferior kinds of coated buttons got tJieir silver 
coating in the following way : — Two ounces of chloride 
of silver are mixed up with one ounce of corrosive 
sublimate, three pounds of common salt, and three 
pounds of sulphate of zinc with water, into a paste. The 
Imttons being cleaned are smeared over with that mix- 
ture, andexposed to a moderate degree of heat, which is 
eventually raised nearly to redness, so as to expel the 
mercury horn the amalgam, formed by the reaction of 
the horn-silver and the corrosive sublimate. The horn- 
silver thus acquires a silvery surface, wliich is bright- 
ened by clearing and burnishing. — Ure, 


Estimation of Silver.— The behavior of various 
reagents with solutions of silver is given in a tabular 
form in the article on Gold, Vol, II., page 269, to which 
tho reader is refen’ed. In general, the soluble salts of 
silver are recognized by furnishing a white precipitate 
with hydrochloric acid and the soluble chlorides, which 
blackens by exposure to light, and which Is readily 
soluble in ammonia ; and by affording metallic silver 
upon the immersion of a plate of copper, Tho salts 
insoluble in water are mostly soluble in ammonia; 
and when heated on charcoal before tho blowpipe, they 
afford a globule ot silver. A yellow precipitate on 
the addition of phosphate of soda and of the soluble 
arsonites, a red-hrowu by arseniates, a- crimson by tlie 
chromates, and white by feiTocyanide of potassium, are 
further chara<iteristics of tho soluble salts of silver. 

Tin and lead are tho most raifid preeii)itauts of 
metallic silver from the nitrate; cadmium, zinc, copper, 
bismutli, and antimony are more slow in their opera- 
tion, and mercury still more tardy. Chloride of silver 
is rapidly reduced by most of tho metals which form 
soluble chlorides, such as zinc, iron, cadmium, cohalt, 
and arsenic. Zinc, copper, and arsenic rapidly reduce j 
the ammoniacul solution of oxide of silver. Of all the 
metallic prooipitants, zinc and ciidmiura are the most 
eilective ; but when zinc or antiniony are used, llie 
sejvirated silver contains those metals. 

The solubility of silver in nitric acid, and the com- 
plete insolubility of its chloride in acid solutions, render 
tho separation of silver from other metals in most 
instances an easy operalioit. When its amount is to 
he estimated quantitatively, the alloy or pulverized ovo 
is dissolved in nitric acid, and the precipitation of the 
silver in the form of chloride is eifeeted by tlie addi- 
tion of a small excess of hydrocbloric acid. In order 
that a densii precipitate may bo obtained, lliti solution 
sliould be iicatcd nearly" to the boiling-point previous 
to the addition of the jirecijutant. When the whole of 
the chloride has settled iitthe bottom of the vessel, the 
supernatant liquor is carefully drawn olf by means of a 
glass siphon ; and tho chloride, after being well washed 
by repealed dooantations with water slightly acidulated 
with nitric acid, is transferred to a thin porcelain 
capsule, the weight of which has been accurately 
ascertained and noted down. The chloride, when 
jdaced in this capsule, is first carefully dried in a water- 
bath, and then heated over the flame of a gas-burner 
or Bpirit-lamp, until it has become fused, when the 
crueihle and its contents are again weighed. The 
difference liotwcen the first and second weighings gives 
the amount of the chloride, from which that of the 
silver can be deduced by the simple ju'oportion ; — 

As too : 75 27 : : K, or the weight of chloride 
obtained; since every 100 parts of the chloride corre- 
spond to 75*27 parts of metallic silver. 

Assay of the At.loys and Ores of Silver jn 
the Dry Way. — In this process the object sought is 
to obtain the silver and other metals that may bo 
present in the form of an alloy with lead, which is 
afterwards [mssed to the muffle and cupelled in the 
ordinary way; in tlie latter, the method adopted is 
founded ui>on tho simple process which has just been 
described. 
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In assaying the ores of silver, the preliminary opera- 
tions to which the minerals are subjected, and the form 
of the cupels and other apparatus employed, have been 
fully described in connection with tlie analogous pro- 
cesses followed in the assaying of gold ores; and, 
therefore, it will be quite unnecessary to repeat them 
in this plaice. To obtain an alloy with lead, with a 
view to cupellation, ores of silver, in which the metals 
that are present exist in the form of reducible oxides, 
are commonly fused with a mixture of litharge and 
finely-powdered charcoal. The proportion of litharge 
employed for this purpose, 8 a 3^8 ruiLLiPS, must bo 
varied according to circumstances, as the resulting 
button of alloy should not bo too rich, since in tliat 
case a portion of the silver is lost in tho slag; nor loo 
poor, as tho cupellation would then occupy a long time, 
and a loss through sublimation be entailed. lu ordi- 
nary cases, if four hundred grains of ore be the quantity 
operated on, a button of two hundred grains will be a 
very convenient amount for cupellation; and this may 
bo obtained by tho addition of three hiinclred grains 
of litharge, and from seven to eight grains of finely- 
powdered cliareoal. The whole is to bo well mixed with 
two hundred grains of carbonate of soda, on a sheet of 
liigbly-gluzcd paper, and afterwaids introduced into an 
oarlhen crucible, of which it should not fill more than 
two-thirds the capacity. This is now covered with a 
lb ill layer of borax, and fused in an ordinary assay 
furnace — care being taken to withdraw it from the fire 
as soon as a liquid and perfectly homogeneous slag 
has been obtained, as the unreduced litharge would 
otherwise bo liable to cut through the pot and spoil 
the experiment. Wlicn it baa sufticieiitly cooled, the 
crucible is broken, and the button of alloy obtained is 
passed to the cupel. When other minerals than oxides 
or carbonate are to be examined, the aildition of char- 
coal, or any similar reducing agent, becomes in many 
instances unnocessaiy, as litharge readily attacks all 
the sulphides, arscnio-siilpbides, ct cetera, and oxidises 
nearly the whole of their constituents, with tlio oxce[)- 
tion of silver, whilst a proportionate quantity of metallic 
lead is at the same time set free. Tho slags formed in 
this way contain the wlmlo of the excess of litharge 
added; and the button of alloy produced is subjected 
to cupellation in the usual manner.- 

In tlie assay of alloys of silver by cupellation, llic 
directions which are given in Vol. 11., page 303, in 
connection with the assaying of gold, render unne- 
cessary a repetition of all the details of tho process, 
which consists, as there slated, in the oxidation of the 
lead and other oxidisable metals, and their absorption 
by tho cupel. Eiom the circumstance that the plate 
and silver money of all European nations are alloyed 
with copper, tho mixtures of these metals are those 
which most frequently engage the attention of the 
assayer; and tho point to be chiefly attended to is the 
amount of lead necessary to be added to perform the 
cupellation efficiently. This amount should be greater, 
in proportion as tho (juantity of copper is more con- 
siderable ; but, in cuijelling an alloy of silver and 
copper, the same amount of lead cannot safely be 
added as in treating an alloy of copper and gold, as the 
greater volatility of tho silver would cause a consider- 
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able loss of that metal before the whole of tho lead 
could be absorbed. In this case, tlierefore, tlie foDow- 
ing table, showing according to D’ArcbT, the amount of 
lead necessary to effect the proper cupellation of various 
alloys of silver and copper, must be substituted for that 
given at the page above referred to 


6tnDil«rA of 

Amount or 

Quantity of 

Quantity of lend 

•Uver. 

copper oUujrisd. 

lOttd iicuuMiu-y. 

that of copiMir. 

1000 .. 

0 ... 

.. 3-lOth* ... 

. . . 0 to 0 

950 .. 

... 60 ... 

3 

... 60tol 

900 .. 

... 100 ... 

7 

... 70tol 

800 .. 

... 200 ... 

.. 10 

. . . ,50 to 1 

700 .. 

... 300 ... 

.. 12 

... 40tol 

600 .. 

... 400 ... 

, . 14 

... 35tol 

500 .. 

... 600 ... 

.. 16 to 17 ... 

... 32tol 

400 .. 

. . 600 ... 

.. 16 to 17 ... 

... 27tol 

300 .. 

... 700 ... 

. . 16 to 17 . . . 

. .. 23tol 

200 

... 800 .. 

.. 16 to 17 ... 

. .. 20tol 

100 .. 

... 900 ... 

.. J6tol7 ... 

. . . 18 to 1 

Pure cojjpcr 1000 . . . . 

.. 1610 17 ... 

... 16tol 


* Kven with pure silver it is found necessary to add a littie 
l^iid on the cupel, as tho button would not otherwise assume 
tlie rounded form whicli is required. 

Ill this table the numbers in the third column, which 
express t(ie quantity of load necessary to be added in 
each case, are multiples of the weight of alloy on which 
the operation is performed. Hence, in the third line, 
for example, in which the alloy consists of 900 of 
silver, and 100 of copper, for each grain of alloy taken, 
seven grains of lead will be necessary ; and as each 
grain of alloy contains onl}'- ono-tenth of its weight in 
copper, it follows that the ratio of the load to the 
copper is as seventy to one. It will bo observed that, 
even with pure silver, it is found necessary to add a 
little lead on tho cupel, the reason of which is, that the 
button of silver would not otherwise assume the rounded 
form required. It will be remarked, also, Uiat here, as 
in the table given for an alloy of gold and copper, the 
proportion of lead to be omidoj'cd for a silver alloy 
below tlio standard of 500, remains constantly the 
same. 

Although silver is not appreciably volatilized when 
melted alone, yet it is so to a certain extent in the I 
])rcsonce of lead ; and therefore tho cupellation should 1 
be made at the lowest tenii>crature at which the , 

absorption of tlio litJiarge can be effected ; and even j 

w'ben every precaution is used, there is always a loss ! 
of silver in cupellation, for which allowance must be 
made in finally calculating the per cenbige. The table 
adopted for this purpose at the French mint is given 
in Vol. II., page 304, to which the reader is referred. 

When other metals besides lead and silver are 
present in an alloy, the cupel usually aflbrds indica- 
tions, from which it is easy to judge of their nature, 
and roughly of the amount in which they exist, Mr. 
Thillips, in his excellent manual of metallurgy, gives 
the following directions for this purpose —Pure lead 
stains the cupel a straw-yellow color, sometimes 
verging on orange. Copper gives a grey or dark-brown 
tint, according to its quantity. Iron produces a black 
stain, which is chiefly formed shortly after the com- 
mencement of the operation, and gives rise to a dark 
ring around the sides of the cupel, Zinc loaves a 
yellowish stain on tho cupel, and produces, during the 
process of cupellation, a luminous white flame and 
abundant fumes of the same color, which carry off 
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with tk^m a coAsiderableJIBit pf pi^ 

Pl^ni^t'irliich is approximatively known beforehand, 

T 


4i)<)A>» e>’«y . 

solutions of cliloride of sodium are em- 



^ caiilill^Kig^ iJh’P 

pioyed : — ^The first, which is termed the mrmal aoluHon^ 



Mli^sce llie two last-named 

is of such a strength that one decilitre will precipitate 



metals render the cupeliottipn of the alloys in which 

exactly one gramme of pure silver ; the second, called 



they exist extremely difficult, and necessitate the 

the decimal solutim^ is only one-tenth of the strength 



employment of a large quantity of pure lead, in order 

of the first ; and, consequently, a litre of it is requited 



to carry off the insoluble oxides formed. When assays 

to effect the precipitation of one gramme of silver. 



of alloys containing silver are frequently to be made 

To explain the details of the process, let it be sup- 



by cupellation, it will be found extremely convenient 

posed that a piece of silver money of tlie French coinage 



to keep in the laboratory a supply of poor lead, ready 

is to be assayed, and which, in order to be of the legal 



weighed out into pieces of fifty and one hundred grains; 

standard, should contain eight hundred and ninety-seven 



by tliis ipeans the standard of the lead being previously 

thousandths of pure silver. Instead of this, suppose 



known, it becomes easy, by merely counting tlio number 

the alloy in question to contain only eight liundred 



of pieces added, to know exactly what deduction is to bo 

and ninety-six thousandths of silver, so that FI 16 



made for the silver in the poor lead at the termination 

gramme of the mixture corresponds to one gramme of 



of tlio cupellation. — Fhillipa. 

pure silver. This quantity is cut off the coin, accu- 



Humid MMod of Aaeay. — The operation is the 

rately weighed, and put into a bottle that admits of 



same as that described above under estimation of 

being perfectly closed by a glass stopple, where it is 



silver, except that instead of collecting and weighing 

dissolved in from five to six grammes of pure nitric 



the argentiferous compound, graduated test liquors are 

acid ; and as soon as the solution has been completely 



employed, and the silver estimated from the volume of 

effected, one decilitre of the normal solution of salt is 



such solutions required to precipitate the silver com- 

introduced. If tlie alloy contain exactly as much silver 



plotcly. Although the method by cupellation was 

as was supposed, namely, eight hundred anti ninety- 



found to be convenient, where a number of assays 

six thousandths, the whole of that metal will be pre- 



were required to be conducted at the same time, and 

eijutated by the quantity of solution added, and the i 



was therefore, until of late years, exclusively aclojHed 

snj)ernatant litpior will contain no traces of chloride of 



at the dilfereut mints, yet the results obtained by 

sodium in excess. But if the standard be higher than 



this mctliod not being perfectly accurate, tbe French 

was supposed, there will still remain a portion of silver 



Government in 1829 appointed a coznmission for inquir- 

in solution ; and if it be less, tbe whole of the silver 



ir»g into the subject; and Gay-Lussac, who was one of 

will have been precij»ituted, but the liquor will contain 



the commissiouers, proposed the adoption of the liquid 

an excess of chloride of sodium. 



method of assay, which is now generally practised, not 

To ascertain which of tlicsc effects has been pro- ; 



only at the Parisian mint, but also at the similar estab- 

duced, the bottle is carefully closed with its glass stopple 



Hshments of this and other countries, ^'ot only is 

and briskly shaken, until the precipitate has subsided. 

1 

1 


greater accuracy obtained, but by successive improve- 

and the solution become clear. A cubic centimetre of 

1 


ments in tbe apparatus, the humid process is now con- 

the decimal solution, capable of precipitating O’OOl 



ducted with greater facility and despatch. 

gramme of pure silvrr, is thoii introduced. If any 



In this process the standard of the alloy of silver and 

silver rcm.ain in solution, the Ihiuor becomes cloudy ; 



copper is determined by means of a solution of chloride 

and after being again shaken, another centimetre of the* 



of sodium, the strength of which has been accurately 

decimal solution is added. If the liquor still becomes 



( determined beforehand. Common salt, without any 

turbid, it is again shaken and allowed to become clear; 



I preliminary purification, is employed for this purpose; 

a third centimetre of the decimal solution is poured in ; 



! and the strength of the solution is so regulated, that a 

and so on until no fuUher cloudiness is produced by 


1 

1 decilitre tliereof will exactly precipitate one gramme 

i the addition of tbe decimal solution. »Suppo.sing that 



of pure silver. In proceeding to make an assay, one 

five of the cubic centimetres of the decimal solution, 



gramme of the alloy to be examined is dissolved 

successively added, have produced a precipitate, while 



in five or six grammes of nitric acid, and to this is 

the addition of the sixth has not affected its tran- 



added from a graduated burette the standard solution 

sparency ; it njay bo concluded that, after the preci- 



of common salt, until no further precipitate of the 

pitation of one gramme of pure silver by the decilitre 



chloride of silver takes place. When, in adding the 

of normal solution, the liquor still contiincd at least 



I)recipitant, the point of saturation seems to be nearly 

four-thousandths of a gramme of silver. But as a 


i 

attained, the bottle must be well shaken after the addi- 

cloudiness was produced by the fifth cubic centimetre 


! 

1 tion of each successive drop of the solution, in order 

of the decimal solution, and none by the sixth, it is 



1 that the liquor may become clear by the precipitation 

evident that the li<jUor did not contain more than 



1 of the cliloride of silver formed. When the whole of 

five-thousandths of a gramme of silver ; and, therefore, 



1 the silver has thus been thrown down, the exact quan- 

by adding 4^ thousandths, tlie exact result is cer- 



tity of the solution of chloride of sodium employed in 

tainly attained within one half- thousandth of the truth. 



its precipitation is read off from the graduated scale; 

The standard of the alloy under examination will 



and, by the amount used, the per centage of silver 

therefore be 896 -f* 4J = 9001 thousandths. 



present is at once indicated. * 

When, on the contrary, the first cubic centimetre of 



When gieat accuracy is required in making the 

the decimal solution produces no precipitate in the solu- 



assay of a silver coin or a piece of plate, the conzposi- 

tion of silver, which has already received the decilitre 









feta tandon, eojd tlje’ titla, of 
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BiaUdfna in iha mu0^ JSm ’Kbo ttfbai^c^ ^f4 

vliich yield a h%My hotrftlifeW fecial #m»6A and 
Waj)tod,to remoYO ihe outet 6kin, thoh* redOoed tb a 
piilp‘ by mbbio^ Off d ifed ^ teusp tiilftdo by Wrftppiag 
codfee twine from tiie eoeoi-ndt dbfo tiglitly toiiiid a 
boiU'd^ as BLLfe stdtea, on a pioce of ooial ; the poip 
is tlioh waslied with sea-wdtor on d siovo made of the 
fibrous web that proteiofe tbe young' frcmd of minm 

tint palfn. After tie depbsftioO of the feoufe the liqriOr 
is drained off, the Sediment naade Into balls and dried 
in tho eim . from twelve to twenty-four hoUrs,^ then 
brohott Tip, and the desiccation finisbed in thO stm; . This 
fitardi has a flight musty odor, though in cofor it 
resembles genuine arrow-root. Its particles appear 
smaller than OaBsava Starch ; they are ciretdar, mullor- 
slmped, and polyhedral, having a small circular hiliim, 
and but few and not very distinct rings. 

There are a groat many other tropical plants from 
which starch could bo extracted, such as tho unripe 
fruit of the plantain and banana, and tho tuber of tlie 
dwscorea or yam, tho former of which is Stated, to 
afford seven teen per cent of starch, and the latter 
nearly twcrity-throo per cent 

TomAc^^nwin , — Tlio starch or fceula bearing this 
name is allied to the preceding. It is extracted from 
tlie tubers of tho Cannci eduMa] a native of the West 
Iiidies, Tl»c scat of its manufacture is p’incipally fit. 
Kitts, whento it was introduced into England in 1836. 
From tho account of Mr. WoUd$wortu, it appears that 
tho plant grows to the height of four feet or more, and 
yields a tuber three or four timos as largo as average- 
sized potiitocs. The focula is exlractod to the amount 
of twelve and a half per Cent, of the tubers by rasping 
and subsequent washings in the ordinary way. Its 
gi’nnulca arc much larger than any other kind of 
starcfi) not excepting that of the potato; Und conse- 
quently it may bo readily distingui^ed from tho latter 
by tho practisecl microscoiast. In bulk it has a satiny, 
gliKtcuiiig appearance, soniewhat resembling potato 
starch, but devoid of the dead white of the gentiine 
arrow-root. 

Perrira gives tho following as tho principal distin- 
giiiahi^ oharactistics of this and potato feCula : — 

1. Tlio particles of potato starch arc smaller and 
more irregular in size than those of totis-lca-mofs. 

2, The larger particles of pohito starch arc more 


irregular in shape than those of tous-lcH-moia : the 


latter oro more constantly roundod-oblong, or ovate- 
oblong ; the former more oval, often approximating to 
the shape of.^an oyster or muscle shell, or a triangle 
with rounded corners, and frequently gibbous or tumid 
at different parts of their surface. 

3. ^ho rings seen on particles of ttma UB-imla are 
fine, regular, uniform, concentric, arid Crowded ; those 
of potato atatch aro coarser, irrfijgular, often eccentric, 
irregularly drawn out, distorfed^ jjrpoifp and 
distant from each other. Iff potato etarcb a greater 
htimber of cofeplote rings arc visible, and feay bo traced 
feund. thd hilum weh fe case of many tho larger 
rWe/ With a few of thp -^nmllcr 

bll ; 

rA 


Con>ii^ 
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is the title of from 

varieties of palms vosry ccffWhcm fe Bufeadra, 
feorhcq, and olbof islanjjs bi lim fedisi 
the Word i«r dCriVCd frbm Hre Hafey haifio, lofif 

and the hsclf. la 

imported into Bfefeiand frbtri ’^li^pate fe liu^ {jpiati* 
fetios, but a fitooiis fcihd is toado at home fe of 
the fepta|ch manufoctmfes from focufe anfd wheat stai'fefe 
Tlic real plant Which sffiWdS Ibe sago Is stijl Und^hed, 
for Several of the species are known to yield it, thoSo 
of the Sapza and Sagivrm being the most important 
The Sagm rtmphii, Bdgi^^ 

the ramlfja of the Malays — or 
palm of Assam, i?oraSsiaa gomuw^ ahd i few otliers 
are the most resorted to, together with sovetiil species 
of Zamia, Corypha^ and MmrUiai Ih most df those 
trOQS the pitli is so abundant as tO Oonstlttite % great 
part of tlie bulk of the entire Steffi, which from its rapid 
growth often attains to a thickness of a foot or more 
in diameter in the course of six Or seven yeaira. From 
such a free it is stated that as much as three hundred- 
weight of sago can be obtained. f 

The metJiod adopted for ext ractfeg the mi ^ > > 

matter from tho tree and separating the starch from it 
is somowhat different from that followed ih preparing 
artow-robt starch ; but the mode of preparing the sago 
bears so much resemblance to the European Bysteto of 
preparing grain starch, that it will be unffeocBsary to 
enlarge upon it in detail. Iff the Moluccas, tho tree 
when sufficiently matured is Out doWn near tlm root, 
and then divided into portions averaging seven or 
eight feet in length, which aro split open and the 
pith extracted. By various ffioans^uch as pounding 
in a mortar, et ccte)a — tliis substance i« reduced to a 
coarse ix)wdcr, which is agitated with water and snh- 
rnitted to the usual siftings and washings ; tlio forina is 
then allowed to deposit, and on drawing off the fluid 
and drying tlie residue, the raw sago imal is obtffiued. 
From this tlie granulated and pearl sago is prepared, 
afte^jlfeubniitting it to a bieaching process preparatory 
to granulation. To bleach it, the eago ffieal or flour, 
mixed with water to the" existence of ofettiff, Is 
exposed in close vessels to the agency of sulphurous 
acid or chlorine, or to a solufloff of hypocblPrite of lime 
or soda, and afterwards well washed ; a little sfflphurio 
acid being mixed wdth the washing water when tlio 
hypoohlorito is used. 

Itx New Guinea the granulation is perfottned by^ *' 
m A ^ meal witho- 

clear liquid is then raCReu uuuagh coarse boffff • * 

plaoev^ the filters, ii, h, the deposit of sulphate of lii^ 
assum^^ tlirown upon cloth filters, where it is drahrffd 
ffieihotH^’ The sirup as it flows dff from the filter, 
that diiring>‘*^y ^ is retained fe Uio 

slirrod and turfc ^ 

is qitife^hito at 1 ? the/e«crvoir w; from tMs it 
somewhat pdlneid chaunol, m, by numerous 

hbat tifeioCff sagh serpentine evaporator, b s*, 

^ -j;." ^ Pi end tube, < 7 , }4tb 
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action of heat, but so ^veli managed 
that none of the substance is in tjfPeast charred. 
He adds that some of the sago of tliellns Resents no 
appearance of having been heated, and in it 

is supposed that the granulation is efToctedT^Smill. 
Two kinds of granulated sago are known ih comAe/ofe 
— the common brown or red, and the wliito or f*«'} 
sago. The color is attributed by Planciie to the rod 
matter contained in the variety of palms from which the 
starch is extracted, and by the application of the heat 
required for granulation altered to a grey, which is the 
Usual color of unrefined sago. Formerly the imported 
article presonfed a great inequality of aggregation, 
varying from very small grains to that of pearfliaiiey 
or peas, the substance being, however, identical in 
botli, and evidently composed of cemented particles of 
sago meah Pearl sago dates from a recent period; 
Craufoud, whoso account of it was the first publisliod, 
states that the method of manufacturing it was dis- 
covered by the Chinese of Malacca, a few years previous 
to 1820, the year in which he wrote. It is met wntli 
in pearl -like grains of an irregularly globular form, 
ranging from the size of a pojipy to that of white 
mustard seed or a little larger. The surface of the 
larger grains is generally smooth and even, but that 
of the smaller kintls is uneven and somewhat tuber- 
Uuder the microscope, the particles of this 
'ariety present tlie same appearance as that of the 
colored product and sago meal, except that the must 
of them appear ruptured from the action of the heat. 
Sago when granulated possesses the property of con- 
siderably swelling in hot water or other liquids, without 
losing ita adhesive power; hence the grains appear 
translucent and gelatinona, but not as slimy globules. 
The following table by Planciie exhibits the quantity 
of water which the different varieties of sago mot with 
in commerce take up in softening, as also the cliicf 
distinctions of the farina itself: — 

Watef ab«or1ifx1 
In aoiWninjc, 
Per ct'nt, 

Mahlin^'s, Grains, niORtl)? red, some white,.. I.'jO 

Sumatra, Grains, white or dirty-wbilu,. .. . 

New Guinea, Grains, hrick-red or lighter, 121 

Moluccas,.... Ked variety, 130 

Do., .... Grev, 100 

Do., .... White, 104 

'Of late years, more especially in Germany and France, 
considerable quantities of artificial or fictitious sago have 
l>een manufactured from inferior starches, such as fecnla. 
The process is simple, consisting merely of submitting 
the starch after air-drying to a temperature of 212” on 
iron plates, and thus causing the granules to swell to 
such a degree that some of them burst, when the gummy 
matter forms a cement that envelopes other granules. 
...CarA/jQpusitb« .token that the heat 
tion of each successive Urop'of the solution, in ordq^h 
that the liquor may become clear by the precipiti^' the 
of the chloride of silver formed. Wlien the wF rolling 
the silver has thus been thrown down, the exfoular form 
iity of the solution of chloride of sodium C’starches are 
its precipitation is read otf from the gr'’ig nocessar]^ in 
and, by the amount used, the per us will facilitate the 
presput is at once indicated. granules "at the com-" 
When gieat accuracy is rc<o insuTC cenrnit^tJUt)^* 
assay of a silver coin or a pie' 


Derivative Proihicts from Starch. Two 
products are obtained from starch which are very 
extensively employed, not oulyliy themselves, but also 
for the production of other substances of considerable 
importance. I’heso are dvxtrin and glucom^ of each 
of which it will be necessary to give a short account. 

DexlHn ,^^ — This sulwtance has been briefly described 
under the term British Gum in Vol. II., page 313; 
but its importance •deserves that some further details 
fihould be given hero. It is a substance immediately 
produced from, and isomeric with starch, and is so called 
from its property of diverting to the right a ray of 
polarized light transmitted through ita solution* It is 
'sohil^ in water and in dilute spirit of wine, but insolu- 
ble iii absolute alcohol, A solution of iodine docs not 
alter its color in solution, except when the transfor- 
mation of tlie starch is incomplete, in which case it 
produces a violet, shading off to a red tint. Wlien tlio 
colorless solution of tliis substance in hot or cold water 
is evaporated, a viscous mass is obtained, which, on 
being dried, yields the dextrin in a mass somewhat 
resembling gura-ambic ; it is similar also in its pro- 
perties, so much 80 ^ that in many ajiplications it is 
substituted for gum-arabic at a great saving ; and 
henoe tfie trade that has s|)rnng up of late years in 
this substance under the title of Britislj gum, Iciocomme^ 
ft fj'hra. Tt does not, however, like gum-arabic, yield 
derivatives, pueh as mucic acid and the like, when 
treated with nitric acid and other agents, and in this 
respect a marked chemical distinction is established 
hetwoen the two substances. On the methods resorted 
to for its preparation, the Editor has nothing to add to 
the details given at the page above referred to. 

GVwcow. — In starch factorioB, especially on the Con- 
tinent, a considerable cpiantity of starcjli or potato focula 
is converted into glucose — a species of sugar which is 
found in many kinds of fruit, especially the grape, and 
into which all otlier ^•arieties of siigar, whether it be the 
product of llio cane, maple, or beci, is readily resolved 
by the action of acids and other chemical agents. The 
chief use to which glucose is applied on the Continent 
is for the manufacture of beer, and a coarse kirul of 
alcohol, which is said to be extensively converted into 
French brandy by the addition of oil of raisins, coloring 
matter, ct cetera. There arc two methods by whicli 
the starch, or rather dextrin, is converted into glucose ; 
the one is well exemplified in all the brewories and dis- 
tilleries of tlic kingdom, where thousands of tons are 
annually formed in the preliminary stages of malting 
and mashing ; the other consists in the use of sulphuric 
acid, which is a more exjjcditious method, and gives a 
purer product than when the conversion is effected by 
tneaus of diastase. The process is naturally divided 
into six Btages, namely, the conversion of the starch 
into dextrin, the saccharification of the dextrin, tlie 
settling of the liquid, th^ evaporation, the filtration, and 
the concentration. Fayen doscribes the apparatas and 
ojierationa connected willi it as follows 

The sacobarification of the starch is effected in large 
tubs or vata^ A A'— Fig. 553-^constructed of stout 
wood, to contain, two tbousa^ eight bundted gallons. 
In one of these,* a"^,* a h c opilqd at the 

bqttom, is. placed^ the dfrodit portion Wrfog cut ek 
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perforated for the introduction of steam to heat tho 
acidulous water with which it is two-thirds filled ; the 
steam from the generator, is admitted to it at plea- I 

suie^by meahs of the pipe, 6 /e p, and stopcock,* A. 
Daring dm operation the vet is covered^ and the die^ 
engaged Tapor conducted to the dWmncy, b but 
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but'ove escaping it may be utiliiicd in evaporating the 
sirup by convoying it through stTpcntine pipes, e, f. 
By such arrangements llie disagreeable odors result- 
ing from the evaporation of the oil of the starch are 
considerably abated, being partly condensed in the 
serpentine pii) 0 , so as to flow off with the water pro- 
duced from the steam into a vessel interposed between 
the pipes, F, and i)artJy carried away hy the pipe, 
F^, f'' ; or the uncoudensc<l vapoi*s may be conducted 
into the fire where any remaining traces of essential 
oil are consumed, and thereby the nuisance is almost 
entirely prevented. 

When it is proposed to convert two tons of fecula in 
such an apparatus, the substance is suspended in por- 
tions of two hundredweight in a trough or tub, with 
twenty-two gallo-us of water, and when thoroughly 
steeped, it is introduced by a funnel, a, iu quantities of 
four to five gallons at a time, into the laigc tub or vat, 
which should be previously charged with about Uiiirty- 
two baiTols of water, and thro© quarters of a hundred 
of sulphuric acid agitated with it, the whole being raised 
to 212® by forcing steam into it. This temperature is 
maintained till all the feeula is introduced, and it is 
found that the transformation is accomplished in thirty 
or forty minutes after the last portion of the starch has 
been added^ The point at which the change is com- 
pleted is easily ascertained by simply testing a few 
drops dear luppif^wjtli a drop of a solution of 
jpdine/wfien, if tlie eicdumdeatlon be effijQted, no 
lOdloratioift pla^l/in the contrary nas© the cha- 




racteristic violet of iodide of starch manifests itself. 
After the conversion into glucose, the introduction of 
the stejun is Buspeuded, and the next oi'»eration is the 
saturation of tho free acid by means of carbonate of 
lime, and tho consequent precipitation of sulphate of 
lime. I’lio latter being but sparingly soluble, most of 
it fiills to the bottom. It requires from ninety to a 
hiJiiflred pounds of clialk to saturate tlio whole of the 
free acid; and this must be introduced gradually to 
guard against the evolution of too much carbonic acid 
at once. If an excess of lime be used, it prevents tlio 
solution from clarifying so readily as when tho sul- 
phuric acid is barely taken up ; this is shown by the 
cessation of ofi’orvescence, and the inability of tho 
liquid to change tlie blue color of litmus to more 
than a feeble purple tint. When the saturation is com- 
pleted, tho mixture is either permitted to repose in 
the same vessel, or if it be required to operate upon 
another batch at once, it is drawn off into the lower 
left at rest durW^^iagfelvt^ hours* 
the clear liquid isTEcu mik«44hl^gh coarse bone 
black in the filters, ii, h, the deposit of sulphate of Imu 
being also thrown upon cloth fillers, wliere it is drained ^ 
and washed. The sirup as it flows off from the filter, 
having a deneaty of 1*11 to 1*122, is tetahied in dio 
reservoirs, l, l,'l, from which His raised by a pump or 
a chain of buckets to the reservoir m ; from this it 
is distributed iu a horizontal channel, m, by numerous 
Jateral ‘Apertures upon the serpentine evaporator, e f, 
and then flows by a channel, and tube, % into 
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a 50 peiv«r, r, wbouco it oau be drawn at will by the 
and atopccwjlcs, % into the boilei-e, p', 
which are boated by Btcarn, apd in which the liquid is 
conoontrated to T26 specific gravity. , The sirup thus 
obtained, after ‘reposing a suflicieat time to allow tlio 
sulphate of lime precipitated by the evaporation to 
subside, is fit for the brewer or distiller; but if intended 
for the confectioner or liqueiir-maker it should be 
allowed to rest for twenty-four hours, filtered when cold 
through coarse bone black, and casked immediately. 
When it is desired to obttiin the glucose in a solid 
state, the evaporation is carried so far as to concentrate 
the sirup to 1*38 or 1*39 specific gravity — ^73° to 74° 
T Waddell; it is then poured into the cooler, whore it is 
left till the crystallissation commences, and thence 
transferred to the tuns in which tlie solidification is 
effected. 

Of Jtito years, instead of preparing tho sugar in an 
amorphous solid mass, as by tlie preceding luolLocl, it 
is obtained in grains or regiilar crystals. The process 
for converting the starch into sugar is tho same as tliat 
already described ; but care is taken to do it more 
thoroughly, since any excess of dextrin in the sirup 
is found to prevent crystallization. After the acid 
has been neutralized, and tho lime salt removed by 
deposition, et cetera^ the saccharine liquid is decolorized, 

J and concoutraled to T300, or GO® Twaddcll, in summer; 
“rp^'and T262 or 53'5® Twaddell, in winter. At iljese 
I stages it is racked off into large reservoirs where the 
1 lime salts settle down; and during this ])errod it is 
necessary, in order to prevent any fennoutation, Uial 
the liquid be cooled eitlier by circulation of air or of cold 
water in a coil placed in the vchsoI. After thirty-six to 
forty hours, the sirup, l:)eing clarified and cooled to about 
G5“, is put to ciyRtallizc in ordinary tuns furnished witli a 
false bottom placed over the lower one, which is pi(?rcod 
with a number of lioles that are stopped with wooden 
pegs. These tnns are jdaced on stages along the walls 
I of the room, twelve to fifteen inches above the fltwr. 

j A sheet of lead, or largo canal or sluice, reacljcs along 

I each range of crystallizing tuns. To avoid the fer- 
I mentation of the simp, which in summer often prevents 
j the crystallization, six or seven ounces of sulphurous 

j acid solution are added to tlie content of each tun. At 

I t]>o end of eight or ten days the crysUillization 

commences mid goes on, tho crj^stals depositing in 
succession. WJten the bulk of two-thhds of tho liquid 
bccotnes a jmassof crystals, the i)cgs in the lower bottom 
aro withdrawn, and tho still fluid portion is permitted 
to drain off, ,the operation being quickened towarcls tlie 
end by tilting two adjoining tuns ag^itist one another, 
i The tirainiugs are conducted to the converting tun, 

i where any dextrin Uie liquor may still c ontain is . 

baochanfiea. \ 

The desiccation of tlio drained sugar was long a : 
work of difficMlty, the moisture of the air beiug somo- 
timfi&Buffioiewt io canvert it s^aiu to simp, which, with 
the heat of melted and agglomerated the 

remainiitg poi^ioJHE. .FocsoiranD has obviated these 
iuconveuiences the tuns or tubs, h h, 

wi|h tables of plaster of - Tans, which absorb the 
I por^on of Uio mteiposeji sirup. This very much 
j quickens tlie desiccatioja .of the ciystals, especially ia 


a current of air heated to 77*'^ that 

granules are not thereby aolderejd together^ There is, 
however, a certain amount of the .oryatallikciif masa 
which has to be submitted to a second solution, namely, 
that which is agglomerated on the end of tiio loaf resting 
on the plaster ; this mti&t be separated, and the sugar 
' extracted from the sulphate of lime, by grinding tliera 
between cast-iron cylinders, and dissolving in tlie 
ordinary way. — Paym. 

Glucose crystallizes in grains formed of a number of 
lamellar plates radiating from a common centre, and 
Urns iorming a kind of bristling spheroid of lamellar 
points. It 1ms only one-tlnrd the sweetening power of 
cane spgar, whilst it is once and a half less soluble ; at 
212° it molts ill its water of crystallization, which 
cliaracterbtic allows of its recognition wdien in cei*tain 
proportions in cane sugar, U may also bo detected 
by the property whidi glucose possesses of forming 
definite coiiipounds with alkaline and earthy bases, 
which compounds suffer decomposition, and become 
strongly colored brownish, at temperature between 
1G0° and 212°, which is not the case with cane sugar 
under like circumstances. 

Glucose is composed of 2110, differing 

from starch, 0^^^, ouly by an addition of two 

equivalents of tho elements of water, and two equi- 
valents of tho water of ^crystallization, witli which, 
however, it parts when carefully exsiccated, leaving the 
compound of tlio composition 0,j Il^g 0^,^. 

UTRONTIUM.— Although less abuiulautly diflused, it 
resembles barium both in its chemical and geological 
relations. Like it stroiitium*is never found native, but 
only as carhtmate and mdphate. It was first recognized 
by llorE in 1792, in the mineral struntianltc^ so called 
from Stroll tian in Scotland. 

Pure strontium was first made by Dunskn and 
Matthikssen in 185;'); impure by JMvy in 1807. It 
is jireparod by electrolysis from chloride of strontium. 

It is a golden-yellow mehd, of considerable metaljic 
luhfro, harder tJian lead, and ductile. It melts at a 
red heat. Heated i»i air, it infiames and biiyns with 
a bright lustre in oxide. In dry air it remains untar- 
nished; but it docomposoB water, even at ordinary 
temperatures, with singular vehemence. Fuming nitric 
acid dues not attack it; but dilute acids oxidize it 
readily. It burns in chlorine, iodine, brpmiuc, and 
sulphur atmosj^Jlicres, producing tho coircsponding 
comjmiuids. . Sfrontiurn has a specific gravity oi 
2*542, and an equivalent wciglit of 44. It is only hi 
a sti’ioUy scientific light that this metal and its com- 
pound are of any importam^e, excepting the chloride 
ai^nitrate, winch are much used by pyrotachuiste. 
chcmicjil symbol of the metal is Sr. 

A few nf its princip^il compounds arc briefly de- 
scribed in tlio following: — 

OxiPE OF Strontium— — This is 
most easily obtained by igniting the nitrate. It is 
greyish-white, and of specific gravity 3932. It is 
neitlier fusible nor volatile. Fon^i^r it shows power- 
ful affinity, and forms a hy(lr(ft 0 ^ This is soluhJie in 
fifty times its weight of cold, and 24 parts of boJUng 
water. From the latter itqepkratcs in crystals 
jng to tliq square prii?ftfut3c Kin^ ^pqgiyalcnSis . 
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of water are , easily 4>xpellcd by l^eat ; but it requires a 
tenap^atpro approaching wldte boat again to render 
the hydrate anhydrous* Both strontia and its hydrate 
readily absorb carhonic acid. The symbol of strontia 
is BrO^ and the equivalent B2^ the symbol of the 
hydrate is.SiO, 9 IJO. 

CAitpoNATB QF Bthontia js fouud native as strou- 
tiaoitOi both massive, apd in fonpe belonging to the 
square prismatic system. It is most readily prepared 
pure by precipitating tlie nitrate or chloride with car- 
bonate of ammonia. The artificial carbonate is beauti- 
fully white and soluble in one thousand ijlve hundred 
and thirtyrsix parts of boiling water. It ia more 
soluVde ip aqueous solution of carbonic acidj/ and 
separates in neoJles when evaporated. Heated to 
briglit redness in a stream of watery vapor it loses its 
carbonic acid, and becomes changed into strontia. 
The symbol is SrO, CO^; Eq. 74*00; specific gravity, 
3*005. 

SuLpJiATE OF SxiiONTiA is tlic celesiim of minoral- 
^ ogistfl. Bomotimos massive, it is often found beautifully 
crystallized in prisms isomorphous witli fiul|;)liato of 
baryta. Artiiicially it may be prepared by precipitation 
from any of its soluble salts, citJier by sulphuric acid or 
a soluble sulphate. It. has tlie form of a white tasteless 
powder, soluble in fifteen 4ihou8and parts of coKl, and 
lliroo thousand eight hundred and forty parts of boiling 
water. In solutious of common salt it is slpwly but 
completely soluble, A solution of Biiljduitc ot strontia 
precipitates salts -of baryta. The symbol is WrO, SO 3 ; 
Kq. 92*00; specific gravity, 3*05. 

Nitratxc of Strontia separates from concentrated 
solutions in transparent colorless octohedra, soluble in 
five parts of cold, and half their weight, of boiling 
water; insoluble in ttlcohol. It has a sharp, cooling 
taste, and decrepitates in the fire, leaving .strontia. 
At low toinperatures it cr}'sU\llizes out from more 
dilute solutions with five equivalents of water. Nitrate 
of strontia is much used by pyrolechuists to produce a 
splendid crimson flame. A mixture of forty parts of 
the nitrate, five of chlorate of polassa, thirteen of sul- 
lihur, and four ,of the scsquisulphidi* of antimony, is 
found a good one in practice, hui fj rent cart' is necessary 
in the admixture. The sjunbol is SrO, NO^ ; Eq. 
10G*00 ; specific gravity, 2*704. 

On the large scale the nitrate is pi’opared by heating 
pounded celestiuo with one-third of its weight of bitu- 
minous coal, dissolving the resulting sultdiido in water, 
and decomposing with dilute nitric acid. 

Chi.q»ii>e of Strontium is in long, six-sided 
noodles, ddiquescei;!, in moi.st air, and sol u bio in three- 
qnarfisr parts of cold water. It imparts an intense 
crimson cojoi* to flame. In alcohol it is also soluble. 
When heated, tlio chloride melts and becomes speedily 
onliydrous. Ignited in air, it loses chlorine and absorbs 
,o?cygen. The chloride of strontimn is most easily, 
prepared by dissolving tl;ie sulphido in water, and > 
decomposing with hydrochloric acid. The symbol for 
the salt is $rCl, G HO. 

ihc jSuliis of — -They 

are colorioss; not potoious, like most of those of 
barium* Before the tliey communicate a 

Orimsottijdlorto flame. ^ 1 ther*hydroflaoeiliciciacid nor 


hyposulphite Of soda precipitates them. The chromate 
of strontia is sufiiciently soluble to J?e cihployed as a 
test few baryta; but oxajic acid produeqe immediate 
tmbidhy in them. On addition of sulphate of 1mm to 
a, solution of a salt of strontia, there arises gradually a 
white precipitate of sulphate of sti'ontia ; inmaediately 
when heated. 

Strontia is always determined in analysis ea sulphate 
or carbonate one hundred parts of lire former coptain 
5G*52 of strontia, and of the latter 70*27 parts of this 
base. 

STO 4 B.T-^W£.Tt?, French; German ; Sacchiji^- 

rmrif Latin. — Sugar seems to come more directly from 
the Persian fShu/ckur, which is nearly the-samo as the 
Englisli pronunciation. The Arabic name is similar, 
and the probable origin of botli is said to be the 
Sanscrit Sarkara, In tlie old Assyrian and l^hceni- 
cian languages tliere was no letter but both nations 
called the substance awkar or suicra. It is said by 
Humboldt to have been known in very early times in 
China. It is probable tliat in early historic times it 
was^ brought as a luxury and a curiosity into Western 
Asia and Europe. The Hebrew word for being intoxi- 
cated is Shacary and strong drink Shccar. These words 
wore believed to have an intimate connection with 
sugiir; but iliis could only occur in a country^ whore 
sugar was so well known that its ready passage into 
alcohol .was familiar. Such was not the case in 
Western Asia or Syria and the surrounding countries 
ill ki.own times, although it may have been so at an 
earlier period. In the Bible is mentioned sweet calamus 
two hundred and fifty sliekols; and calcmm and cinna- 
mon in Solomon’s Song ; svjeet cane In Isaiah, and 
in Jlrbmiau and Ezekiel. There is little difficulty 
in believing the scriptural writers to be the earliest 
who allude to sugar. Persons in frequent communica- 
tiuii witli the East wore sure to obtain its products 
befure the Greeks. Herodotus speaks of manufac- 
tured honey, supposed to mean sugoi*; and Stjrado 
mentions tliat NEAuonus, one of Alexander’s admi- 
rals, speaks of a reed which yields honey witliout bees 
in India. Txieophkastus mentions it as a honey 
obtained from a reed which grew in moist places in 
Egypt, and had a sweet root. This sweet root has been 
used as a proof that ho did not allude to the cane. 
The mention of moist places also is an objection ; but 
so many ciuies do grow in moist places that one readily 
forgives this error and others, seeing that tlic fact of sweet 
matter from a c.iiie is so distinctly spoken of, Tiieo- 
PUKASTUs speaks of honey from reeds, evidently cane 
sugar. Eratosthenes alludes to roots in India sweet 
to the taste even when boiled, as if it were tlie custom to 
boil tlicm tqjomovo the sugar. Yauro speaks of the 
juice of an Indian root so sweet thafj ' 

out, no honey can contend with it. Diqscoridks 
says that tliore is a kind of honey called 
which is found in reeds in India and Arabia Felix, 
having the appearance of salt ; b)||^>va8 only used in 
tnodicino. If found in Aral^^ iC'sjj^ well have been 
known early In Syria. PL^i^jf sajfmt tlioro ia a kind 
of honey wUioli collects in roeda^ ,wl 4 te like gurcq 
brittle to the teeth;, tlie larger pieces about the 
Or fil'b^^t, 0 ^ only used in medicine. B^Tius speal^ 
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of boiling canes in Ebosita ; but that place is not 
known. Abrian mentions it as an ai ticle of Indian 
commerce ; and uElian spettks of it as pressed from 
reeds on the Ganges. It is well to add that Dr. Agam, 
the learned editor of Paulus Egineta, says that the soe- 
chariim of Tueopurastus, Dioscoridks, Galen, 
Strabo, and Pliny was a concretion formed on vari- 
ous reeds, but especiallj’ on the bamboo cano; also, that 
Mobes Cuorenenibis, fifth century, first mentions tlie 
boiling of canes. This may account for tho bitterness 
and medicinal qualities mentioned by Dioscorides and 
others, Albertus Agnensis relates that tho cru- 
siiders found sweet honeyed cancs in great quantity in 
tho meadows near Tripoli in Syria, which reeds were 
called Zucra, Those the crusaders sucked, and were 
much pleased with the swcot taste of thorn, with which 
they could scarcely bo satisfied. This plaut is culti- 
,vated, the author states, with great labor of the hus- 
bandmen every year. At the time of harvest lliey 
bruise it when ripe in mortars, and set by tho sti aiucd 
juice in vessels, till it is concreted in the form of snow 
or of white salt. This, when scraped, they mix with 
.bread, or rub it in water, and take it as pottage ; and 
it is to them more wholesome and pleasing than tlio 
honey of bees. The people who wore engaged in the 
sieges ef^ Albaria Marra and Archas, and sufiered 
- 1 - ] dreadful hunger, wore much refreshed til erehy. Again, 
j Jacobus de Vituiaco mentions reeds full of honey 

I in Syria, pressed out by a screw and concreted by fire, 
i I WiLLERMUs Tyrf.nsis speaks of it as being an article 

I I of export from Tyre ; it seems to have at that time spread 
I over all the Levant, and in the time of the Emperor 
j BARBAROSSA’it was made in Sicily, and used both solid 

and as a sirup. Sugar is said to bave boon imported 
into Venice as early as 991. It w\a8 brought fi’om 
Sicily and Egj'pt — cheaper from Sicily — in tlie twelfth 
century. In 1166 William II, gave a mill for grind- 
ing sugar canes to the monastery of St. Bonnet. Jt 
travelled into Valencia, thcncc to Gj'anada and Murcia. 
About 1420 the Portuguese took it to Madeira and 
Spain, and to the Canaries. Thence, saj^s Dr. Mowi:- 
LEY, the cultivation of tho sugar cane and tho art of 
making sugar were extended by difierent nations of 
Europe to the West Indian islands and the Brazils. 

In 1518 there were twenty-eight sugar works 
establislied by the Spaniards in Saint Domingo; and 
Hawkins brought some of tho sugar to England in 
1563. Antwerp had exported it about the samo time 
— 1560. The English planters wore realizing great 
wealth in Barbadoes in 1650, although the Portuguese 
supplied tho most of Europe then with Brazil sugars. 

Tlie name sugar is used in the arts to denote cer- 

f ,4»ia..flUb«tances iu -the vegetal and anin«tbk4»gdoms,, 
whose chief characteristics are a sweet taste and tho 
power of . Undergoing, either directly or indirectly, 
vinons femioBtation, that is, of splitting up under 
tlm infiiien^, of almost wholly into carbonic 

acid and alcohoL Fpur principal kinds of sugar are 
known, namely, so called from the* fact 

that its chief source is ||ttgfrr cane, though it is 
found in large quantitieit> in bpinsr plants, such on., the 
stalks of maisse or.lidr^iconi, the maple, bireh« pAbn^ 

; ^ . the beet-root, carroljjttiisnlp, atwl fn a largo numW.of 

" 'k- ' . ' - ' 


tropical fruits ; fruit sugar is that to winch acidulous 
fruits owe their sweetness, and hence its dosignatiqp ; 
it does not crystallize, and exists iu large quantities in 
treacle. The tliird variety is called grape or etarch 
sugar, owing to its being found in ripe fnjit, such as 
dried raisins, figs, and the like, or from the fact that it 
may bo produced in quantities from starch; and tho 
fourth kind, called milk sugar, is exchisivcly found in 
the lacteal (laid of animals. 

A remarkable feature in all these varieties of sugar 
is, that two of tlie three elements of which they arc 
composed, namely, hydrogen and oxygen, are so pro- 
portioned as to constitute water, or, in other words, that 
they cbiitain tho same number of equivalents of these 
elements. This fact lias led to sugars being designated 
hydrates ofmrJxm^ but from such terms it is not to bo 
understood that the hydrogen and oxygen really exist 
as water, but rather that their combination, in the pro- 
portion in which they are found in Ibc sugar admits of 
the expression, Tlie composition of the dillcrcnt kinds 
of sugar varies only in the elements of one or more 
equivalents of W'ator ; to which fact may he attributed 
the readiness with 'whirh one species is changed into 
anutJier, merely by the assimilation of that liquid. This 
feature iu the composition of sugars extends to otlier 
substancL-s not possessing tlie same properties, but 
readily convertible into particular kinds by certain 
cbernical operations, suuli as the several starches, dex- 
trin, inuliu, gum, and several others. The following 
tabnlar view of tho chemical composition of the sugars 
and a few of the above mentioned substances will at 
once exhibit the groat analogy in composition between 
llie two classes of bodies : - 


Nnmo Coin|x)KilIon 

Cane s«}:;ar, or 

HllCrOhli, .... ^ ^SKI t'lg Bj, tljj 

Fniii Biigiir, or 

friJCtOHH, . ... Cj^2 B Cjj ii-l tbu 

yiaroli sugar, or 

i^liiuose, .... Cj2 B,2 2 lit) — Cj2 11,4 

Milk sugar, or 

lactose, .... B,y Cjy, ty HO “ Cjjo X 2 

Manna sugar, or 

mellivosc,. . , C241 B24 0^4, 4 XlO — Cjj B,^ 0^4 X 2 

Blnroh and pum 

Starch, Cja Hio Oio — Cu lI|o 

I)t'xiriri, C 12 Bjo Ojq Cij, Ibo 0,(, 

bnilin, 'C24 n2i O^i =: C|2 H|(, Oio X 2 4* 110 . 

Bam, 0,2 B,i O,, = C,2 Hu O,, 

Cclluloae, Cja Hio Ojo 


From a comparison of the formulas in the foregoing 
tabic, it will be observed tliat tho amount of carlnm in 
the several varieties remains tho same, but that the 
elements of water present slightly vary, and to these 
their distinct and diverse properties is to be attributed. 

Cane- sugar. — Common mgar is manufactured 
chiefly from tho sugar cane, but large quantities are 
prepared also from the sap of Uie maple bree and from 
beet- root. 

Prepamiioti, — To make pure cane-sugar the same 
course of operations shbuld b^.iollowed as will bp 
degpribed in prepi^ing and ijpMng sugar, epch being 
execuled witli greater care ta^^ittentiou ; Iwnce H wil; ^ 
be needless, to d^lail tfio prooefe here. ' MI 
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Properties, — Cane-sugar when pure, as in the finest 
lump) Ims a glistening white appearance, resnltiiig from 
the multifarious teflectiona and refraclions of light from j 
the numerous congeries of aniall crystals composing 
it. When a very concentrated solution of this sub- 
stance is left to crystallize spontaneously, it forms 
rhombdidal prisms with dihedral summits of consider- 
able dimensions, especially if the nuclei be transferred 
repeaknlly to concentrated menstrua. ^ Thus crystal- 
lized it forms the sugar candy of the shops, and appears 
transparent. According to PLAYFAm and Joule 
its specific gravity is 1*594. It is soluble in about 
one-third of its weiglit of cold, and in all proportions 
in boiling water, forming in either case transparent 
colorless sirups. A solution saturated with sugar 
at 2J2° deposits a part in crystals- -the candy already 
mentioned — on cooling. If the temperature at which 
the saturation is effected be raised to 2.W, the whole 
foirns a concrete granular mass when allowed to 
cool. This is not the case when the sirup is rapidly 
l)oiled down to the same density ; for then it con- 
geals on a cold surface in a traiisparciit amorphous 
mass, wlucli on exposure becomes opaque, owing to 
a fibrous crystallization radiating from the surface 
inwardly. In tills state it is ordinarily called harUy 
sugar ^ the change from the crystalline state being 
due to a dimorphism caused hy the heat, analogous 
to that which sulphur exhibits under almost similar 
circumstances. Continuous boiling of a wciker simp 
has a like effect. The same change, from the crys- 
tallizable to the noncrystallizable modification is 
effected in the cold by the prolonged contact of 
dilute mineral acids. NiuuMystallizablo cane-sugar has 
the composition 0,^ 1I„ O^,, 110. It is gradually 
converted by long-continued contact with water, 
esjiocially in the presence of acids, without undergoing 
any chemical change, into glucose or grape-sugar — 
0,g 2 110— a substance wdiich crystallizes 

ill acicular tufts. Dilute alcohol of Rj>eci(ic gravity 
0‘830 takes up about a quarter of its weight of sugar. 
Absolute alcoliol dissolves a small (juantity of it at 
the boiling point, but deposits it again on cooling. 
When the crystals of candied sugar arc broken, a slight 
phos])horcscenoo is discernihle, and a similar pheno- 
menon is produced on nibbing two pieces of lump 
sugar togotber. Heated to 212"*, no further effect is 
produceil on crj^stallizeil cane-sugar than the expulsion 
of the mechanical moisture contained in its interstices. 
At 320® it melts ; and though not dcconiposed, still, 
as PROUT remarks, several of its characteristics arc 
destroyed. Between 320° and 350” the liquid mass 
becomes transparent on cooling, though, from circuru- 
fitanccH such as those mentioned in roferenoe to barley 
sugar, the transparency is destroyed after some time. 
At 410° it clianges to an orange-yellow, afterwards 
to a reddish-brown Imc; and if this heat be main- 
tained, it is converted into a new acid compound of 
a brownish color very soluble in water — caraw^— with 
tbo loss of throe ©quivalcnts of water. If the heat 
bo further increased, complete decomposition takes 
place; with eveJutioh,^ of inflammable gases mixed 
witli carborrie Bcid,\ l^dgengiiug and acetic 
;^cid; an4 i'earbono^bmiB . forming abpitt- 


a quarter of the Voight of the original substance, 
remains. 

Cane-sugar combines directly with Idio oxides of tbo 
alkalies and of the alkaline eartlis, forming with them ^ 
sugarates— 'improperly called somelimea saccharatee; 
and also with certain salte^ particularly with chlorido 
of sodium. The potassa and soda compounds, which 
are both unstable and indefinite, are obtained as sirupy 
liquids on adding a strong aqueous solution of the 
alkali to a solution of sugar in alcohol. Their com- 
positions arc — 

NttO, Ci2 Bji .0|i, I 
K 0, Cja 11,1 C,,. 

Sugarate of baryta is formed by dissolving one part 
of caustic baryta in three parts of hot water, and adding 
the solution to a sirup containing two parts of sugar 
and four parts of water. A mass of crystals is thus 
obUiinod resembling boracic acid, and having the 
composition — 

BaO, 0,2 Bji Oil - 

Sugarate of baryta is dilbcnltJy soluble in water, and 
iffdccotnposcd by almost all acids into the correspond- 
ing baryta, salt and sugar. Even the carbonic acid of 
tlie air eflccts this change. 

There appear to bo three sugarates of liipe, of which 
however the most dolinite and important has the 
position — - 

CaO, Cjg ITj, Oj,. 

Tl-is is formed on adding milk of Jimo to sirup, in the 
proportion of two parts by weight of lime to Ibfr- 
teen of sugar. After filtration tliC sugarate of lime is 
precipitated by alcohol. On drying, this body appears 
frangible and resinous, and is very soluble in water. 
This compound has the rare property of being precipi- 
tated from its aqueous solution b}^ heat, and f)f redis- 
solving as it cools. The amount of lime which a simp 
takes up is less according ns the density of the sirup is 
greater. The following table constmeted by PtxKiOX 
shows this relation — 


Qimntity of mipftr 
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piirl.B ul w (tier. 

iclriiji 

till Ilukd 

r.ontiiiit 
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Lime. 

Ru^r. 

40-0 

M22 

.. 1*179 .. 

21*0 .. 

79*0 

37*5 

1*111) 

1*175 .. 

20*8 . . 

79*2 

:}r)-o . . 

1-UO 

1*166 .. 

20*5 . , 

79-5 


1*103 

.. 1*159 .. 

20-3 . . 

79*7 

ao-0 . . 

1-oyc 

.. 1-148 .. 

20*1 . . 

79-9 

27'b .. 

1 -oso 

.. 1*139 .. 

19*9 ... 

80*1 


1 *082 

.. 1-128 .. 

19*8 .. 

80*2 


1*()75 

.. MIG .. 

19*3 .. 

80*7 

2()'() 

1-008 

.. 1*104 .. 

18*8 . . 

81-2 

17-5 .. 

1-080 

.. 1*092 .. 

18*7 . . 

81*3 

KVO .. 

1*052 

1*080 .. 

18*5 .. 

81-5 

1*2 5 . . 

1044 

.. 1*067 .. 

18*3 .. 

81*7 

10-0 .. 

1*036 

.. 1*053 .. 

18*1 .. 

81*9 

7-,'5 - . 

1*027 

. . 1 *040 . . 

ie-9 

83T-<»r:is 

rro . . 

1*018 

.. 1*026 .. 

15-3 . . 

M‘1 

2*5 ., 

1-009 

.. 1*014 .. 

13*8 . . 

86-a 


The hydrated oxide of copper is dissolved by a 
mixture of sugar and sugarate of lime, cb amorphmiR 
double sugarate of lime and xSepper being termed. 
The sugarate of lead is npt strictly an analogue of the 
previously described teelkllic compounds of sugar, 
which arc formed by' the direct, UTiion of tbo sugar 
with the motallic oxl4e^ ' l^d js sugar in 
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which foTir aioriiB of hyiilicogOJi ai^ K^placcd by fhThr 
atoma of lead — 

0« j|[^ Oajn or 2 t’bO, 0i2 

It fa prodtied a g'dailuons prooipti^to on fofxin^ 
ati aititnoniacal sokilou bf^acetato of lead with h solu* 
tiott of sugar. After washing with cold it is dissolved 
in hot water, and allowed to stau<l closed from the air. 
Tlie bompowad gradually separates out as wliitb crys- 
tals. Massicot also gradually combines with sugar, 
forming the same compound, water being liberated at 
the. same time. 

The chloride of sodium Hkowlso combines directly 
with Cane-sugar. If foitr parts by weiglit of sugar and 
one part of oltloride of sodium be dissolved together in 
water, and allowed to evaporate spontaneously, the 
of sugar first crystallizes out ; the mothor-Hquor, 
on furrier evaporation, deposils crystals which deli- 
quesce in moist air, of the compositiotj, according to 
Geeuaedt, of— 

NaOl, C24 Uij2 (W 

Glucose, or grape-sugar, occurs in raisins, currants, 
imd other dried ripe fruits, and in flowers. It occurs 
also in honey and in the urine of patients alTected with 
diabetes, accompanying in all tlio above cases non- 
Ci^stalliKable cane-sugar. It is found also in the 
Wood, tiie bile, and in eggs. Both starch and cellu- 
lose, cororvprted into glucose by digestion with 
dili^ BUlphu^ -ipid. The suhstanco which appears 
n^f the germinating point at the time of germination 
eeredfl, balled diastase, or in its crude and impure 
ycarit or barm, has also the power of transforming 
staerch into grape-sugar, for there is no evidence to 
show that ‘the Bubslance which cjliangeiS starch to glu- 
cose, is other than tliat which chiuigeB ghiooso into 
alcohol and carbonic acid. 

Aqueous alcohol dissolves all those kinds of sugar, 
cane-sugar, grape-sugar, and noncrystallizable sugar, in 
proportions greater according to the degree of dilution 
of Uie alcohol. Absolute alcohol dissolves the non- 
crystiillizublo sugar alone. This l>ehavior is made the 
basis of a rocLliod of assiiylng sugars, as will be shown 
further on. • 

For further particulars concerning th(5 properties and 
composition of this suhstanco, see ai ticle Htaucui — sub- 
haading Ghtcose — page 0G2. Glucow, like smyr<m or 
cane sugar, combines with the metallic oxidvis to form 
the following glucosatcs — 

HO, or .%1 j{vO, (124 P('M(iot, 

^ isaji 

Ojj4, G no, or 8 CaO. Il^rt O^. 

Si^ 0^4 ipi^ Oaif 4 no, or fl FLO, 0^4 Ilgi O^j. 

wiUi cliloride of sodium forming — 

Cl, 2 no. 

forma tolphuric acid a coiHdatbd acid 
ta are and incomplbtaly 

With nittic afcid 'i| iaipmihig compotti^ is 
pfoflucfed. Maituite forilfta •tH^ith nitric acid a 
dbtottat1ng:bp(ty, 












Mannite— G is Hii also of 

mushrooms, is ohiefty extracted fi*om toanfnai 
datiou from the FruMum roturidifolik} it,la 
in celcify, dog’s tooth, fennel, et eeteta\ 

Mahiii^ is one of the pfodticts of the 
of starch and glucose; it is ptoduebd in the feans* 
formation of starCb into glucose lny dilute sulphiirie 
acid. It is readily Obtained from manna by boiling 
it witli strong. alcohol; on filtering and allowing the 
filtrate to coOl, it Crystallizefl out, and is purified by 
recrystullization from alcohol. Mannite does not 
readily ferment. Owing to this, it may be freed from 
the other sugars by submitting the li<juid which con- 
tains ^lom all to fermentation, and extracting the 
mannite from the unferraented rosidne. It is suppofujd 
that the gradual loss of sweetness cflfccted by time oji 
Nvinc is chiefly due to the slow transformation which 
the riianiiite they rotiifued after the first fermentation 
iiiidcrgoca. Direct ('xperiments have shown that 
mttnnite docs suffer such a fermentation. 

Suf/ar of Iljj,, O30) 2 IIQ— otherwise 

called lactino or lactose, occurs in the milk of the 
mammiferaj, fi oin which it is extracted by pTCcipitating 
the casoum by a tlihitc acid, fiUering, and evaporating 
to dryness. 

ASVr^me— Cj4 IIji — is found in a few planks. 

Mositc — 0^4 Ub 4 O24, 4 110— occurs in tho juice of 
flculi, it it^ very soluble in water ; insoluble in alcohol 
and ether ; at 212° it loses fCur atoms of water. 

Cane-sugar, both crystallizablo and noncrysmllizablo, 
and glucose, arc all capable of olcoliolic fermentation. 
But the action of llic ferment is, in the first place^ to 
transform both the former kinds of sugar into glucose 
or grape-sugar. — Sec Alcohol. 

Testing or Estimatum of Sngar.- If a watery 
solution contains only one of the throe kinds of sugar 
— namely, cane-bugar, crystallizable ; cane-sugar, non- 
crystallizublti ; or grape sugar, glucose ; tlm amount 
of sTigar may be deteriuiru'd from the specific gravity 
of tlm sirup. In all cases tho density of the sirup is 
increaficil by an increased quantity of sacebariiio matter. 

The following tabic frr3Tn Dr. Dkk’s Dictionary sljows 
the specific gravity at 00° of solutions of crystal lizablo 
cane-sugar contairiing various amounts of sugar in one 
hundred f)art8 by weight of the sirup : — 


in ono iifindrotl partn 
by wOjslit, 

Wjjooiflfl ^raxHy 


1*3200 

r>o- 0 ()o 

1*2310 

40 ‘000. 

M777 

as'Ssri 

1*4400 

31.250 

M340 

2i)-4H2 



1*11X0 

2 . 5*000 

21-740 

20-000 

l*OOOfi 

1 ‘osio 



I'OSis 


X WX) 



10*000 
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Tlie subjoined more oxtend0d tablo hasi>efeE 
^tfueted by Payen for a slmilAt purpose. It shws 
tho doDsity at 69° of s{r,jps %3«ed one 

hbhdred parts by weight c#f sugat in diffeHiit quantSrios 
of ^.The wjj'gw differ wmiewlmt 
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KufiLMAiifN believes that the free olkaliuo salts are 
hurtful, but has found it impossible to remove them 
by, means of strong acids, or by sulphate of magnesia, 
sulphate of ammonia, or chloride ammonium. Ho 
prefers phosphate of ammonia. 

This pToce8s-*one cannot speak for the phosphate of 
ammonia^ but only for the carbonic acid-— is a good deal 
used in Franco. 

says that if lime ia added in quantity 
sufbeient to form throe of lime and one of sugar — 
3 OaO Ois till Oil— the ^vigar is preserved, and nitro- 
genous matter falls witli tlie lime. However this may 
be, if boiled with the Ume tlie color is rapidly dete- 
riorated. 

Attempts have been made to preci- 
, [)itato sugar from Us solutions. Duhaunfaut and K. 
Dii: Massy have a process depending on tlm union of 
sugai* with baryta. Caustic baryta is added to the 
sugar till it is all thrown down. A pure compound oV 
baryta and sugar falls, and this is decomposed by car- 
bonic acid. It is not at all proved that all the sugar 
can be thrown down in tliis way ; it is said only to be 
done at a boiling heat. NiCKLhs says it cannot be done 
with iincryslallizable sugar. — See furtlicr in accounts 
of Patents, 

1 Uses, Piiy.SiiOLOcjK;AL Kj-fects, and Impukities. 
j — Sugar exists in the juifces of iriafiy [»lants, and is 

I in part the food of many animals. As an article of 

I food it has highly fattening properties, and as such 

it must be considered as .serving mainly for the pro- 
duction of warmth in the body. Animals which eat it 
j appear sleek and comfortable, and it tends to promote 
digestion. At tho same time there arc many persons 
I who cannot use it as food to any great extent, on 
account of its inclination to produce acidity. The 
negroes, and even whites, who suck the sugar canc are 
not found to be troubled with these symptoms, whilst 
the teeth of the negro never suffer from the constant 
use of tho sweetest liquids. Such, however, is not 
the case in ISngland, where a great amount of sugar 
is found to be hurtful to the teeth. It is perhaps 
scarcely correct to say this of sugar irj the diet, as 
it is not well known that tho same effects would be 
produced by sugar used in abundance — in pies, for 
example — as would be produced by sugar Uiken alone 
and long retained In tho mouth. Persons engaged in 
sugar works are in the habit of eating sugar very fre- 
quently. With some it is a j>art of their duty, as the 
value is to some extent measured by the taste ; but 
whether as a ‘duty or a pleasure, such persons are 
almost invariably doomed to lose their teeth at an 
I early period. It may be said that sugars, until dried 
or thoroughly cry.staUi7.ed, have a certain amount of 
acidity in them ; but this is in general too small to 
stand as a reason ; much more acid i$ taken in other 
species of food. There can be no doubt that sugar in 
large quantities peculiarly affects the digestive organs, 
and causes also a distinct taste, other than sugar, to 
be perceptible some time. The cause may be tliat as 
an article of food it does not associate well in large 
quantities with tho food used in this . country. But, 
again,, its valuable qualities are many, and the amount 
fitted for individuals must be found by experience. 


Tho oxcessivo use of sugaf^bat Is, to the extent} 
urith.a healthy man, of about a pound per ds^^, pro* 
duces effects not apparently much studied. 0)0^ ' 

is a tendency to giddiness, without any observed ^dl- 
tional iacontonionce. It is possible that this may azm 
from the iai:ge amount of carbopio acid generated 
ing its decomposition, causing at tho supae time £ro$tieui 
eructatians* 

When the Uiroat is irritated, a solution of sugar slo wly 
flowing over tho smface prevents irritatimit ^ alkye 
coughing. Sugar and treaole are valuaUe fior covering 
burns, acting chiefly, as Mr- ;CltOM3^N of Manchester 
believes, as non-couductore pf heah , It is sometimes 
Used in a powdered state fpr.ulpers. qr rather proud 
ilesli, and for specks on the cornea. It has a consider- 
able power of reducing ntbiallio oxides, and has been 
used as an antidotcT for polsonipg by metallic salts, such 
as those of copper*, mercury, silver, gold, and lead may 
be iiicluded ; but this action has been referred more 
to its physical than to its chemical properties. It is j 
highly antiseptic, no doubt, because it covers from the 
atmosphere. It is much used in phamacy for impart- 
ing ‘flavor to bodies, and to conceal taste. It is also 
found useful for giving form and cons^tence to some 
medical substances. It is employed as a medium I 
of bulk to convoy smaller substances, as in opium, ' 
loKenges, €t cetera^ and notably so by the bomoeopa* 
tliisis, wJiose medicines may sometimes be distinguished 
from sugar. Many auimalB delight ,in it . Porses put 
thoir rioses into the sugar bags, and everh,'^ck tliem, | 
^Yhilst the fowls fight for the fallen pieces, 

Sugar is also employed for feitnentaticu]. Indeed, 
properly spoaluug, it is the only tiling used for fer- 
ine iitution ; but sugar from the cime, and still more 
tl)e less crystallizable portion, is now considerably 
used. It has been employed for the purpose of mak- 
ing oxalic acid by oxidation with nitric acid; but 
starch or cheaper substances arc more commonly 
employed. Enormous quantities are used in preserv- 
ing fruits. Treserved fruits are becoming daily more 
and more accessible and more used. Formerly fruit 
was preserved only by such careful and well-to-do 
liousewives as could speml some considerable time and 
money on the luxury. Now the conservation forum 
a branch of industry or manufacture. Marmalade and 
preserved oranges are sent from Scotland in great 
quantities, and are everywhere prepared. Preserved 
fruit is also sent fiorn various parts of Europe, espe- 
cially the shores of tlie Mediterranean, and it has 
begun to appear at our dessert tables after arriving 
from the East and the West Indies. England, as 
usual, lakes up this manufacture with great vigor. 

One house made a small experiment last year witli 
thirty tons of preserved plums, and finding it success- 
ful made next year a hundred tons. The preserves 
were of an excellent kind, and cheaper than those 
made by the usq^ methods in smaller quantities. 

The amount used in the form called 

meats, comfits, and bonbons is very great, and ipore 
80 on the Continent, according to accounts, than here., 

At the same time, although one finds in France, 

many, and Italy some very handsome 

shops, it strikes the Editor that the amount of comfits in 
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is very small, and tlie variety very limited. The 
BUgar may bo pure and unadulterated arsenic and 
sulphate of lime, or any other noxious or poisonous 
substance ; but tlie shops seem to depend a good deal 
on their sale of beverages, and in some places on 
their restricted number. No country oflfers such groat 
varieties of excellent sugar sweetmeats as England, or 
in such rich diversity. In China the variety is said to 
be very great. The only fault in England is that 
there exist so many qualities to suit the purses of every 
man, rich and poor. The inferior qualities are mixed 
with flour. This, of course, diminisbos the sweetness. 
This would be a small evil, if' the makers did not some- 
times use instead of flour sulphate of lime or plaster of 
Paris. Even this, however, is innocent in comparison 
to the coloring matters used at times. Sweetmeats are 
colored by ignorant people with common paints of any 
kind that come in the way. These are painted roughly 
on the sugar. Some of them contain copper, some 
arsenic and copper, and some lead. Several cases of 
death have occurred from tlie use of such substances ; 
and there can be no doubt of the propriety of a surveil- 
lance over the manufacture or sale of articles liable 
to be so abused. Tlie best confcctioncTS use only 
innoxious colors, and these vegetal. 

The unfiltered sugar, or Muscovado, as it comes 
from the Colonies, contaifts many imimrities, and should 
never be used. Many peculiar species of beetles aio 
found in it.. One especially infests abundantly all 
Hugar-housos, But the acarus mcchari is the animal 
that, of alfJ' others, is the most to be avoided; it is not 
found in filtered sugar. It is an animal somewhat like 
an itch Insect, and a drawing would not be plousant in 
an article on sugar. The grocers’ itch is in all pro- 
bability produced by the bandling of Muscovado sugar, 
and the attacks of this insect. Dr. IIashall advises 
the use of refined sugar only. The Editor is able to 
state that, in I-ancashiro at least, purified or filtered 
sugars, of various shades of color, are everywhere to 
bo had, and they are as free from insects as the purest 
white kirnps. 

Sugar itself for domestic purposes is not now 
adulterated,^^ very rarely. There was a lime when 
sand was used to adulterate the brown qualities ; but 
such a practice would not now be tolerated for a 
moment. A very ingenious adulteration came into 
vogue for a while ; but the Editor believes it is not 
resorted to now. It was tlio custom of using ^^ta^(:h, 
or starch made into gum. ^Vhe^ tiiis is used in tea or 
coffee it is not readily distinguished from true sugar. 
If starch is employed it is readily found by dissolving 
the sugar in cold water, in which the starch is not 
soluble. If British gum he used it is less easily 
detected ; it has small granules, not haid and crys- 
talline like tlioso of sugar, and is soluble in cold 
water. It also becomes gummy in drying, instead of 
becoming sinipy, and tlien crystalline like sugar. This 
adulteration cannot be made with pure while sugars. 
A microsaope assisted by an ordinary good taste is 
perhaps the beat guide to its discovery. TJio most 
genera) use of sugar is for sweetening tea, cotfoc, and 
chocolate ; but it is also largely used in sweetening 
mixtures of sti oug drink, as well as in numberless | 


articles of cookciy. Its abundant introduction into 
Europe has changed the whole system of cooking 
and must have largely assisted in rendering food plea- 
sant in an age when the arte of peace have somewhat 
taken away the violence of appetite which is connected 
with rude times, and is satisfied more with quantity than 
quality. For the poof especially is this remarkably true. 

A LIST OF SOME OF THE LATER MORE INTEREST- 
ING AND CIIUIOIIS INVENTIONS RELATING TO BUGAR, 
WITH REMAIOCS 

1845. — James Johnston patents an ingenious plan 
of emptying a vacuum pan witliout destroying the 
vacuum by a pipe twenty-five feet long. lie also lias 
the sugar running down an inclined plane whilst in tlie 
vacuum. 

Fredrick (ivu prcsiics sugar into suitable forms 
for use. 

184G. — Kiciiakd AViiKiiiT patents exposure to 
liydraulic pressure and steam. 

1847. — James Johnston patents polygon shaped 
sugiir moulds, cast-iron crystallizing pots coated with 
tin, zinc, or enamel. The latter w^ould he good if the 
enamel did not break ofl' into the sugar. 

II. K. CLAYPOi.K.—Saviiig fuel w ith two generators 
like locomotive boilers, heated by a fire thiil first passes 
over three open boilers. A current of high pressure 
steam to make a draught. A hot iron tube heated by 
steam in the clarifying boiler. A canal in the teacho 
for running out sugar. Galvanizi'd iron coulcis. These 
arc for the Colonies. 

John Scokfern. — Combined use of lead and sul- 
phurous acid as separately described. 

1848. — J. A. Steinkamp patents the use of cotton 
in small pieces of onc-oighth to onc-fourlh of an inch for 
cleaving sugar. 

1849. — John Oxt.and patents acetate of alumina 
boiled with sugar at 220® till the acid is removed. 
The alumina remaining is removed by tannin and a little 
carbonalo of lime. 

Rej:ce and Fkioe patent hyposulphites with alu- 
mina or acctule, hyi*osulphIto of alumina, and various 
hyposuljihitcs and sulphides of magnesium to precipi- 
tate load. Also liyposulphites and sulpliuruus acid to 
remove the sulphido of hydrogen which has been used 
for removing lead. 'Ilie bicarbonate of lime for defeca- 
tion and many other things. 

A. V. Newton. — Bones dissolved in sulphurouri 
arid for completely extracting the crystallizablo sugar. 
Other nnliscptic’s, as mustaj'd, creosote, horseradisli, 
nitrous acid gas, with or without salts of iron or other 
salts. Tannin, lampblack saturated with creosote, pro- 
ducts of the distillation of certain albuminous matter, 
tars, wood essence of turpentine, aldehyde, and analo- 
gous bodies, clilur i i i e combi ned with oxygen . Separating 
ninety-flcvcn per cent, of pure sugar by baryta, and 
decomposing by carbonic acid or sul])hurou8. Oxide 
of strontium, it is said, requires a long time; oxide of 
lead does it imperfectly. The process gives fifty to sixty 
jmrtg of hydrate of baryta to one hundred of sugar. 
Still the Bugarate obtained contains fifty per oeut, 
sugar, twenty-two baryta, and twenty-eight water. It is 
decomposed by a solution of twenty-five quarts of water 
and twenty- eight pounds of sulphuric acid. It may bo 
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washed till . the solution has the strength of 23® to 31® 
Twaddell. If lime is used, twenty-eight per cent, is 
taken. The sugarato is filtered out in Tayloh’b 
filter, or in presses warmed to 300®; it contains five 
equivalents of base to one of saccharic acid. 

The baryta does not offer to bo cheaper than animal 
charcoal, and baryta, at least a soluble salt, is no 
less dangerous than lead, whilst it is not so easily 
detected. Beveral patents have been taken for remov- 
ing the baryta, but on this point, the last traces 
cxcoptod, no difficulty has been found. 

C. W. Finzell— Patent to introduce steam to clear 
the sieve of the centrifugal machine. 

1850. — John Scoffern makes a vulvo of clastic 
material over a perforated tube. 

George Glynne grinds Bng.ar witli litharge, and 
makes a saccharide of lead. 

Sugar is a very tender substance chemically. It is 
easily destroyed. It also readily dissolves many sub- 
stances. As little of any substance should be added as 
possible, and as little heat should be given and as little 
motion. 

D. T. BhicaRs makes loaf sugar at once on boiling 
down the juice; purifies sugar by alkaline liquids and 
sulphurous acid gas ; uses also lime and a West Indian 
plant called wassanui . . Puts a rouser in the vacuum 
pan for stirring ruimd. 

Herman Schroder — a combination of i evolving 
discs on pipes heated by steam to evaporate the sugar. 

1851. -11. and J. Oxland. — When acetate of lime 
is used, remove by siipcrphosphato of lime or lime. 
Aluminale of lime to defecate, or pliosjdiate of 
nlumiDa. 

R, A. Bkooman — Centrifugal apparatus in a vacuum 
pan; ccutrifugal drum for evaporation; centriftigal 
ap])aralii8 for cleaning charcoal. 

1852. — Henry Bessemer. — The claims in this 
patent being nineteen, arc too numerous to mention, 
and so complicated as to require an article for them- 
selves. It is believed that they rather tend to load a 
refinery with machinery. Invention will rather sim- 
plify the machines, or altogether dispense with some 
of them ; but there are good and ingenious tliongliLs 
amongst those of Mr. Bessemer worth studying, 
althougli not as yet found successful, 

R. A. Brooman. —E ndless bands for carrying the 
sugar to be cleansed. 

Robert Galloway.— Using plumbito of lime in- 
stead of lead. 

R. W, Lienier. — Patent for applying sulphurous 
add to the pulp of beet-root or cane before boiling 
it, adding excess of lime. Use of vessels of wood, 
slate, stone, glazed metal, or earthenware for boiling 
juice. 

William Miller. — For never allowing the sugar 
to como in contact with metals ; evaporating by sur- 
faces formed of clotb or textile fabric. 

Brooman.— Removing excess of lime by soap. 

Gerd Jacob Bensen.— Hot air passed through the 
sugar to dry it. Crystallized sugar placed in a vacuum 
p^n. Crystals thus got are mixed with a clear simp 
produced from refined sugar ; the mixture put into 
moulds and storedw 


In 1852 J. Brandeis took a patent to remoting 
lead from sugar by animal charcoaV^hUB bebg -able » 
to use lead to purify sugar. The E^tOrbelftvoS'tbat 
the destrnOtion of the animal clutrcoal soon follows. i 
The oxide of lead, on heating, melts in the pores^ This, I { 

dlthongh possible, would be verjr expoasivo. ^ | 

John Aspinall proposed lifting the sugar solution in 
thin layers on an endless band of wire gauze, exposing 
it to heated air, and drawing off tlie water. This has 
not been much used. Even thin layers of sugar may 
become (iovered with a pellicle not easily broken. 
Howard’s vacuum pan, by keeping up ebullition, 
allows no hard surface to prevent evaporation. This, 
however, may be the germ of something good not yet 
completed. 

James Hadden Young pi-esses sugar between two 
unyielding surfaces, one of them perforated ; he uses a 
vacuum. Tho bcel-root system is a similar one, but 
mechanical pressure is used, 

Henry Bessemer also proposed contact of warm air, 
raising the sugar in thin layers on screws or discs 
instead of on wire gauze, aa Aspinall. He pro- 
posed also in his patents to use wooden troughs for 
crystallizing, and to moisten tlie crystals with a deli- j 
quesceiit compound of sugar and chloride of sodium, or | 
with gelatine, glucose, or molasses. He adds, also, the 
use of hot water instead of jteam to heat sugar, and 
warm air below 212®, and tinned vacuum pans. Tin 
is too easily dissolved. What might bo moi’e useful 
than any of the above is tho enamelled vacuum pAn, 
if such large vessels could be covered witlfenamel. 

George Dixon hap a number of perpendicular tubes, 
in which is placed the sugar and heated by steam ; but ! 
there is a want of exposure for evaporation. Perpendi- 
cular tubes are found to heat tho sugar more equally. 

Ji’.AN Baptiste Motnier allows the sirup or liquid 
to fall over spheres, thus obtaining surface, and he 
allows it to descend from amongst the s^pkeresy and 
exposed to warm air. 

3 853. — William PiDDiNG patents hydrate of alumina, 
or silica, or a mixture incorporated with a fatty acid, 
and adds a little oxide of iron. He seem^to wish to 
include the impurities of the sugar in a kind of fatty 
salt or soap. This answers for some liquids, but the 
iron will not improve sugar. 

Frank Clark ILIills removes the lead from sugar . 
by filtering through sawdust, or by dissolving it out | 
with nitric or acetic acid. Animal charcoal much | i 

treated wiUi acid soon loses its texture. ! j 

Lord Howard de Walden cleanses crystals by hot ! j 

air and steam. This i.s, in fact, bleaching with the | | 

atmosphere. Air bleaches many substances, but the | j 

Editor has not heard if it has been found to act favor- i I | 

ably on sugar. , ' 

Conrad W. Finzell. — Defecation in vacuo. JTot : . 

yet proved to general satisfaction to be of any benefit. 1 * 

Manifold, Lowndes, and Jordan — ^Reducing the 1 
cane to sawdust, then dissolving the sugar out by | 

steam*. This does not seem the right direction, as | 

tho great loss is in reality in tlie juice ; it k not left 
in the cane. 

James Maoelston — Atmospheric pressure to remove 
crystals from sugar. This is in fact equal to a vaeuum* I 
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Bobbrt GaIiLOWAT— Komoving lead by tannic, gallic, 
and pectic acids, or tJie aoda and potassa compounds. 

John and J, E. A. Gais'YNne dry beet on an endless 
band, in one heated cylinder after another. 

John Thqhas Way— Soluble silica to remove the 
exc^ of lime in defecation; illtering through a bed of 
Surrey fiHica or sand. This would add another opera- 
tion, Ofi it is supposed it would still require to bo passed 
throng^ the bag filters. 

Edward Beans puts the beating tubes into bis 
vacuum pans vertically, and fillers through a false 
.bottom covered with sand, powdered flint, or road 
sweepings. 

1654.— Charles H. Collette proposed to defecate 
with lime and superphosphate of lime. 

I Joseph Boue evaporates by a soiies of hollow 

vessels revolving in simp and intomally heated by 
. steam ; very much used, especially in the Colonics. 

I James Weight makes a centrifugal machine, where 

the outer case revolves with the inner, and a partial 
vacuum is formed to help the drainage of the liquid 
without the air-pump. * 

I JOSEPH Nash adds an air-pump to his charcoal 
; filters ; fills the centrifugal machine without stop])ir)g. 
I W. A. Archibald consoJidatos sugar by exposing 

I to cold air and agitation. 

D. T. Shears — Anothflc- plan for filling and emptying 
t the centrifiigal machine witliout stopping. 

' I Pierre Andb:^ Decoster has a patent for cutting 
j I up the canes ; he then presses and mashes by centri- 

! I fugal power. 

! i L, Wray wished to take a patent for making sugar 
j 1 from Helena $accharatU9y called imphee on the coai5t of 
* } Africa. Refused. 

I 1855.— R. A. Bbooman. — A filter of cotton or other 

j fibre between two perforated plates or frames, 
j James Steele says that the pin at the apex of the 
sugar mould is now inserted to make an outlet for the 
I drainage. He inserts it at iirst, and draws it out when 
! it is desired. A cavity is tlms left which assists in drain- 
I age. By the insertion of a pin too large a hole is made. 

! , There ate many patents for the mode of cutting nj) 

I I sugar into lumps. 


John Aspinall drives the sugar in at tbd apex of 
the cone, burning it out at the top. 

€. W. Finzell’s patent for the use of Needham 
tmd Kite’s apparatus in the filtering of sugar. It is 
the combination of grooved plates or planks, with filter- 
ing cloth, which is laid between two. [ j j 

Alexander W. Anderson precipitates sulphate of 
copper tin, and obtains 8ul{)lfate of tin for sugar 
refining ; then precipitates tin by lime. Removes tin 
from tlm sugar at last by animal charcoal. 

Garton and Parsons. — To treat sugar for dis- 
tilling they add sulphuric acid, and keep tlie liquid at 
140® for five days, then remove by linnj?. 

Statistics op the United Kingdom.— T he fol- 
lowing, from jMcssrs. Reid’s chciilar, of LnT.rpoo), with 
alterations, will give some interesting details relating 
to thi‘ United ICingdom : — 

Sugar being an article (i luxury ratlier tlwm a 
necessary of life, tlie extent of its consumption is 
affected by the condition of the people as well as by 
market value, and any increase from the first of theso 
causes is a satisfactory indication of prosperity. 
Reverting to the early years of tlio present century, 
one finds that a long continuation of high prices in 
addition to periodical [jrivations among the laboring 
classes gradually reduced the average consumption in 
the United Kingdom from twenty- two pounds per head 
in IBOl to sixteen pounds in 1844. A combination 
of favorable circumstances then arose to cause a 
reaction; the duties were greatly reduced; production 
increased; prices ruled low; and an enormous iiitinx 
of gold commenced pouring into the countiy, thereby 
so largely adding to the moans ot procuring extra 
comfoila and luxuries, that the average consumption 
per head more Ilian doubled during the last iiftcen 
years. 

Consumption and Imports. — The following sta- 
tistical table, made up as far a.s possible from official 
returns, will more particularly show ilio changes which 
have taken place. Tho figures for the present year are 
only approximate, as tho return had not been made out 
when the tobies were calculated. The prices and duties 
quoted anj for W est Imliaii Muscovado ; *— 
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ropulnlioii 

' ronhuntptlon of Sugnr. 

I'rlce* anil Ilulca of lUitiy. 

OlltloM pAld 

r«w h«aiI 

Ywn. 

ot 

Uultod Biii^duiu 

ToUl ToiiB 


Oil K)' tin 
Avolak^ Pilco. 

UAtoof Duty 

'i'olnl per Curt. 

>11 >11 

nuM’llplloUA 

1801,. 

..18,871,5.54.. 

. ..159,916. 

..22 

. . ftOH. 5(1. 

. . 20s. Od. . 

..79s. .5(1... 

.£3,066,163.. . 

. ..3«. 9d, 

1811.. 

.,18;548,470.. 

. ..187,092 

. .23 

. . 30s. 8cl. . . 

. 27s. Od. . 

. . (iOsi, 8d. . . 

. 4,652,824... 


imi.. 

..21,302,392.. 

. ..170,012. 

. ..18 

. . 33?. 2(1. , . 

. . . 27s. Od. . 

..COs. 2d... 

. 4,188,997.,. 
. 4,650,600... 

. ..da. lid. 

1831.. 

..24,319,811.. 

. ..203,812 

19 

.,23rf. 8(1... 

, . 24s. Od. . 

..‘17s. 8d... 

. . . 38. lOd, 

1841.. 

..27,021,949.. 

. ..202,899. 

. ..17 

..39s. 8d... 

. ..25s. 2(1.. 

..(Us. Id. . 

. .5,114,390... 

. ..3s. 9d. 

1851.. 

...27,721,921.. 

.. ..328,581. 

26 

. ..25t;. Ccl... 

j 13s. 3d.. 
Od.. 

. , .38s, 9(1. ( 
..37s. Od./ 

. 3,979,141... 

. ..2s. 10(1. 

1850.. 

, ..30,00d,000.. 

..450,000. 

33 

..27a. Od.... 

, ..12s. 8d.. 

8d... . 

. 6,000,000... 

...48. Od. 


IMPOllTS INTO TUB UNITBO KINCOOM FROM 1841 UP TO THE END OF 1859 . 


I 

i 

! 

t 


Sugar Haw— ‘ 

1841. 

1842. 

1843. 

1844. 

1645. 

1846. 

CW(i 

4,057,617 

261 

Cwt*. 

3,868,334 

103 

Owt«. 

4,028,231 

70 

4,129,345 

98 

Cwti. 

4,77 0,317 
77,807 

Cvrt*. 

4,617,509 

602,739 

Of or from fomgn countries 

Total of raw sugar 

Sugar rof ned and stigar candy 

4,057,878 

i 3,808,437 

4,028,307 

4,129,443 J 

4,856,624 

5,280,!t48 

22 

r t ' ' ' 

37 

19 ' 

6 

56 

18,406 
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iitroKTS INTO TUS imiTBB Kis«r>oM rnoM 1841 cv to thk knb os 18i9— '• 

1847. J848'. 1849,' 18,W. IMl. . I ' 181(1 


Sii^r raw-— ®'*^**’ I i 

Of or froto Britieh i)DWC,»moft8 4,805,489 4.921^832 5,409,209 5,183,001^ 4,854,500 C,216,s4l 

Ofof fVom foreign countries 974^019 1,220,904 4%, 478 908,396 1,379,041 682,620 

Total of raw sugar 5,779,508 0,142,296 6,905,087 0,091,492 0,233,547 0,898,807 

Sugar refinea ana trngar canOy 26,130 46,191 75,137 116,335 338,079 273,991 



1853. 

1854. 

1855. 

1856. 

1857. 

1858. 

1859, 

Sugar raw — ^ 

Of or from Bmish ponsBSpions 

Of or from foreign couutriua 

Cwt» 

.5,740,854 

1,531,979 

Cwte 

f),. 589.467 
2,439,291 

C'WtB 

4,934,343 
2,319, #9 

OvvU 

5,605,363 

2,005,877 

Owta. 

5,325,975 

3,004,721 

CwtR 

5, 323, .580 
3,775,300 

Cwtt 

5,458,380 

3,552,420 

Total of raw sugar 

7,272,833 

8,028,758 

7,254,222 

7,761,340 

8,390,696 

9,098,880 

9,010,800 

Sugar refined and sugar candy 

214,750 

303,649 

287, .520 

187,211 

329,122 

262,460 

386,820 


UNITED STATES. 

CONi<UMPnON OF FPREION ^ND OOMKBTIC CANE-SUOAR, FOR 
THE TEAH ERlllNG BlST DKPWMBEIt IN TUNH. 


Year. 

Fomlffn 

DomeallA. 

Total. 

1859 . 

. 2.39,034 . 

. 192,150 . 

. 431,184 

1858 . 

. 244,758 . 

. 143,634 . 

. 388,492 

1857 . 

. 241,705 . 

. 39,000 . 

. 280,705 

1850 . 

. 255,292 . 

. 123,468 . 

. 378,760 

1855 . 

. 192,004 . 

. 185,148 . 

. .377,752 

1854 . 

. 150,854 . 

. 234,444 . 

. 385,298 

1853 . 

. 200,010 . 

, 172,379 . 

, 372,989 

1852 . 

. 196,558 . 

. 118,059 . 

, 315,217 

1851 . 

. 181,047 . 

. 107.438 . 

. 288,485 

1850 . 

. 143,045 . 

. 126,421 . 

. 209,466 


Oregon mid California not included. 


PRODUCTION OP CANR AND MAPDR SUGAR IN THE 
UNITED BTATE8 FOR 1850. 


Cmip-wip.ir 
ill ho^huiKts. 


Maine, 

Missouri, 

Maryland. 

Alabama, 

Now Hampshiro, — 

Vermont, 

MaKsachiiset U, 

( lonnerticnt, 

New York, 

New Jersey 

Pennsylvania, 

Virginia, 

North Carolina, 

South Carolina, . . . . 

Coorgia, 

Florida, 

Mississippi, 

Texas, 

Arkansas, 

Tennessee, 

Ohio, 

Michigan, 

Indiain^ 

Illinois, 

Iowa, • 

LouiMiBim, 

Kentucky, 

Wisconsin,, 

Minnesota, 


in )}ounilB 


1.292,429 

5,149,041 

708,598 

37,781 

10,310,764 

5,886 

3,178,373 

1,223,905 

27,448 

200 

50 


8,825 

159,888 

4,521,643 

2,423,897 

2,921,638 

246,078 

31,040 


33,677,061 


This Ims.TTinch increased. Louisiana produced in 
1S68 three hundred and aixty-two tliousand two hun- 
dred and ninety-six hogsheads/ at sixty-nine shillings 
per hog^oad, and vajue of twenty- four millions, nine 


hundred and ninety-eight thousand, four hundred and 
twenty-four dollars. A hogshead is half a ton. Total 
Maple sugar produced in 1869 is believed to be twenty- 
seven thousand tons, or sixty millions four Imndred 
and eiglity thousand jKuinds, 

The annexed extracts from the commercial review 
of Messrs. De Coninck, Brothers, and Company, fur- 
nish some interesliiig particijlars of the statistical posi- 
tion of sugar in France. 

The importation of foreign sugar into that country 
rose in 1869 to eighty-two thousand tons against forty- 
five thousand tons in 1858, and sixty-five thousand 
tons in 1857. 

From the Colonies, France received last year five 
tliousand tons more than in 1858; while the manu- 
facture of indigenous or beet-root sugar produced in 
the season 1858-9, w’as one hundred and thirty-two 
thousand tons, being twelve thousand tons in excess of 
the first estimates. During the last six yearn, the 
(jiiantities received by'' France from her Colonies w^ere 
as follows : — 

113.000 tons in 1859 95,400 tons in 1856 

108.000 tons in 1 658 89,000 tons in 1855 

92,100 tons in 1857 82,000 Ions in 1854 

99,500 tons in 1 847. 

The sources of those supplies are subjoined : — 

QUANTITJKB STATED IN IONS OF 1000 KirX>nRAl1Mi:N. 



Giiadaloupft 

Jb^arUnique. 

Reunion. 

Cfi} omte, dm 

Total. 

1859 

. 24,400 . 

. 27,900 . 

58,600 

.. 4100 .. 

113,000 

1 8.'>8 

. 29,500 . 

. 27,400 . 

52,000 

. . — . . 

108,000 

1857 

. 18,500 . 

22,300 . 

61,000 

.. 300 

92,100 

1850 

. 21,000 . 

. 20,600 . 

, 57,000 

.. 200 

95,400 

1855 

. 21,000 . 

. 18,500 . 

49,900 

.. 600 .. 

89,000 

1854 

. 22,001 . 

. 24,300 . 

35,700 

.. — .. 

82,000 


Sugar— Tiidigcnona. 

»' From French Coli'niut?. 


, ' Tonn, 

..,120,000 
95,000 
... 60,000 


Total 275,000 

Dodtict export of rdined sugar 52,000 

Remains for consumption in Franco. . ,223,000 


The consumption of sugar in France in 1859 is Uius 
estimated : — 


sui^rauR, 


The sbasoa of 1658-59 pi-oduced of indigenous I 


^ 13S,C00 toiiB against 160,000 . 


.1857-58 

.1850-57 

.1855-60 


It is not thought that the quantity produced in 
the season 1859-GO will exceed that of tlie preced* 
ing one, one hundred and thirty-two tliou- 

sand tons. 


BOtLYI^SinX CUSTOMS REOEiPTB ANNUALLY 
1857, nOTIt INCIiUSlVH. 


Total pofalatinn 
of fhrt ht**!!'* of till* 
ZoUvoroin. 


23,478,120 

23,478,120 

25,150,210 

25,150,808 

25.048.970 

26.048.970 
26,048,091 
27,142,116 
27,578,730 
27,623,815 
28,493,136 
28,199,566 
28,508,436 
29,461,381 
29,460,764 
29,461,628 
29,800,063 
29,800,063 
29,800,063 
30,402,792 
32,559,173 
32,559,164 
32,721,311 
32,940,780 


Omm ,r«oc1)iU tii 
OA^tmnt of •jtfjT'wi, 
iiu|M»irt, aud tviiUsU 
ilutteii. 

14,815.723 
16,880,180 
18,402,873 
17,997,205 
20,419,287 
20,869,488 
21,606,191 
22,255,201 
23.653.209 
25,720,761 
26,778,300 
27,721,436 
20,569,214 
27,552,996 
22,699,299 
- 23,649,730 
22,948,809 
23,250,058 
24.649,721 
22,016.154 
23,157;407 
26.323,372 
26,156,450 
26,595,788 


21 11 

20, 6 


The duty Is now seven and a half grosehen for one 
hundred pounds, and brings nearly three shillings per 
head. 


AMOUNT OF HAW HUET-ROOT USED rOR THE PROnUCTIOK OF 
SUUAR, AND AMOUNT OF DUTY RECElY«n IN THE STATES 
OF THE SBOLLVKREIN, 


FROM 1834 TO 

Avcraii^t Kam \wt 
of thti po. 
Avrivod 
fmdKttoilitnni duk;«, 
rt Stimc, tax on 
beot-root. 
Ow>»fitmn, rf 

18 11 

21 7 

22 0 

21 6 

23 6 

24 0 

24 U 

21 7 

25 9 

27 11 


1842 to 1847 
1847 to 1853 
3853 to 3856 

1856 to 1857 

1857 to 1858 


Amount of beet-rMt 
uvod for BUjgor. 
OM't. 

. 4,322,712 ». 

. 13.998,570 . 

. 19,832,679 . 

. 27,551,207 . 

. 28,915,133 . 


VroiUioo of the Ins 
Inrlt-doL 

232,091 
. 1,156,744 

. 3,966,536 

. 5,312,856 

. 6,783,033 


CONSmtPTJOK OF HEET ROOT SUOAH IN THE STATES OF THE 
ZOLLVKJtElN. 


18tf4 to 1846 
1847 to 1849 
1850 to 1852 
1853 to 1855 


OonBumptlon nf 
oulunial 
ZoHveroUi r.\vt. 

1,278,421 , 

1,154,005 . 

739,958 , 

654,380 


ron&umptlnn of 
txN't 


264,283 

640,050 

3,219,718 

1,487,452 


Total ftoAtump. 
lion of iiiKar 
ZoUrovela ewi 

1,542,704 

1,800.655 

1,959,676 

2,143,838 


In 185G-57 tliore Avere two hundred and tliji'ty-thrco 
inaimfacturers of bcet-root sugar in tlie ZoUverein. In 
1839-40, four and four-fifths pounds per head was con- 
sumed; in 18v53-55 there were ei.x and a quarter 
pounds consumed. 

The sliipmcntH of boet-root sugar, according to 
Barucitson and Company of Douai, to Great Britain, 
wore little more in 1858-59 than half those of the pre- 
ceding season, owing to the prices in England being at 
several periods below those of France. They consist 
as folio ws:-- 


PUOM IST NOVEMBER, 1858, TO 31ST OCTOBER, 1859, 

To Livorpool nbont 3218 

To the Clyrlo ** 2240 “ 

To boiidon “ ]|C14 “ 

3^0 Wrt.t of liln|jlttnd “ 1234 “ 

To Hull » 37 


A good deal of this was re-exported, as it could not compete will* Coiouinl. 


PRICES CURRENT. 


Low brown, equal to No. 7 to 8 Putfh staiulard— very sciirce 21s Od to 22s Cd 

Light brown, oquid to No. 10 to 10^ Thitrh sUndard 23s 6d to 21s Od 

Grey and yellow, equal to No. 12 Hutch Htandard '2,5a Od to 25s 6d 

Ter cvvt., cost, freight and insurance to cover average. 


In Russia the consumption has nearly doubled within 
a few years; but even now it is only two pounds per 
head. 

Dr. Angus Smith of Manchester kindly rendered 
his valuable aid during the progress of this article, and 
for which the Editor is indebted to him. 

StrLPHTTB — soufre^ French ; ^chwefdy Geiman— is 
one of the elements of modern chemists, and was a still 
more important one in the theory of the alfchemiBts. 

OccuBUENCE. — It is found in nature, both in a free 
state and in combination with metiils, as sulphides 
and sulphates, In the free state it occurs in volcanic 
regions, large ’quantities being imported to this country 
from Sicily. The native sulphur occurs both amorphous 
and cryatalfizcd. In the latter state it usually occurs in 
right rhombic qctohedra, although it does not assume 
this shape under all conditions ; it crystallizes in many 


forms, almost as varied as the methods of procuring the 
body in the crystallized state. Native sulphur is far 
from being pure, containing a considerable quantity of 
adhering Soil and other matter, from which it is purified 
by different rnothods dependent on the purposes to 
which it is to be applied. Large quantities of sulphur 
exist ill combination with metals as Bulpludcs; of 
these may bo mentioned the sulphides of copper, lead, 
iron, and zinc ; these bodies, in fact, forming the ordi- 
nary ores or minerals oL these metals, from which 
the Buliibur has to be burm off before the metal itself 
can bo obtained. Sulphur occurs also in nature in 
saline combinations as sulphates of the alkalies and 
earths ; for instance, Hie sulphate of soda and potassa, 
which are comparatively fere, and the sulphates of 
baryta and lime, which occur in immense quantities. 

Properties. — S ulphur is a pale yellow, uoUd, very 



SULPHUR PUKIFICATIOW, 


biittley becoming negativ^y eleetrioal by beat or fric- 
tion ; it was at one time^ in tm earlier period of electrical 
luslor}% nsed^ when formed into globes and mounted as 
glass c^dinders and plates ai« at the present day, as a 
source of cleotricity. Its specific gravity is variously 
slated, but most writers agree in considering it as 1-98— 
probably its density is dependent on the degree or stage 
of heat to which it has been carried while in a fused 
state. It is perfectly inodorous unless when rubbed, when 
‘ a peculiar stnell is dovolopod. This was once supposed 
to arise from a hydrogen compound formed by friction; 
it is DOW ascribed rather to the production of ozone. 
Owing to its brittleness, as well os from conducting 
heat badly, it soOn splits into innumerable cracks when 
held in the warm hand ; by inclosing a stick of cast sul- 
phur in the hand, and holding it close to the ear, this is 
easily detected, a continued series of very slight crack- 
lings are heard similar to the cracklings of an electric 
machine when in work, only much fainter, Siilphgr, 

I though perfectly insoluble in water, is soluble in a 
; j variety of liquids, most of which are capable of dis- 
i ! solving a greater quantity of the body when hot 
than they are when cold, in consequence of which 
they, on cooling, deposit this excess in the shape of 
i crystals. Oil of turpentine is capable of dissolving a 
j considerable quantity. J 41 fact, it has been proposed to 
I tnke advantage of this property in the analysis of guii- 
! i»owder ; for by heating this body with turpentine in a 
I warm state, having previously dissolved out the nitrate 
i of polassa with water, wo can dissolve out the sulphur, 
leaving the charcoal, which is not soluble in this men- 
struum, behind. Bisulphide of carbon will also dis- 
solve a considerable quantity of sulphur, which can be 
again obtained in crystals by allowing the solvent to 
evaporate gi'adually. Fat oils arc also capable of dis- 
solving it. A compound called oleum sulphuratum, 
or balsam of sulphur, once figured in the Pharmacopaua 
of the London College, though now omitted. This 
was formed by dissolving sulphur in olive oil, employing 
i a tolerably high temperature to eflect the combination. 
Ether, petroleum, and fused paraflinc, may be men- 
tioned as solvents of sulphur. 

Pure Bul})hur exhibits some curious phenomena in 
connection with heat. Although perfectly solid at the 
ordinary temperature, it fuses at a heat little more than 
' that of boiling water, and at a higher heat passes 
through various physical changes ; and finally, on raising 
the temperature still higher, it volatilizes completely, 

I without leaving anything behind. The following experi- 
ment is interesting, as displaying some of tlie peculiari- 
ties of this body : — Procure a small saucepan, and 
partly fill it with fragments of sulphur ; place this over 
a gentle fire, having first put on the lid ; after a while 
it will fuse. This takes place at a temperature of about 
228®, forming a thin brownish-yellow transparent liquid. 
On heating still higher a veiy percei)tible change takes 
place; the sulphur, instead^ of remaining in tlio very 
liquid state, b^omes of a thick consisteuco, so much so 
that the vessel containing it may be completely inverted 
without fear of loss. This occurs at a tcmperatuivj 
of between 420® and 482^ At a still higher degree 
tlie action is reversed, the melted sulphur bocotnes 
tbitmer and thinner until it reaches the boiling point, 


wlien it begins to pass off as vapor. Other pWim^ 
mena may be noticed by interrupting th^ eaperfnmht 
at various stages; for instance, if it be wished to obtain 
crystals of sulphur, it is only necessary to talee ibo 
sulphur while^in the firs^ liquid stage, to pour t^iis into; 
a basin or other vessel with sloping sides, and there 
allow it to stand. In a few minutes after the top 
portion has solidified and formed a crust, break two 
holes through this crust at opposite sides of the v'essel. 
If the basin be now inverted partially, Hie 8 nl|)hur, 
which still remains in the liquid state in the interior, 
will run out of one hole while air rashes through 
the other. Let the vessel stand until cold, carefully 
detach the solidified mass from the containing vessel, and 
by moans of a saw divide it into two halves. These will 
be foimd to be full of beautiful crystals of sulphur. It 
is possible that the first eAperimeut may not be very 
successful, but a few trials will enable tlio opetatoi' to 
procure a mass of cr}^$taki, radiating into, and inter- 
lacing each other in every direction &om the external 
crust. If the sulphur, Immediately after passing, or 
perhaps better, wldlo scarcely through the ildok stage, 
bo poured into water, it does not solidify and assume 
the ordinary yellow brittle appearance which it would 
do wore it so treated while in tlio first liquid state; 
instead of doing so it remains in this plastic condition 
even when cold, bearing a stronger resemblance to 
caoutcliouc tlian sulphur. In this state it is perfectly 
elastic, may be pulled out to a considerable length 
without breaking, and, in fact, docs not in the remotest 
degree resemble sulphur. But for its color, it might be 
mistaken for wheat gluten, possessing the same soft 
elasticity as that body. It wiU remain in this state for 
some time, not resuming its ordinary aspect until after 
the lapse of some days, 

ruiiiFiCATiON. — Sulphur occurs in oommei'ce in 
several states of purity, the native sulphur being the 
most impure. In order that it may be more fit for the 
several uses to which it is applied, it is partially purified 
from the gro.ssor extraneous matter, such as gravel, sand, 
et cetfTa. This is done, according to some authors, by 
throwing a quantity of tlio crude native sulpliur into a 
suitable iron vessel or pan, and heating this pan until 
fusion lakes place. The sulphur when fused, of course, 
occupies much less space thou it did in the heap, so the 
operator keeps filling up the pan until it is full of the 
fused sulphur. A high heat is not advantageous. This 
may bo inferred from what has been said before respect- 
ing the changes which take place during the fusion of 
suli>hur at different tempei-atures. For the purpose of 
purification tlie lowest heat consistent witli perfect fusion 
is the one to be employed. The liquid sulphur is tl'ms 
in its thinnest state, easily allowing the heavy particles 
with which it was coniaminated to fall to the bottom 
of the pan, while any light particles rise to riie top, and 
are skimmed off. When some time has elapsed, and 
the operator considers Uiat sufficient subsidence has 
taken place, he proceeds to remove the upper stratum 
of tolerably pure sulphur, running it intp moulds, from 
which it is removed as solid blocks of sulphur. Tbai 
the method is not perfect is easily ascertained by buru^ 
ing a piece of ordiuaty commercial sulphur in ^porco* 
lain capsule. A quantity of light dt^ wifi remain, 
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ooaftititing tp a large extent of sulphate of lime ; yet, 
though the putification is not absolute, it produces an 
arttdo pure enough to be employed for aJmost every 
purpose required in the arts. In order to procure 
an almost absohtb^y pure article, such '’as is neces- 
sswy for medical and a variety of other purposes, 
distiHation, or rather sublimatiou, must be had re- 
course to. Sulphur, as has been before stated, 
is peifeotiy volatile; a ready method therefore exists of 
aeparating it &om all bodies which are not so. It is said 
that the following apparatus— J'ig. 587— is employed to 
effect this, a a, are two earthenware or fire-clay jars, 
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Rtandiug Oil a raised support of bricks. The mouths of 
these jars protrude slightly over the top of the furnace. 
TJiis is for the purpose of readily enabling the operator 
to fill in the charge, and tp remove the earthy rosidiium. 
A hollow lube or arm projects laterally and slightly 
downwards from each of the pots or retorts, which arm 
is thrust into another pot or vessel to receive the sub- 
limed sulphur which condenses into it. When the 
subliming pot has received its charge, the lid is luted 
} on and the furnace lighted. As they become heated, 

I the various changes of fusion take place up to the last, 

1 when sublimation begins. The vapor then passcR 
j over into the condensing jar, and becomes solid. All 
I the extraneous matter is left in the subliming pot, 

I from whence it is removed prior to the introduction of 
I another charge. This apparatus, 

could certainly furnish only a small quantity of sul- 
j)hur. It is hardly possible to imagine a large gun- 
powder work usin^ such an apparatus. 

In 1 81 5 a manufacturer named Michel, of Marseilles, 
j devifsed an apparatus which, with some slight modifica- 
j tion, is used up to the present day. The drawing — Fig. 

I 668— represents it, and whieh, like the one previously 

described, contains a retort wherein the sulphur is con- 
verted into vapor, and a condensing chamber in which 
this 18 reconverted into solid sulphm*. Tho apparatus, 
as in the drawing, consists, first, of a retort, c, beneath 
which is a furnace, a ; this retort infilled with liquid sul- 
phur from the reservoir, b, wherein the crude sulphur is 
melted by the waste heat of tlie furnace to facilitate 
its introduction to the retorts. When the retort has 
become sufficiently hot Uie sulphur begins to pass as 
vapor through the tube or opening, D, into the con- 
densing diamber, B. This chamber is built entirely of 
brick, with a well-oemented brick floor ; on its upper 
port a smcdl chimney is erected; this chimney contains 
a sort of wooden valve or door, capable of oponing out- 
wards, to allow the expanded air to escape, and in case 
of explosion to illow the gases produced immediate 
exit. This apparatus when coH. allows solid sulphur 


to form at once in the diape of the ordinary commercial 
flower$ of sulphur ; the vapors immediately on coming 
into contact with the cold chambers are chilled, and 
ihH a$ a minutely divided solid. These flowers, as they 
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ure CQlltjd, arc removed before the chamber gets hot, j 
which is the case after a few days’ working, the whole 
of tho heat which tho sulphur had taken up, in order 
to become vapor, being given out to tho walls; they 
thus acquire so high a tem[)ei‘ature as to fuse sulpliur, 
therefore it can no longer become solid in contact with 
them, but condenses on their surface in a liquid form, 
and runs to the bottom, where it collects. \Vhcii the 1 
operator is satisfied that sufficient has distilled over, ho I 
proceeds to remove it ; (bis ho docs by means of tho I 
plug apparatus, figured at f, whicii is simply an iron 
plug with a tolerably long shank or handle, as is shown 
in tho drawing ; by pushing this plug inwards he opens 
the passage for the flow of tlio liquid sulphur, which 
runs into suitable moulds, to form tlie stick or roU 
sulphur of commerce. The residue is raked out of tlie 
retort, which is immediately charged again by remov- 
ing the plug which closes the tube or passage between 
tho vessel, B, and the retort. An apparatus better 
calculated for the purpose than the above, is figured in 
Payen’s Precis de Chemicy in which two retorts ore 
attached to one condensing chamber ; these retorts are 
cylindrical, and resemble to a certain extent ordinary 
gas retorts. A portion of the door which closes tho 
outer end of the retort is movable, to enable tho opera- 
tor to rake out the debris left after dist^lation, the 
otlier end ot the retort rises like a swan’s neck before 
opening into the condensing chamber. Over these 
openings or orifices within the chamber hangs a damper 
or register in such a manner that it can, ftom the 
outside, bo placed over them, thus cutting off all 
communication between the retmt and tlie chamber. 
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A fusing Y^ssol hc^tod l^y the wafite heat is attached, 
as in the drawing just ^veiu This descrlptioii of 
apparatus has the advsihtage> that by its means the 
operation can bo rendered continuous. For instance, 
let one retort be called A, the other B ; suppose retort, a, 

' charged at a certain hour, and retort, B, charge^l some 
two hours later, it is certain tliat were they charged with 
an equal weight of raw material, the retort. A, would be 
ready for recharging two hours before retort, B. Sup- 
posing this to be the case, the damper or sliding plate 
is allowed to fall over the opening of retort, A, thus 
closing the passage between it and the condenser, and 
preventing the rusliing back of any sulphur vapor. The 
cover is removed from tire front opening, the impure 
residue raked out, after which it is again closed, tJio 
oritranco into the condensing chamber is again opened, 
a charge of sulphur is nm in from the fusing vessel, 
and the distillation again commences. During the 
whole of these operations retort, B, has been uninter- 
ruptedly at work ; but eventually tlie same operations 
liave to be performed in connection with it as have 
been detailed with respect to retort, a. Thus between 
the two a constiint stream of sulpliur vapor is being 
I perpetually driven into the condensing chamber, the 
work going on almost without interi’uptioii, as tlie retorts 
never w^ant charging simultaneously. 

Sulphur tlius produced is almost jnire. It is true 
that the sublimed sulphur in powder — that is, tlie 
flowers of sulphur — conhiins a small quantity of sul- 
phurous acid, which for some purposes it is necessary 
to remove by washing with water, but this is pretty 
nearly the only body it is coutaminatod with; the roll 
•sulphur is free from sulphurous acid. 

Sulphur occurs in conjrfierce in another form intended 
expressly for medical use. When in this shape it is 
called milk of sulpliur, and consists of sulphur in a very 
minute state of division. It is obtained in this state by 
dissolving ordinary roil sulphur bruised, or the flowers, 
in any caustic alkali, either soda, potassa, or lime ; 
the hitter used as being cheaper, and furnishing, as 
will he explained hereafter, a convenient adulterant. 
Sulphur does not dissolve in tho alkaline solutions in 
the same manner that it does in turpentine, or any of 
Die before-mentioned solvents. When boiled witli an 
alkali a series of chemical compounds or sdts are 
formed ; in spiritous liquids it is a case of simple solu- 
tion, exactly the same as dissolving sugar or salt in 
water, whereas in tlie other, a series of deflnite chemical 
phenomena takes place. If to a boiling solution of 
caustic potassa there is added as much sulphur as it 
will possibly take up, a liejuid will be obtained con- 
taining sulphide of potassium, and hyposulphite of 
potassa, according to the following equation : — 

8 (KO) -f 4 8 is: 2 (IvS) 4- KO, Sa Oj. 

In the first instance, wliilo diero is an excess of alkali, 
i I and little sulphur taken up, there is formed only sulphide 
of the olkaftie metal and sulphite of tho alkali; but this 
sulphite, by being boiled with an excess of sulphur, takes 
up another equivalent of it, being itself converted into 
hyposulphite. The clear liquid obtained in this way 
must be flltared or poured off the sediment, and 
excess of sulphtir, and either sulpliuric or hydrochloiic 
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acid added imtil the liquid reddens litmus paper, vfben 
the dissolved sulphur is again precipl^ted In m ex* 
ceedingly flue state of division. is ^^d, 

drained, and dried at a gentle heat* It romaSns 
examine tbe^’eaction by which Hie sulphur is again 
obtained. To do this, it will be well first to notice 
what idle effect would be of adding acid to eepamte 
solutions of the tyro salts which form the mixture. If 
a solution of sulphide of potassium be taken, and an acid 
be added, a copious evolution of sulphide of hydrogen 
ensues, and there is obtained very little, if any, preci- 
pitated sulphur. Again, if acid is poured into a solution 
of hyposulphite of potassa, only a little sulphur will be 
separated. Hyposulphurous acid consists of sulphurous 
acid plus one equivalent of sulphur. Now hyi)OBul- 
phuTQus acid can only e^i in combination ; when set 
free it is instantly decomposed into sulphurous acid 
and sulphur — 0 ^ = SQa 4 * S. This is the Case on 
adding an acid to h3'p08ulpluteB. In the first place, 

Hie alkali is detached from its combination, and this ' 
hyposulphurous acid being set froO gradually resoh'es 
itself into sulphurous acid and sulphur. 

It is well known that when sulphide of hydrogen 
and sulphurous acid are brought into contact with each 
other a decomposition ensues, water and sulphur being 
tho result, as shown in tho following equation: — 

BOa + 2 SH = 3;S 4 2 HO. 

Thus is explained the reproduction of tho whole 
ot the sulphur employed. Hyposulphurous acid and 
hydrosulphuric acid, or sulphide of hydrogen, are set 
free in the first instance ; Hie hyposulphurous acid 
splits into sulphur and sulphurous acid, the latter 
immediately reacts upon the sulphide of hydrogen, pro- 
ducing together sulphur and water. This reaction is 
not very complete, although it is nearly so— the more 
correct reaction is given under Pmtathionic Acid, 

In Hoyle’s Materia Mcdica it is recommended, in 
order to obtain ‘milk of sulphur, to boil one part of , 
sublimed sulphur with two parts ol slaked lime and 
sufficient winter, and to add hydrochloric acid to Hie 
clear liquid obtained. 

Lime is almost invariably used by the manufac- 
turers as a solvent, hut they are guilty of substituting 
sulphuric acid for hydrochloric as a precipitant. By 
BO doing, instead of forming the soluble chloride of cal- 
cium, wbich is easily removed by washing, they form 
the very insoluble sulphate of lime which, mixed 
with the sulphur, forms the article commonly sold by 
druggists as milk of sulphur, aud Hius what should be 
pure sulphur is contaminated by this worse than use- 
less sulpliate of lime, often to the extent of more than 
fi(ty per cent. In one sample obtained from' a druggist, 
add which was stated to bo pure, fifty-six per cent, of 
sulphate of lime was found. It is useless to argue 
that- such a sophistication is harmless; for, although 
not positively poisonous the introduction into the 
stomach aud bowels of a quantity of this insoluble 
matter cannot but be productive of harm. Sulphur 
is used in medicine as a mild puigative, and in some 
skin diseases. The stores of sulphur which this country 
possesses, in one form or another, has not be<^ over- 
looked by practical soientifio men, 
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Extractio^j 6f ScTLT^flim IPROM ITS Ores,— T he 
rmnaense quantities of so^phur etdred up in the shape of 
sulphate of lime and baryta, as well as the sulphides of 
iron, zinc, lead, and copper, is almost beyond calculation. 
There is goad reason to suppose that at some future time 
the sulphur combined with those metals^ and which at 
the present time is separated from them only to be 
thrown kito tlie air, will be recovered in a tangible solid 
form, at a price low enough to compete With foreign 
lulphuT. The attempts to do this already have been 
numerous. In many parts of the country iron pyrites 
i(p plentiful, and this mineral appeal's to have been a 
favorite material with inventors. It is a mixture of 
bisulphide And profcosulphide of iron. The second 
equivalent of sulphur of the bisulphide is held rather 
loosely, so much so Hiat %> ted heat, continued for 
some time, will drive it off, leaving one equivalent of 
iron combined with one of sulphur, forming the proto- 
sulphide. Hero, it would appear, a -process for obtain- 
ing sulphur readily is at hand; but if it bo considered 
that the sulphur ores of this country rarely contain 
more than thirty per cent, of sulphur, and that, at the 
most, but tw'o-lhirds of this exist as bisulphide, and 
tliat only half of this latter quantity can be expelled 
tty heating with exclusion of the air, it will at once be 
apparent that the process could never be rendered 
icrnunerative. Such a igethod is, however, pursued in 
some parts of the Continent, where sulphur ores arc 
found of a much richer kind, and in which there is 
also a greater proportion of bisulphide, but not exactly 
by the same method that sulphur is purified. 1’ho 
process appears to be one of slow distillation of one 
part of the sulphur, at tlie sacrilice, by combustion, of 
the other. It is stated — Knapp — that not more than 
one-fourth of tlio sulphur actually contained in the 
pyrites is obtained. This process has formed the 
base for several improvements. Tt would appear tliat 
inventors are quite aware of the benefits tliat would 
result from the discovery of a process whcrefiy sul- 
phur could be separated from the pyrites on the spot, 
even if only the saving the expense of carriage, if 
nothing else, of the vast quantity of ii-ou. The follow- 
ing jirocess was invented by Mr. Lee. He first 
converts the sulphur in the pyrites, or otlier mineral, 
into sulphurous acid- and tlion proceeds to recover 
the sulphur from tliis by passing it through a quantity 
of coke heated to bright redness. The oxygen of 
the sulphurous acid combines wdtli the iucandescent 
carbon, forming carbonic oxide, et cct^ra^ while the 
sulphur is left in a free state, and in vapor. It passes 
on to a suitable condensor, in which the bulk of it is 
recovered in a melted Khai>o ; that which escapes melt- 
ing is received into a vaulted chamber similar to 
one employed in the refining of sulphur by eublimation, 
and in those obtained solid in tlie form of flowers of 
sulphur. 

This process, or rather tha apparatus, appears to be 
of a very complicated character. Mr. Spence of 
Manchester, in a process patented by him a few 
years ago, has ttwtteiially aiihplifiod it, Although he 
works On precisely fwnae principle. Mr. SrBKCE'S 
apparatus consists isimply of att ordinary pyrit^ 
burner, such as is uac^ ih the manufacture of anlphucic 



acid, to which is attached a number of condensing 
vaults. He charges his burner with alternate layers 
of charcoal and the pyrites huder treatment ; having 
fli‘$t heated the brickwork of the burner up to the 
proper pitch. When at Work, the action k very 
simpk^tho pyrites burns with production of suIphurouB ' 
acid ; each atom of thiir gas has to traverse a bed or 
layer of rod-hot charcoal. Now, as just before stated, 
carbon having a greater affinity for oxygen than sul- 
phur has, forces this sulphurous acid to yield up its 
oxygen, thus setting the sulphur free. The sulphur 
passes on with the current of gases, and is deposited 
in tt state of powder in the condensing chambers. This 
plan appears to bo more feasible, and better capable ot 
working on a large scale than the one preceding. 

While sjieaking of precipitated sulphur, it was shown 
how it was possible for sulphide of hydrogen and sulphu- 
rous acid gases to react upon each other, the eventual 
products biiing water and sulphur. This reaction has 
lioen taken advantage of in a process patented by Mr. 
Ducu.os of Swansea. He proposes to conduct into a 
leaden chamber, such as is used in the production of 
sulpimric acid, a mixture of two volumes of sulphide of 
hydrogen and one volume of sulphurous acid, a quantity 
of steam being at the same time admitted into the 
chamber. I'his, at first sight, appears to be very 
workable. It is easy to see that the two gases could 
bo regulated to each other, and a constant action go 
on: the sulphur in a fine state of division would be 
deposited on the floor of tlie chamber, while the excess 
of alnioBpheric air, et cetera^ would go out through 
proper openings at the end of it. But it unfortunately 
iiappens tliat. only about one-lialf of tlie suljihur actually* 
contained in the two gases is obtained. When these 
two giiRcs arc brought together, water being present, 
the results actually are water, sulphur, and pentatliionic 
acid — an acid of sulpliur with the formula Sj 0^. Its 
production may be explained as follows — 

h -I- 5 TJ8 = Sfl Of, HO -f- r> S ; 

that is to say, that five equivalents of sulphurous acid 
and five equivalents of Bulphido of liydrogen jiroducn, 
by their mutual reaction, five equivalents of water, five 
equivalents of sulphur, which are deposited, and one 
equivalpnt of pentatliionic acid. By calculation it is 
tims found that by this only one-half of the sulphur 
would bo obtained in the solid state, for in tlio sul- 
phurous acid there are five equivalents of sulphur, 
and five more in the sulphide of hydrogen; and for 
these ten equivalents of siilpliur one recovers only five, 
tlio rest going to form the pen tath ionic acid, a body 
for which’ no use in the arts has yet been found. Thus, 
instead of burning the pyrites, or other minerals, and 
endeavoring to separate tlio sulphur from thelsulphuroue 
acid produced, it would be more economical to convert 
it into sulphuric acid at onoo, 

Mr. Gossage suiTuounted the pentathionio acid ^ 
difficulty, by causing the reaction to place at a 
liigh temperature. His process is peculiarly applicable 
to the reproduction of the sulphur contained in the 
lime compound or alkali waste thrown away by the 
soda manufacturers. As is well known, the whole of > 
the sulphur used in the manufacture of the alkali ^nds 
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its my into the vat waste, Mr. Goss age proceeds to 
decompose this vat waste by meatia of carbonic acid. 
The action of this acid causes sulphide of hydrogen 
to bo evolved. A portion of this sulphide of hydrogen 
is converted by baming into sulphurous acid, which 
sulphurpUB acid is made to react, at a high tempera- 
ture, on a fresh portion of sulphide of liydrogen, when 
; .water and sulphur arc produced. His apparatus con- 
sists of four distinct portions — ^the first for the produc- 
; tion of the reqmsite carbonic acid ; the second for the 
I decomposition of tlie alkali waste ; the third is for the 
decomposition of the sulphide of hydrogen ; and the 
! fourth for Hio collection of the sulphur produced. The 
opparatus for the production of the carbonic acid is an 
I ordinary lime^kiln^ with some additions to render it 
; more fit for the special pur])ose to which it is to be 

' applied. It is fed with a mixture of common coke and 

! limestone, air being admitted for the purpose of coin- 

I bustion in the usual manner. The apparatus is of the 
, continuous kind. It is fed constantly at short iuter- 
I vals with the above materials, the quicklime produced 
; being removed from the bottom of the kiln at stated 

i periods. The action of this kiln is simply the decom- 

I position of the limestone, the carbonic acid evolved, 

! together with that furnished by the combustion of tljo 
coke, being carried to where it is needed in the next 
stage for the decomposition of the vat waste. 

The composition of tliis compound may bo considered 
' definitely settled. It seerhs to he tacitly allowed with 
Dumas tliat its composition is 2 CaS -j- CaO, or two 
f c(iuivalonts of sulphide of calcium, united to one of 
j lime ; but the research of Mr. J. W. Kynaston lately 
i in the Editor's laboratory, has indubitably proved it to 
! be simply a protosulphido of calcium with carbonate of 
! lime. This substance, the oomposition and proi^nMics 
j of which have been fully discussed under the art icle 
I Sodium, though insoluble in water, is caj>ablo of being 
decomposed by carboilic acid, especially wlien in a loose 
jiorous sliite ; one equivalent of the lime comixnmd, and 
i three equivalents of carbonic acid pioducing Ibree 
equivalents of carbonate of lime, and two of Bul])bide 
hydrogen, as follows : — 

2 CaS -f- 2 no + 2 CO., = 2 CaO CO^ -f 2 HS. 

The apparatus employed, or proposed to be emj>loyod> 
in the decomposition of this compound by Mr. Gos- 
8AGE, consists of two large cluimbers, or ratlier laige 
columns, filled with numerous perforated floorings or 
stages on which tlio alkali waste is ]flaccd ; these clmm- 
oers or columns are placed side by side, and so connected 
together, that the carbonic acid which is admitted at the 
bottom of one column, emerges at the top, and is con- 
ducted by a proper passage to the bottom of the adjoining 
column, up which it x)as8eB, as in tlie previous case. 
The material to he operated upon is laid on tJio per- 
forated floors, in a loose open manner, to facilitate the 
passiigo of^thc carboilic acid ; tliis ascending from the 
bottom of the column, penetrates thi ough each of tliesc 
^ separate masses, decoini>o8ing eacli particle with which 

it comes in contact. This course it pursues until it 
readies the terminal point of this portion of the appa- 
ratus, at which time tlio carbonic acid is supposed to 
have been oompletely absorbed, and replaced by tlio 


liberated sulphide , of hydrogen which has now to be 
decomposed- In oi'der to this effect, the Inventor lias 
constructed a furnace of a rather pecuhaJ? 

This furnace has a closed ash-pit, or an ksh^it ^hOBO 
inlot can be closed or not, at pleasure, by means of a 
damper or register; tho flue or passage for the gases 
leading from tliO waste decomposer is divided into two | 

at tliis point, one part of the sulphide of hydrogen is ! 

drnwn into this ash-i)it, and so tlirough the bars and { 

fuel of the furnace, while the other portion is admitted | 

immediately above the burning fuel; by tliis means a 
quantity of sulphurous acid is produced, which, in | 

coming in contact with a freali portion of sulphido ot j 

hydrogen at this high temperature, decomposes it, j 

forming, as shown betbre, sulphur and water. This sul- ! 

phur, of course, is in tho Btate of vapor, mixed Or diluted ' 

with a variety of other gases; it now. remains to sepa- j ' 
rate this valuable ingredient fi-om the mass of inert and j i 

uHcless gases which accompany it. For this purpose j ’ 

an apparatus similar to the one last described is j 
emjfloyed. This column is built of bricks or otlier I ' 
sipLable material, and is filled with coke; a cistern of j ' 

■water is placed on the top, by means of which, Avith the j I | 

assistance of an apparatus for Uie spreading of the wat er j 
in the form of rain over the whole area of the column, j 

tiio coke is kept drenclied witJi a stream of water. Tho J 

vapors issuirrg from the fung^cc, consisting, as before 
stated, of Buli)hur vapor, mixed vith other gases, is 
forced or drawn in at tho bottom of this column, when, 
meeting with tho cold wet coke, their temperature is 
almost instantly brought below tlie melting-point of I 
sulphur, and tliis body, is deposited in tlie solid state in 
t-liio form of an irnpalpably fine powder, which mixes 
with the stream of water, and is finally carried out with 
the stream, forming with it a milky liquid, which falls 
into a proper cistern or reservoir, from which the sul- 
phur is separated by deposition; from thence it is 
removed, and fused into a coherent mass, to fit it for j 
tlie puipoaes of commerce. Between each of the dif- 
ferent portions of the apparatus just described, llie 
inventor places an ordinary draught or blower-fan, i 
Avliich rapidly removes the gaseous products from one 
portion, forcing tliom into the next. Tho various 1 

columns, ei cetera^ are of such dimensions as to insure ; 

a sufficiently quick passage for tho products. | 

In theory this would appear to be perfection, inoB- I 
much as wo have here the recovery of tlie sulphur, which | 
is tho main object ; and also the recovery of die lime, 
tliis body being left as carbojiate after decomposition. 

As most alkali manufacturers are also nu^uiacturers oi 
bleaching powder, or chloroxido of caicium, this process 
offers an imfailiug supply of lime; or if tho recovered 
carbonate of lime just spoken of should not be found to 
answer for the seda decomposition a second time, tliat 
produced in tho kiln could be used in tho black-ash fur- 
naces, instead of tlie limestone usually emjiloyed. It 
thus offers a considerable advantage if it iiould turn 
out to bo as practically valuable as it is tlieoretically 
interesting. 

Messrs. M*Douoall and EAWiSbN, in a patent, dated 
May 21, 1849, claim a process fbr*<^ie ropipduction of ■ j 
8iilj)hur from sulphido of hydrogen, from wbaleycr ! j j 

l^joui’co obtained. I'his they effect by passing it through j | | 
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a pipe, heated to a red-heat, wherein tlie gas is ^lit up 
into its constituent elements, sulphur and hydrogen ; the 
sulphur is coBected in any convenient manner. This 
process does not appear eminently practical, if the 
experiments of (!k)hF4KlviKi)ER be correct He states 
that by passiiig isulphur vapor and hydrogen over or 
through porous bodies, kept at a red-lieat, he obtained 
sulphide of hydrogen, exactly the reverse of Hiis 
process. At any rate in a laboratory M*DouaALL^s 
operation answers perfectly. 

Messrs. Ptar and OnmiioLME secured a patent in 
18^9, for the recovery or reproduction of sulphur from 
sulphurous acidi It consisted in submitting the gas 
while at a red-heat to the action of hydrogen, which 
latter seized upon the oxygen, forming water and 
liberating sulphur. Two furnaces of proper Construc- 
tion were erected, side by side, one adapted to the 
combustion of pyrites, the other constructed in such 
a manner that it afforded a stream of hydrogen, mixed 
with carbonic oxide, obtained by passing a current of 
steam through or among incandescent coke. The gases 
were brought together at a point of junction kept sulH- 
ciently hot by the combustion of the materials them- 
selves. At tills point the dccompobition took place, 
the sulphur vapCr passing on to a proper condensing 
apparatus. 

Amongst a most nurttcrous array of methods for 
procuring sulphur, or for separating it from natural 
combinations, perhaps one of the most theoretically 
ingenious is that mentioned by Parnell as being 
devised by M. TnAULOW. It is for producing sulphur 
from the natural sulphate of lime. Ho proposes to 
reduce this to tlie state of sulphide of calcium, which salt 
he then decomposes by means pf carbonic acid, obtain- 
hig by this means sulphide of hydrogen and carbonate 
of lime. He effecta the deoxidizatioii of the sulphate 
of lime, or its reduction to sulphide of calcium by 
mixing it, in fine powder, wdth coal-dust, exposing this 
mixture to a red boat for a sufficient length of time in a 
retort of clay or iron ; the carbon unites w ith the oxygen 
of the 6ul])huric acid and lime, and becomes carbonic 
acid, which ho reserves, or immediately uses for the 
decomposition of a previous charge. Carbonic acid, as 
stated while describing Mr. Gossagk’s process, is able to 
decompose sulphide of calcium, driving off sulpliido of 
hydrogen. Thus M. Tiiaulow proposes to burn sul- 
phide of hydrogen in lieu of sulphur for tlie production 
of sulphuric acid. There are reasons for supposing 
that this process can never be successfully carried out. 
In the first pkco, - as Parnell observes, if the exact 
quantity of carbon only ncccBsary to combine with all 
the oxygen present, is added, the reduction would be 
extended over a great length of time, and w^oiild pro- 
bably never be complete; and again, ivere an excess of 
carbon to bo employed, so as to hasten the docomposi-^ 
tion, carbonic acid would not bo obtained, for carbonic 
acid pas8(^d over red^faot carbon would fxirt wiiib half Its 
oxj^gen, becoming carbonic oxide — CO — a gas which 
could not possibly be substituted for the carbonic acid in 
this case. By a little addition the process can bo made 
theoretically possible ; still, the probabilities are that 
it win never bo practically woAed,*^unle8s sulphur diould 
rise in price much highci^ than it is likely to do. | 


As an instance of the manner in which old and use- 
less, or exploded inventions again arise, one may men- 
tion the re-invention or revival of this very process by 
Otto KdHSELL, who patented it for the kingdom of 
Hanover in 1856. The process, as detailed by this 
inventor, is preoisely the same in every detail as that 
of M. Thaulow — not the main principal only, but in 
every*minute particular it is a perfect copy. 

In 1857 Mr. Gossaoe invented, and secured by 
patent — dated September 12th in that year — another 
process for obtaining the sulj^hur from tlio sulphide of 
calcium of alkali waste. In the place of hydrochloric 
or carbonic acid, as in his method of decomposition 
before mentioned, he liberates the sulphur in the form 
of sulphide of hydrogen, by acting upon the waste with 
steam at a high temperature. The following equation 
represents the cliange that ensues — 


CaS 


no 

Btoant 


CaO 

Ltrna 


■f HS 

SulpMde of 
hydrugun. 


Tlie sulphide of hydrogen so obtained lie applies instc.id 
of suljihur, in the production of sulphuric acid by burn- 
ing with atniosjdieric air, so as to form sulphurous acid 
gas ; or he obtains the sulphur itself from the sulphide 
of hydrogen by causing sulphurous acid to act upon it, 
when mutual decomposition takes place. 

When carbonic oxide gas is [passed over the sulphates 
of the alkalies or alkaline eartlis in a state of ignition, 
the salts arc reduced to sulphides witJi the simul- 
Inrieous conversion of the carbonic oxide to carbonic 
acid, thus - 

MO, SOg -f 4 CO = MS + 4 COg. 

Now, as Mr. Gossaoe htfs shown, if stenni at a high 
temperature be caused to act upon the sulphides of the 
nlkaliuc earths, sulphide of hydrogen is liberated. If, 
therefore, a mixture of steam and carbonic oxide gas 
be passed over the ignited aikalino, or earthy sulphates, 
the sulphur of the sulphalo will be obtained as sulphide 
of hydrogen, and may afterwards be obtained in the 
free state. This method lias been lately proposed by 
M. JACQUEMiN, for the production of suljdiur from 
sulphate of lime, and also for obtaining, at the same 
time, soda in the caustic condition from sulphate of 
soda. 

The author appears -to think that by means of this 
process he will revolutionize the soda manufacture, 
as he anticipates the recovery of the whole of the 
sulphur in an available form witlumt the production 
of any waste whatever. Even if this process would 
answer on a small scale, its success on a larger one 
is very doubtful. Were its success an absolute and 
undoubted fact, and the reaction clean and exact, 
it would bo capable of considerable extension. Tlie 
sttlplmr from suljhato of lime might bo recovered 
in like manner. It would only be necessary to mix it 
in the manner M. Thaulow proposes to do with small 
coal, or other carbonaceous or reducing matter ; heat to 
bright redness in a closed retort for some hours, until it 
was reduced to the state of sulphide of calcium ; then 
to pass steam over and drive off* the sulphur as sul- 
phide of hydrogen, while, limo would remain behind as 
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qtiicldim©. This process, which is tacitly indicated by 
the author, should be lUiioh superior to that of M. 
Thaulow just mentioned ; but it would appear that 
a like fate has awaited botik processes ; in fact, tliat 
they are each impracticable on a large scale, or, what is 
the same thing, they would not pay at present. 

These are not the only method which have been 
proposed for the recovery of sulphur from its various 
combinations ; but they serve to show, to a^ certain 
extentr, the industry of the various inventors who have 
turned their attention to the subject ; and though suc- 
cess has not followed to the extent no doubt expected 
by the sanguine chemist, liaero is no reason for despair. 
It is still to bo hoped that some one, more successful 
than his predecessors, may yet, in some fortunate 
moment, hit, either upon a yet latent reaction, or by 
some perhaps trifling variation of An already known 
mode of procedure, bring forward a simple and easily- 
worked process, that shall be all that could be desired, 
producing sulphur at a price sufiiciently low to com- 
pete successfully with the imported article. Sulphur, 
in a state of combination, exists in this country in almost 
inexhaustible quantity. To separate this, and to pro- 
duce it in a state of comparative purity, is what is 
wanted. When this is done, English manufacturers 
will be in a stale of great independence. It scarcely 
peed be added that by such a discovery the fortunate 
individual would bo more than repaid for a life’s 
industry. 

OoMHiNATtONS OP SuLPiiUR.— Sulphur enters into 
many combinations, both simple and complex; it com- 
bines, with a few exceptions, with all the metals, forming 
with them proper insoluble compounds. 'I'lio sulphides 
of the alkaline apd earthy metals are soluble in water. 
Some Bulpliides are decomposed by acids, while others 
again are insoluble in these liquids. Of these pecu- 
liarities chemists avail themselves largely in analysis ; 
for, by this property of forming insoluble compounds 
with sulphur, they are enabled to separate into classes 
several groups of metals, from which again, by a series 
of subdividings and subclassings, they can separate 
individually each element. The larger groupings are 
made chieily through the instrumentality of sulphide 
of hydrogen. This gas, when passed through a solution 
of metallic oxides, in many oases throws down the 
metal as a sulphide, the gas being decomposed. As 
an example : if a current of sulphide of hydrogen be 
passed tlirongh a solution of a salt of lead, the following 
reaction takes place— 

I»bO-|-HS=;PbS + no, 

Sulphide of load and water are the products of this 
decomposition. The following metals are thrown down 
as sulphides by sulphide of hydrogen from an acid 
solution — gold, platinum, mercury, silver, lead, bis- 
muth, and copper, black; antimony, orange; arsenic, 
tin, and cadmium, yello^. The following metals are 
converted into sulpludes when sulphide of hydrogen is 
passed through their alkaline solutions, or a slightly 
alkaline solution, in which tlieir hydrated oxides are 
suspended— nickel, iron, and cobalt, yellow ; tin, black; 
manganese, flesh-colored; aino, white. Sulphur enters 
into the v^otal kingdom ; ii is found in more or less 


quantity in many plants, chiefly inconnoerion ijrith 
gen, with which it would appear to apt in immtf W 
least in the organic world*' In the anitnal kingdom it 
occura pretty extensively also, and there too iiis 
pally found in nitrogen compounds* Animal and yegiatal 
products of the albumen fm^d fibrin class contain it as 
an essential element, while its existence in the form of 
AAtf as sulphate, ei cetera^ is still more diffused. It 
combines, as will be presently shown, with several 
proportions of oxygen, and wim hydrogen in at least 
two proportions— the sulphide of hydrogen i^oken of 
so repeatedly in this article when treating of the 
'recovery of sulphur, and another body containing 
much more sulphur, its formula being given as 
This body is produced, appearing in the form of oily 
drops, which subside when a solution of pentasulphide 
of potassium is poured into dilute hydrochloric acid; 
it is very unstable ; the greatest care and precaution 
cannot preserve it longer than a few weeks, even though 
it be sealed hermetically in a glass tube ; it simply 
forms a link of the chain of combinations which sulphur 
is capable of forming. 

Tlie simpler combination with hydrogen is a well 
known body; it is the result of many decompositions, 
natural and otherwise ; it is permanently gaseous, possess- 
ing a most nauseous odor, easily recognized as being the 
characteristic of several mineral springs, such as those 
of Harrowgate, et cetera. It is a product of tlie decom^ 
position of many organic bodies, is evolved by putrid 
bodies, and is the cause of the smell of rotten eggs, 
the albumen of which, as before stated, contains a 
(]uanlity of sulphur, is undergoing decay, and gives off 
its sulphur, or a part of it, as sulphide of hydrogen. 
This gas is prepared by adding an acid to any soluble 
sulphide, such as those Of the alkalies, or of the alka- 
line earths. The most convenient, and consequently 
the most general method, consists in adding dilute sul- 
phuric acid to sulphide of iron, placed in a bottle, 
closed witli a cork, perforated with two holes, one for 
the passage of a tube funnel, through which sulphuric 
acid can ho poured ; while through the other is passed 
a tube for tho exit of the gas — Fig. 569. If a slow 
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and constant stream of the gas is required, large lumps 
of the sulphide should be employed; but If, on 
contrary, a rapid stream is ne^ed, smalto lumps* 
should be used. When ibe sulphide is introdaced| the 
cork should be put hi its and Ibe requiaitc 
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of dilute acid pcmred down the fuunel; if the 
eulphide be good, a etceain of gas bubbles will imme- 
diately begia to riso, and passiiJig through the 6»t tube, 
can be directed tbrougb any solution, or to any required 
point. The decompo^tion which, produces thhi gas 
from these materials is vci’y simple — 

FeS + SO,HO = PeO, SOg+SHj 

that is, ooe equivalent of sulphide of iiorii, one of 
sulphuric acid, and one of water, produce one equiva- 
lent of eidphide hydrogeo, and one of protosulphate of 
iron. 

The combination of sulphur with nitrogen alone ^ 
is of scarcely any impo^iiice, and need not be dwelt 
upon. 

SttJphttr md Carbon . — Sulphur forms several com- 
binations with carbon ; the one most marked and of the 
greatest importance, inasmuch as it is used in the arts, 
is the bisulphide of carbon or sulphocarbonic acid — 
It is formed by passing the vapor of sulphur 
over or ilirough led-hot charcoal. This is ellbcted 
by filling an iron or porcelain tube placed across a 
furnace — ^Fig. 570 — with fragments of oliarcoal. One 
end of this tube is connected with a condensing appa- 
ratus — LifiOio’s tube will do — ploiitifuiJy supplied witli 
cold water# llie other end of this tube must be capa- 
ble of being closed tightly with a cork. When the 
tube is sufficiently hot Ime cork is removed, and small 



pieces of sulphur are pushed through near to the char- 
coal. The orifice being again closed, the sulphur is 
converted into vapor, and in passing through the in- 
terstioeA of the hvcandescent carbon, combines w^th a 
portion, forming the body in question, which, passing 
on to the condensing appaoratus, collects as a liquid. 
After suffident time has elapsed a fresh portion of sul- 
pliur must introduced, the operation bei«|g continued 
in this manner until aufficientlms been prefne^^ Tlbis 
product is by no means pm^^ cu* lees 

sulphur which hasee^pedoomWaUoUfWd ten which 
it must be freed by dietiOatioia in a gte retort placed 
in a water bath.- , , ^ ' \ 

Bisolphkle of of 1*272# U is, 

as colorless liquid, of a 

atroiig odor is due to a foreign ^ 


body, the true smell being of a vinous or ethereal char- 
acter* A considerable portion of this smell may be 
removed by shaking it up in a bottle with a quantity 
of strong sulphuric acid and bichromate of potassa. 
Bisulphide of carbon is a very volatile body, its boilmg 
point being 110*. }t rapidly evaporates, almost equal- 
ing sulphuric other in this respect, diffusing Its odor 
through the apartment. It is a very effective solvent 
fatty matter* G reuse stains may be removed by it from 
paper or woven fabrics. It is only necessary to place 
a piece of blotting paper below the stmn, and drop the 
bisulphide of caibon on it ; it dissolves the grease, and 
the blotting pajKjr receives the solution# When brushed 
the fabric must bo exposed to the air, when tlie odor 
rapidly and perfectly disappears. Bisulphide of carbon 
is also a solvent of phosphorus ; when a little bisolpliido 
of carbon is warmed in a test tube and a piece of pboa- 
; phorus dropped in it, it rai)idly dissolves. This is a case 
j of true solution. The idiosj)horus is again deposited 
I unaltered on the evaporation of the solvent. It has 
been proposed to employ this solution in warfare. Schells 
filled with the solution were to bo tlirown into or on 
any combustible i>ait of the enemy’s premises, such us 
a wooden building or a ship’s sails. TJie solvent evapo- 
rates, leaving a thin layer of phosphorus, or, in the case 
of a ship’s sails, leaving every thread or fibre covered 
with a coating of pho.spliorus. This quickly begins 
to oxidize, and finally takes fire, which tire will com- 
municato to tho Burrounding pints. The exi>erinicnt 
may be performed on a smali scale by wrapping a little 
tow round the end of a wire, and dipping this into the 
phosphoric solution, wlren, on taking it out and waving 
it about, tlie bisul})lii(le of carbon almost instantly 
evaporates, and in a iew seconds the low takes lire, 
tlie phoBihorus liaving ignited first. 

Siilitititr and Chlorine , — Sulphur also combines in a 
variety of proportions witli other bodies, as well as 
those named. It forms combinations with [du^sphorus, 
1)01 on, iodine, bromine, fiuoiine, and cblorine. Oiio of 
its combinations with the latter body is used in tho 
manufacture of caoutchouc ; it is prepared by passing 
ehlorinc gas through intdtcd sulphur, forming the 
dichloride of suljihur, which is found to contain also 
sulphur in solution. From this it must be freed by 
distillation, at a low tempci*ature, and, if necessary, 
the rectific.atiou rcj>eated until its boiling point is 
stationary at 228*2^ This chloride of sulphur has 
some curious properties; by means of it, a species of 
artificial india-rubber may be produced. To procure 
this body take a quantity of vegetal oil, say linseed 
or rape, and mix it with one- tenth its bulk of chloride 
of Bulpliur, and slightly warm the mixture ; a strong 
reaction takes place. Hydrochloiic acid is disengaged, 
and a mass remains, which, when washed with water, 
beoomes white, and is as elaatio as geoume caoutchouc, 
with precisely tho same appearance. Tide curious 
body resists the action of boiling alkaHes ; ammonia 
and concentrated acids are without action on it, and 
it resists the solvent powers of alcohol, oilier, sulphide 
of carbon, and oils* 

Compotmds of SvlpUmr and Ox^en, — Sulpliur 
appears to have a groat affinity for oxygen, with which 
it combines in many ^oportions, forming a series of 
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compatmds^ all of wbicb are acids. The following 
are known to exist at present 

Hypoaulphurous ackl, 8209 

Feiitathiouic acid, 

Tetmthiouic acid, 84 O5 

Tritjiiioijic acid * *^8 Os 

BulpWotifl acid,. S O2 

Hypoatlltohuric acid, 89 0 ^ 

Bulplmrio aoid« S O9 

Of tbis series two niembe^ have been already noticed 
— hypoeulphnrous acid and pentalhioiiic acid. Hypo- 
sulphurous acid cannot be obtained in the free state, 
as already monUotied. When set free it splits up 
gradually into sulphur and sulphurous acid. It is 
commonly met with in the foim of hyposulphite of 
soda, a compound employed to a considerable extent by 
lihotographers, it being a solvent of certain silver salts, 
which are insoluble in water, such as the chloride, 
iodide, and bromide. Hyposulphite of soda will also 
dissolve sulphate of lead, and in analysis affords a ready 
means of separating this salt from sulphate of baryta. 

Hyposulphurous acid is comparatively stable when 
comlnnod with a base. The hyposulphitos of the alka- 
lies and of the alkaline earths are those most frequently 
occurring. They are prepared in a variety of ways, | 
(he most common methods being either by exposing an 
alkaline or earthy sulpliidc to the air, when it absorbs 
oxygen, forming a quantity of hypoKnl[>hite8 and other 
salts; or by boiling a sulphite of the base with 
sulphur. The reaction in the latter case is very simple. 
^I'ake the su][>hite of soda for instance. This has the 
formula NaO, SO^. Add to this one equivalent of 
sulphur — NaO, S02 + ‘'^i ttncl hyposulphite of soda — 
NaO, S2 O2 — is produced. 

The following method appears to be a favorite one 
for preparing tlio hyposulpbile of soda in small quanti- 
ties : — One pound of piiro crystallized carbonate of soda, 
is dried as perfectly as possible. When powdered, this 
is mixed with five ounces of pure sulphur, the mixture 
heated in a glass or porcelain basin to the melting point 
of sulphur, and kept at that temperature for some time, 
stirring constantly in order to bring every part into con- 
tact with the air. The sulphide of sodium formed at 
first absorbs oxygen from the air, and is converted with 
feeble incandescence into hyposulphite of soda. The 
mass, when cold, is dissolved in waiter, and boiled w'ith 
sulphur for some time, and the liquid evaporated to the 
crystallizing point. Very fine and pure crystals are 
obtained in this manner. If the heat be too strong, 
part of the sulphur is burned off, and carbonate of soda 
remains luidccompoeod. In this case a second cr3r6tal- 
lizalion is requisite. H3'p08ulpliite of soda can easily 
bo obtained by passing a current of sulfdmrous acid 
through a solution of sulphide of sodium, boiling, filter- 
i/ig, and evaporating to the crystallizing point. 

The earthy h3^poeulphiteB, as above stated, are formed 
by exposing their sulphides to the air ; for instance, in 
a solution of sulphide of calcium exposed for some 
time in this manner, a considerable quantity of hypo- 
sulphites fonn by double decomposition. Hie hypo- 
sulphite of soda or potassa may be formed by adding to 
a solution of the sulphide of calcium a solution of the 
carbonate of these alkalies. 

Hypotitiilphite of soda is used to a small extent in 


analysis as a reduohig agent, also as a meohs of oepar- 
ating iron and alumina, depeudent on' tho foot 13 iai 
hyposnl^dte' oif alumina is not stable st iitmoh abovO 
the ordinary temperature. For instance, suppose iron 
and alumina are both contained in a soluto ; to this 
solution is added as much hyposulphite of Soda as will 
convert these bases into hyposulidiiteB; this is done 
while cold. The solution is now heated to boiling. 
Hyposulphite of alumina decomposes at this tempera-^ 
ture into, sulphur, sulphurous acid, and alumina, while 
the iron salt being more stable remains intact, 
whole is now thrown on to a filter; when the iron salt 
passes through, while the alumina remains on the filter; 
and it is washed, dried, and ignited. The iron is separ- 
ated from the filtrate in the usual manner. 

This reaction is used, also, to a very small Oatent in 
calico-printing. A hyposulphite of alumina is formed in 
the cold by adding a solution of chloride of aluminium to 
a solution of hyposulphite of soda. The result is a solu- 
tion of chloride of sodium and hypostilphite of alumina. 
This is thickened in the regular manner, and printed 
on 4 he fabric. The piece is then exposed to a tempera- 
ture of 212 ° by means of steam, when the salt is decom- 
posed, alumina being deposited on or in the cloth. 
This alumina so deposited dyes up with madder pre- 
cisely like the alumina precipitated in the ordinary 
manner from the acetate. ^ 

Tiiis method does not offer any advantage over that 
usually followed, except in certain cases,, where it is 
a convenient course, on account of the ordinary method 
being inadmissible. 

The rest of these sulphur and oxygen compounds, 
with the exception of sulphurous and sulphuric acid, 
are at present useless in the arts, but are valuable in 
a scientific point of view,' 

Sulphurous add is composed of one equivalent of sul- 
phur and two equivalents of ox3’gen. It is the irritat^r^ 
vapor or gas given off by burning 
sulphur. It may be prepared in 
a variety of wa3"s, according to ^ 

the purpose for which it is ro- * ^ 

quired. Two general principles 
may be followed, either the addi- 
tion of a sufficient quantity of 1 || A 

oxygen to sulphur, or the ahstrac- 
tion of 0X3"gcn from sulphuric W 

When sulphur, as just stated, 
is made to liurn in ox3gen gas 
or common air, sulphurous acid is 
obtained. If it is desired to pass 
a stream of this gas through any 
liquid intended to absorb it, the 
sulphur must be burned in a close 
vessel or apparatus, whioh has H 
strong aspirator attached. The 
WouLF^s bottia^ or <dh^;'!i<%ssel, ' 
must be fllaced betiJ^eeiiiffiie ^esseVeontaiidng the sul- 
phur and the aspiratoi^, Ist^^ this to he Incon- 
venient, the sulphur may be with some body 

containing oxygen 4 idd tldk Daiituitr 

heated. Abody}wsiBess|hg^i^^t^^ 
is found in peroxide of 
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pf 6 tilpburou 8 acldr it is {^commended to make an iati*- 
mate miiture of oim part powdered sulphur, and seven 
or e^ht parte oT blacdc oxide of manganese. This 
mixture is placed in^n iron retort, which is set on the 
fire. There is off sulphurous acid, oxygen, and 

sulphur vapoit matter in the retort being proWhly 
sulphide sesquioxide of manganese. This method, 

not giving a very pure product, is not well adapted for 
maiiy puiposes* The method generally adopted is 
that of robbing sulphurio acid of one equivalent of 
oxygen by any convenient body. A mixture of strong 
oil of vihiol and charcoal heated in a fiask, which has a 
conducting tube— Fig, 671 — ^attached, serves very well, 
if absolutely pure gas be not needed. Tlie gas given 
off by the mixture is a compound SO;i and OOg. 
The following being the reaction—* 

eSOa+Csrs^SOj + COa. 

But sulphurous acid as nearly pure as possible, in fact 
quite pure, if made to traverse a little water to take up 
any sulphuric acid, may he obtained by heating sul- 
phuric acid with one-third its weight of copper, in the 
shape of turnings or clippings. One atom of copper 
takes up one atom of oxygen from one atom of sul- 
phuric acid, and becomes oxide of copper, which itself 
immediately combines with another equivalent of 
sulphuric acid, forming^plphate of copper — 

2S08-f-Cu = Cu0S0a-f SO,. 

Mercury may be substituted, but with no advantage — 
a like reaction takes place. The sulphurous acid so 
obtained is permanently gaseous at the ordinary atmo- 
spheric pressure, hut is capable of assuming the liquid 
form, like carbonic acid, sulphide of ' hydrogen, and 
sundry other gases, at an increased pressure with a very 
low temperature. Faraday employs a pressure of 
from three to five atmospheres; Wauh places in a 
long glass tube, sealed at both ends and bent in the 
middle, a mixture of anhydrous sulphuric acid and 
sulphur. This is heated, while the opposite end is 
kept immersed in a freezing mixture. Sulphurous acid 
is formed under strong pressure, and condensed in the 
cooled end of tlie tube. In order to obtain it pure, it 
must he run to the other end of tlie tube, and again 
distilled to free it from sulphuric acid. Sulphurous acid 
in the liquid state is only of scientific interest ; it is 
like many other rare chemical preparations, which are 
only made at a cost of great labor, and when made, 
can only bo preserved conveniently for a very short 
time. As a liquid its boiling temperature is 14:^ 

As far as all the useful properties of sulphurous acid 
are concerned, they may be studied from its solution 
in water, this liquid taking up, at mean temperature, 
thirty-three times its bulk of lim gas. 

Sulphurous arid sdution is obtained by passing a 
stream of the gas through cold water, employing for 
the generation any of the methods just gjven. A series 
of WouLF^s bottles, or other convenient appanMxis, may 
he employed for the condensation. The contents of the 
fizvt bottle riiiould always he rejected, as it will contain 
a considerahle qnantlly of sulphuric acid, oarried over 
both mechanicaUy and in a state ri'^Tapor; the otIuHr ^ 
he a nearly purs sriutiofl ^ sulphurous acid* 

Sulphurous acid is capable of forming a crystalline 
hydrate with water. It is procured by exposing sul- 
phurous, acid vapor with water, in a tube or other 
apparatus, to a low temperature, by placing this tube 
in a bating mixture. Solid sulphurous acid may be 
procured by rapidly ^evaporating the liquid acid — it 
fbnus white fiakes. It is heavier than the liquid, and 
freezes at mmui 110^ It is composed Of— 

Sg"n'’ "p®*- 8 ™’* 

Sulphurous acid is a powerful deoxidizer, instantly 
decoloring acid solutions of the manganates and chro- 
mates — in the latter cq^o reducing tliem to the state of 
green sesquioxide of chromium. For analyzing tlie 
commerciri sulphites, it is only necessary to weigh out 
a stated quantity of the sulphite or hyposulphite to ho 
examined, dissolve it in water, make it acid with hydro- 
chloric acid, and then to note the number of measures 
of a normal solution of bichromate of potassa required 
to be added to convert the sulphurous into sulphiu-ic 
acid, and data are obtained from which the amount of \ 
sulphurous acid contained in the sample may be easily 
calculated. This reducing property of snlpliurous acid 
has been turned to advantage by Bunsen, in the indirect 
analysis of various bodies — ^for instance, in the valua- 
tion of manganese. He places the manganese in a 
flask, treats it with hydrochloric acid, passes the evolved 
chlorine into a solution of iodide of potassium; each 
atom of chlorine sets fiee an atom of iodine. When 
tlie operation is over, ho disconnects the vessel con- 
taining this iodine, and adds from a burette a normal 
solution of suliiliuroiis acid until the precipitated iodine 
has disappeared. Each equivalent of iodine converts 
an equivalent of sulphurous into sulphuiio acid, as ' j 
follows— 

SOa -f. I -f HO = SOs 4 IH. 

Thus, tracing the reaction ba^'k, one equivalent of 
sulphurous acid repiescnts one equivalent of binoxido 
of manganese — this principle is applied in a voiiety 
of ways. The deoxidizing power of sulphurous acid is 
taken advantage of by the chemist in the estimation of 
arsenic. When arsenic exists as arsenic acid, it is 
very slowly thrown down by sulphide of hydrogen; 
wliereas arsonlous acid is easily precipitated. Sul- 
phurous acid possesses the power of absiracting part of 
the ox 3 ^gen from arsenic acid, reducing it to orsenious ; 
so that, if a stream of sulphurous acid bo passed through 
the arseniate to be analyzed, after making it acid with 
hydrochloric acid, it is conveiled into arsenious acid, 
which facilitates its precipitation when one comes to 
employ sulphide of hydrogen. 

Sulphurous acid, passed through a dilute solution of 
yellow sesquichloride of iron, quickly reduces it to a 
protosalt — 

Fea Cla + SO« -f HO = 2 'Fe Cl 4 . SO 3 + H a 

Sulphurous acid reduces salts ofgold, throwing clown ^ ^ 
the gold in the metallic state. It is capable of taking 
up the second equivalent of oxygen from almost every 
metallic binoxide. 

Sulphurous add, in the shape of sulphite of soda, 
has been an article of commerce for some time, tinder 
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tl^e half-^noiful half-true appeSation of anlicfalor. 
It hm derived its name from the usa to which it is 
applied^ betag need to oorreot the evil effects of an 
overdose of chlorine. la the bleaching of paper pulp, 
if my excess of ohlonne or hypochlorite has boezt used, 
the sul{ddte, on being added, neutralises it If, for 
the sal^ of ilhtstration, we imagiae chlomo to have 
beeir used^ then*-^ 

Cl -f SOj NttO + no = €1 H -f. SOjNaa 

This hydrochloric acid can be token up by any alkali, 
or will itself decompose a fresh portion of the Bulphite, 
driving off sulphurous acid. 

Sulphites are used by some in the mamifacturo of 
beet sugar. Proust recommended tliem and a sulphu- 
rous acid solutioa as being antiiermento, and having also 
other advantages. The following method of procuring 
ft in laige quantities was proposed by Calvkkt, in 
a lecture lat^y delivered before the Bociety of Arts. 
He constructs a siilphur oven, such as is used in the 
manufacture of sulphuric acid. Witliin this oven the 
sulphur is burned, producing Bidphurous acid. An 
earthenware tube, immersed in water, leads from this 
burner or oven to a tall wooden column filled with 
pumioe-etone, or other suitable porous bo<ly, A cistern 
of water is placed on the top of this column, to which 
cistern a tap or valve is attached, by means of which 
a shower of water can be sprinkled on the pumice* 
stone, keeping it in a moist or wot state. The mixture 
of gases issuing from the burner, consisting of Bulphuroiis 
acid, atmospheric air, and residual nitrogen, pass along 
the coiidacting tube, enter the column near the bottom, 
and pass up its whole length, ihtis meeting with the 
descending water ; the sulphurous acid is absorbed, and 
a constant stream of the solution issues into a cistern 
placed at the bottom for its reception, while tlio re- 
sidual gases pass out into the atmosphere. 

Some brewers (jmploy a solution of sulphurous acid 
to rinse out beer barrels after washing, as it possesses 
ti)e property of arresting tlie acclic fermentation. 

Sulphurous acid, when present in a free state in small 
amounts, is easily detected by its suffocating odor. 
It does not, like sulphuric acid, give any reaction with 
a salt of baryta, except when combined with a base. 
This is on account of the sulplu’te of baryta — unlike Urn 
sulphate — being soluble in free acid. Wlien sulphuric 
acid is added to a salt of baryta, sulplmto of baryta is 
formed, and tlio acid with which the baryta was pre- 
viously combined is set free. But tliis acid can exert 
little or no action on the snlphatc of baryta. Now, on 
adding sulphurous acid to a salt of baryta, the sulphite of 
baryta would dissolve in the acid set free, and which was 
previously combined with tlie bai^^ta. But in the case 
of a salt having sulphurous acid in its composition, 
this does not occur. No acid is set free to exert a 
.solvent action. For instance, if to a solution of chloride 
of barium is added a solution of Bulf>hite of soda, a white 
' precipitato of stdphite of baryta will be produced — 

mo 80a + Ba Cl BaO SO, + Na 01 

Supposing it to have been doubtful whether the salt 
employed , was a sulphite or a sulphate, one can now 
det^KUma the point hy Hie addition of an acid, say 
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hydroohlorto aeid^ ^ Bulphite of baryto 
this acid, the ^f^e^taite wiU dtoappeiMT if wsf 

a sulp^tof if Hie preci^tate is 
is iadteatedr Of eoSrse, both may be 
An old specimen of Ailphite sure to d 

quantity of sulphate, formed by oxidation, 
pure originally^ To determine absolutely the presmioe 
or absence sulphurous acid in a body, it is only 
necessary to dissolve it in hydrochloric acid, if solid, 
or if a liquid, make it acid to the same extent^ and fidd 
a tow scraps of zinc, such as is used in the produetkm 
of hydrogen gas. If the body under exammation 
contain sulphurous acid, the hydrogen going off will be 
accompanied by sulphui’etted hydrogen, which may be 
detected by die smell, or by itsidaekening paper d^ped 
in a solution of a lead salt This test wifi ^scover very 
minute quantities of sulphurous acid. Such is its 
delicacy that sulphurous acid may be detected in 
much of Hie commercial hydrochloric acid; it arises 
from the action of the strong sulphuric acid on the 
ir<Hi decomposing vessel employed. The reaction may 
ba explained as ibllowa, leaving out the hydreichloric 
acid: — 


I SOa -f rro -f- 3 Za =: 3 ZnO -f- 8 H. 

One method of estimating sulphurous acid has been 
given, but the ordinary method is to convert it into 
sulphuric acid, and then proceed in the manner foUowed 
in the estimation of that acid. This mayiie effected 
by several oxidizing bodies. It is sometimes recom- 
mended to employ nitric acid, but there is a chance of 
error by doing so, inasmuch as a quantity of the 
sulphurous acid may escape whilst heating it. Per- 
haps the best method is to pass through the selphurous 
acid or tlie sulphite to be analyzed a current of dilorine 
until the liquid smells of the latter gas, placing it on a 
sand bath until all smell has du^ppeared, then precipi- 
tate with a salt of baryta, collect, wash, ignite, ei cetera^ 
exactly as indicated under the head Sulphuric Acri>. 

Sulphurous acid forms, with bases, a series of salts 
called Sulphites, one of which has been already men- 
tioned, tlie sulphite of soda. These sulphites have been 
shown by the Editor to bear a strong resemblance to 
carbonates, being also isonK>r|)hous with the latter salts# 
The following list proves the analogy ; — 


Su(pMt<'ii OwboiuitcH). 

KO, 50j -H 2 HO KO, CO 2 + 2 HO 

KO, SO 2 -f- HO, SO, KO, C(h -b HO, CO 4 

NHO,SOa-f- 10 HO HhO, 00? + 10 HO 

NrtO, S0» d- HO, S(h NaO, COa -j- MO, CO* 

NaO, SO* d* HO, SO 2 + 8 no, NuO, CO 3 + UO,COi, -f « HO 
\ BaO, CO 2 


BaO, SOa 
StO, SOi 
MgO, SOg 4-8HO 
MnO, SOa + 2 HO 
PbO, SO* 

AgO,SO* 


SrO, COi 
MgO,COi+aHO 
WnQ,qai+8Ma 
PbO. <?0;i . 
4gQ,C0a 


Sulphite of soda is the only «db*-^wit3i the excc^iftion 
of a mixed sulphite of lime maignesia-^wbioh is 
manutootured on a ki!ge seale^ Sdiphito of ooda Is 
made by passing a atiBftift qf flulphmnms' add gw 
through a solution of Oariaonale ol soda ; l^o 
add is displaced, and aul{diito:of wda is foraied* 
the large scale, the same mKthod w to ptummd la tho 
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TOanufacture of incarbonat^ may be followed for the 
productioti of the eu^hite. A chamber or suitable 
lai^ TOBsel is so 'obxtstnioted with appliaeces that a 
stream of sulphurc^ acid from burning sulphur may 
be drawn through. This chamber or vessel is filled 
with crystals of carbonate of soda ; the stream of sub 
phurous acid in its passage through the interstices of 
the mass is taken up, carbonic acid being evolved. 
The passage of the gas must be continued until a sample 
tdken out of the cliamber, on beiing dissolved, has an 
aoid reaction with litmus paper. The mass of what 
.was originally carbonate of soda has now become a 
mixture of sulphite and bisulphite of soda. This is 
now dissolved in water, and brought to the boiling 
point a solution of carbonate of soda must now be 
added, until the last addition causes no evolution of 
carbonic acid ; the whole ds now brought to the state 
of neutral sulphite ; and after standing to deposit any 
mechanical impimtics may be run off into a suitable 
vessel to ciystallizc. 

The sulphites of potassa and ammonia may be pre- 
pared in a similar manner to that of soda, by passing 
sulphurous acid tlirough a solution of the alkalies or 
their carbonates. 

Ibe sulphites of the alkaline earths are prepared 
either by exposing the moistened, or better, the 
hydrated oxides, to gg^cous sulphurous acid, when 
this gas is absorbed ; or the oxides or carbonates may 
be suspended in water, and a stream of sulphurous 
acid passed through; or they may be produced by 
double decomposition from a soluble alkaline sulphite, 
and a chloride of the earthy metal. These sulphites 
are all more or less nearly insoluble in water and 
alcohol, but are rendered more soluble by an excess 
of sulphurous acid, in this respect resembling the car- 
bonates. The only practical purpose to which any of 
these earthy sulphites have been applied, is as disin- 
fectants. For this purpose, a mixture of the sulphites 
of lime and magnesia is used. Mr. M‘Douoall seems 
to have a method of producing sulphites much more 
readiiy than any other maker. 

ITie sulphites of the metals pioi)er, such as iron, ziuc, 
lead, bismuth, et cetera^ are produced by analogous pro- 
cesses ; they, like the earthy sulphites, are more soluble 
in a solution of sulphurous acid than in pure water, 

StrLFHTTEIC ACID — acid sulphur French ; 
schwefeUiiwre^ German— is the most stable and the 
best known oxide of sulphur. It appears to have been 
known from very early times. Buamde, in speaking 
of it, says that the honor of its discovery is due to 
Basil Valentiwk. He frequently mentions it and its 
mode of preparation ; and Pa racelsus, and tiie authors 
who immediately followed, talk of it as well known and 
In common use, though it is probable that it bore a high 
price, and was but scajatily supplied by a feW awkward 
and uruntelligent operatcis. But Kopp shows evi- 
dently that ViNCBNTius PB Beauvais badi an idea of 
the substance obtained by distilling alum. Boyle 
first recognized in it a relation to sulphur. MayoW 
pointed it out with great clearness, but be was far 
before bis time in penetration. Stahl believed sul- 
phur to consist of sulphuric acid and phlogiston, a 
theory in conformity with the rest of his system. 


LAVOzaiBU showed the formation of acid by sulphur 
takbig up oxygen, but it had been made by burning 
sulplwrin the ais, at least since the time of>LBiCBBT 
aiu}„ Dr. Wabd. Sulphuric acid exists, os free acld> 
in two states, liquid and solid-^tbe Uquid being a 
combination of dry acid and water. The right of Ibe 
dry body to be called sulphuric acid is doubted^ as it 
exhibits no acid characters until combined or mixed 
with water. The character of the acid is sufiRciently 
shown in the reactions of the menohydrated sulphuric 
acid— SO 5 HO— or the purified oil of vitriol. This 
body is a heavy fluid, above three-fourths heavier 
than water. It flows when poured from one vessel 
to another, in a heavy, smooth, oily stream. This 
oily appearance has, doubtless, given it its name ; 
and although this appellation, oil of vitriol, bas 
been much ridiculed, it cannot be disputed that 
it is very expressive, and serves well to distinguish 
the strong vitriol from the dilate acid, which hubbies 
like water when poured. Oil of vitriol has a strong 
attiuction for ivater, so much so tliat a bottle con- 
taining it, if left open, rapidly attracts moisture from 
the air, becoming itself much weaker. This property 
is often taken advantage of in analytical operations. 
When a stream of dry gas is needed, it is simply 
requisite to pass it through strong sulphuric acid, or 
through a wide tube filled with fragments of coke or 
pumice-stone saturated with the acid. This is a very 
eflectual mode of drying a gas. It is not applicable 
to certain gasos, between which and the sulphuric aci<l 
a reaction miglit take place. In the simple and eh'gant 
apparatus, devised by Fresentt^s and Will, for the 
estimation of carbonic acid, Bul]»hnric acid is employed 
for the purpose of desiccating the carbonic acid before 
it emerges from the apparatus. It has been stated 
that sulphuric acid possesses the property ot absorbing 
carbonic acid, and that consequently the operations in 
which its diying property has l>eeri taken advantage 
of cannot bo convet. TlnVs, again, has been refuted ; 
and, inasmuch as most chemists are in the habit of using 
this apparatus, it would appear to ho tacitly allowed 
that if any error from this source does exist, it is so 
email as to bo of no consequence. 

This attraction of siilplniric acid for water also brings 
about some curious decompositions with organic bodies. 
For instance, if any of that class of bodies, such as 
sugar, starch, et cetera^ which contain carbon, hydrogen, 
and oxygen, in such proportions tliat, for tho sake of 
simplicity, they may bo considered as being composed 
of carbon and water, be mixed with strong sulphuric 
acid, and heated, a black mass wdfl bo obbiinod ; and it 
this mass be thoroughly washed with water, so as to 
remove every trace of sulphuric acid, it will bo found 
to be pure carbon, the whole of tho elements of water 
having been removed. So effectual is the process, tliat 
the principle has been proposed as a method of obtain- 
ing peat charcoal without the ordinary charring process. 
This charcoal is then, washed and dried. To this 
same property is duo the occasional brown color of 
commercial vitriol. If particles of organic matter 
fall into it, a portion of their hydrogen and oxygen 
is abstracted, forming a humus-like body, which, dis- 
solving in the vitnol, colors it. This attraction for 
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water seems to be the pnnoiple hy which it acts upon 
the skin, and animal and vegetal matter generally. 
The density of this monohydrated acid is 1*650, and it 
boils at a temperature of 620^ Its boiling point dimi^ 
nishes with its density. The strong acid is perfectly 
volatile, ’and thus capable of being distilled. It freezes 
at a temperature of 29^, yielding often sue -sided prisms 
of a tabular form. 

This acid hiM the power of supjdantmg or displacing 
almost eveiy other aeid known, so great is its aj9iaity 
for bases. It produces great heat when mixed with, 
water, the compound becoming denser than the mean 
of the two liquids. If equal vohimes of strong sul* 
phuric acid and water be mixed, and then allowed to 
cool, it will be found that the resulting liquid will not 
make up the original two volumes ; it now occupies less 
space, contraction having taken place. During this con- 
traction a portion of the latent heat of the water has 
been given off. Fakkiss made a series of experiments 
on this matter, tlie results of wliich are given in tlic 
follovring table 

UEAT l*RODTJCKn BY TUE APMIXTUBE OV SUI-PHBRro ACID 
WITH WATIB, TEN POUNltH t>F SlJLPnUmC^ACID 1 

BEING USED XM EACH EXPEIUUENT. I 


Sulphurlo AdU 

111 ,ir>uiidAv 


Ti*nif>#Tiittir* of the 
luixturu ill 
of FabmiihuU 


1 .. .. 


78“ 

2 ... 



3 .. 


no 

4 .... 


.. 128 

6 . . 


138 

6 .. . 


144 

7 , .. 


156 

H . . 


168 

9 . . 


. 186 

10 . 


204 

11 .. . 


214 

12 


222 

13 .. . 


229 

14 .. . 


. , 236 

15 ... 


241 

16 ... 


. 246 

17 .... 


250 

18 .... 


2.53 

19 .. .. 


2.56 

20 .. . 


2.58 

25 286 

30 .... 


. 204 

35 .. .. 


254 

40 .... 


248 


But Favre and Silbermann have lately examined 
the question more thoroughly, and shown that the fol- 
lowing amount of heat is given out; — 

HEAT EVOLVED BY MIXING SOg HO WITH WATER. 

Atom of water. Beat unite Oliferonot'* 

With the flr«t 94 0 » « 

Bocond i 88 0 j" ^ “ 

With the fivht J 18-s i 

BecoiidJ 17*2 f * 

With the iirBt J 36-7 “i 

second ^ .• 28*3 j 

Atoms of water. 

1 64-7. . 


When font of the mont^ydrate at^ mbLod with erne 
of water by weight ^e temperature risen to 300^* 

GhahaiI g^ves the following list of the hydrates of 
snlphtrrfo add^ > ^ 

Nor^ausou sulphtiric add, r= HO, 2 SOs 

SulphuricaoidiBpeohlc gravity, lt850, =r HO, SO* 

“ “ 1*78, ^=HO, SOs-l-HO 

“ . “ 1-632, = HO, SOj + 2 HO 

The third hydrate i» the above list oorresponds 
nearly to the commercial brown oil of vitrkd, the 
density of this latter b^ing 1*758. It k formed by 
heating a dilute acid to 400^ Its properties are almost 
identical with those of the monohydrate. It has the 
property of solidifying at tlio tmnperature of melting 
ico, or a little above this point. It is no uncommon 
cii'cumstance for a sulphuric acid manuiacturer to find 
a carboy of brown vitriol converted almost into a mass 
of ciystals, if exposed to the cold in frosty weather. 
These crystals ai;e the well-defined hydrate in question. 
This crystallization has been proposed as a method of 
obtaining pure sulphuric acid, as will be seen hereafter. 
Little seems to be known of the lower hydrate. It is 
formed by heating a dilute acid at 212’*, This amount 
of acid and water causes the greatest condensation of 
volume. 

Neitlier dry nor fuming acid can be obtained by the 
ordinary mode of concentration, it being impossible 
to drive off the last equivalent of water. Diy acid 
mry be obtained by distilling the Nordhauaen acid 
— TIO, 2 SOg. But Nordliausen acid is not now a 
common commercial product ; it is often necessary 
for Hie operator to make his own. This may bo 
done either by distilling the protosuiphate of iron or 
the sesquisulphate, artificially prepared; bisulphate of 
potassa or sfida may be also used. This latter salt is 
the clioapcst, and perhaps the most convenient. It 
may be jirocured by heating one equivalent of common 
salt in a crucible witli two equivalents of sulphuric 
acid, taking care to operate under a chimney, or in 
some situation where tho liydrochloric acid fumes will 
be carried away quickly. W^ien gas has ceased to bo 
evolved from the mixture, the residue must be heated 
to a low red-heat, iii order to drive off as much water 
as possible. The fused salt must be removed from 
the crucible and allowed to cook This may be done 
by pouring it out into an iron dish, or other convenient 
vessel. WHien cold, it must be broken up, when it is 
ready for the next operation. Or, instead of this, the 
bisulphate of soda or potassa left m the retorts, when 
procuring nitric acid, may be preserved for the same 
purpose, l^orcelain retorts being very expensive, it is 
well to substitute, if possible, some cheaper piece of 
apparatus. For this purpose an ordinary brassfouqder’s 
crucible may be cmjiloyed ; a lid niay be formed out of 
a piece of ordinary fire-tile — ^this lid has a hole cut 
through, into which is imdtied a piece of glass tube 
to cany off the vapor. The arrangement is shown in 
Fig. 571, To commence, a piece of brick is first laid 
the bars of the ordinary laboratory furnace; on this the 
crucible is placed; this is filled with the broken pieces of 
bisulphate ; the lid is luted on with clay, and the tube 
luted into the lid. A fii*e is lifted around the crucible, 
and this is gradually increated in power, until at length 
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WeolE; md at first pomes 
over—thii is cimplfcd owi of tlm receivjbg flask ; evmi* 
Mfly ^e retort mrupflfip begins to attoto ^ 
led-beat; drops of strong acid fall, and bW m ibey 
touch the wedsor acid in too flask. The flask is now 


Fig.5n. 



finsdly emptied of its contonts, and replaced, toe acid 
^vbich ^ow comes over being filming ifcid, white vapors 
pour through toe glass tube at a rapid pace, a poilion 
condensing there, and a portion in toe flask. Tlie flask 
should be a thin one, and is all too better for being 
idaced in a basin of cold water. After a time vapors 
cease to appear, and toe operation is at an end, Tlie 
glass tube should now be carefully taken away, oa also 
toe lid of toe crucible, and too fused or softened mass, 
formmg toe contents of tlie latter, should bo removed 
by moans of an iron scoop. Tliis done, toe crucible 
should be alloTved to cool slowly; when cold enough, 
it may be filled again, and too foregoing operation 
repeated. With care, a crucible will last thi-eo or four 
operations. The neutral sulphate may be reconverted 
into bisulphate, to be again employed. 

The fuming acid so obtained gives off wliitc vapors. 
These white fumes are dry acid — SO, — vapor, com- 
bining with the moisture of the atmosphere. It makes 
a hissing noi|s when poured into water, very like the 
noise made when red-hot iron is plunged into a liquid. 
Tliis acid is employed in gas analysis, on account of its 
possessing tlie power of absorbing certain hydrocarbons. 
For this purpose a piece of coke is wetted with tlie 
fuming acid and passed into toe gas to bo analyzed, 
standing in a graduated tube over mercury. To obbiiii 
the dry add it is necessary to submit the fuming acid 
to distillation at a gentle heat. For this purpose a 
^as retort is partially filled with the fumiug acid, the 
nock of toe retort is inserted into a flask, placed in 
cold water, a gentle heat is applied to toe retort, when 
the dry acid begins to come over. It condenses in 
solid fibres like asbestos, whiph are tenacious, and may 
be moulded by the fingers like wax. Its density at i 
68® is 1*970; at 77® it assumes too liquid state; and a 
little* above that temperature it enters into ebulUtipn. 
If a littie of this anliyd^oua acid be plaped on a slip of 
dry litmus paper no reddening results — coloration not 
taking place until moisture has been absorbed. , 

Mmvfactur^ of BvXidiwic Acid, — ^The principle 
involved in toe mode of working adopted by Dr, 
Roebuck, wbo may bo considered toe first inventor 
or improver, still continues in vitriol manufactories; 
in fact, from that time may be dated the actual rii^ of 
the sulphuric acid manufacture^ 


^6 earlier process^ and» aooording to many autoori* 
ties, toe one followed in a places wbere ^tera^ 
advantages render it profitaUe, is ana alrea^ aUudad 
to, and which consists in distilling or dxivmg of by 
intense heat toe sulitouric acid from protosulphato of 
irom This salt is dried and placed in flireprpof retorta, 

; which are built in suitable furnaces. Proper receivera 
are connected with them. These retorts ore charged, 
and heat applied, until they 'become sutociont]y W. 
The sulphuric add is driven of and condenses in tlie 
receivers, while oxide of iron is left, in too retort. The 
following dosoription, extracted fiom excellent 

work, wifi give a good idea of toe process as followed 
at Radnitz: — The material operated upon is toe motlier 
liquor from the manufacture of alum. This oontaius a 
large quantity of protosulphato of iron. Those mother 
liquors are liist evaporated to a diy state, and then 
roasted at a gentle heat. During tins latter roast- 
ing a considerable quantity of oxygen is absorbed, 
tlie protosuJphato passing partially into basic persul- 
phate of iron. These operations are conducted on tlie 
spot where the alum li(}uors are to be had. This 
roasted product, wliich is called vitriohteinj is sent to 
Radnitz for conversion into fuming oil vitriol. This 
process consists in the diy distillalioii of toe vitriol- 
stein. The pots in which toe distillation is eftected are 
constnictcd of refractory stoneware, and after being 
baked in a kiln upon the premises, are about nine 
inches long, two and a half inches in diameter at the 
}>ottoin, four and a quarter at toe middle, and three 
inches at toe mouth ; Uiey are about four-tenthB of an 
inch tliick in iljo sides. Before being used they are 
covered with a lute, or luting material, which is easily 
fritted by the action of tJjo fire. The receivers are ot 
much the same shape, but are longer and narrower at 
tlie mouth. The upper row in the furnace is occu[)ied 
by a single range of pots twenty*eight inches in length. 
The gallery furnace for the reception of the pots is 
rectangular in section, and is composed of two ]»arts 
essentially distinct. The lower pai't is built of massive 
masonry, enclosing the ash-pit and the grate, which 
extends the whole length under too range of pots; 
the uj)per part consists of two vertical walls of per- 
forated brickwork, wliieh form the sides of the furnace 
and support the pots. This latter portion demands 
frequent repair. Fig. 572 represents a front vertical 
section. It incloses four tiers of the smaller sized pots, 
arranged witli tlieir bottoms in contact, and an upper 
tier of long pots, which extend from one side of toe 
furnace to the other, and are open at both ends, Tlio 
whole, therefore, contains two hundred and eighty-eight 
pots — thij-ty-two large, and two hundred and fifty-six 
small. The long sides of the funmee are divided into 
wpiares by vcitical and horizontal bricks of toe samo 
dimensions, and four pold are placed in each square, 
separated from each other by small bricks, toe inter- 
stices being luted with refiactoiy clay* The arch of 
die furnace is constructed of flat bricks, simply placed 
alongside each other, and cut sloping at toeir extre- 
mities, to allow toe flame to pass. A small ohimuey is 
sometimes built to the furnace, but it is more fireque^y 
without. The pots are charged wito the vitriolstein, 
previously broken up with a hammer, by means of a 
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j of about au hour or an Lour and a half; tlie fire 
I being carefully regulated by opening or shutting the 
doors. At the end of four hours the lower tier, of pots 
is brought to a dark-red beat. The receivers are suc- 
cessively introduced into tlio pots and luted, those of 
the second layer resting immedinfely upon tlie first, 
and a wooden support being introduced between tlie 
i second, third, and so on. The receivers are slightly 
j inclbied, and a small quantity of water is placed in 
i each. This is sufliciout to receive the acid from four 
I successive distillations, after which it is in the state 
of coiKjen trail on required in commerce. The fire is 
gradually increased, arid after from thirty to tliirty-six 
liours no more acid is evolved from tlie upper tier ot 
pots, and the distillation is fiuislicd. The whole is 
then allowed to cool for twelve hours, and the receivers 
being removed the colcotliar is taken from the pots. 
This contains about six and a half per cent. 6ul])liate of 
lime, and amounts to about thirty or tliirty-iivo per 
cent, of the vitriolstein employed. 

The pots are now examined by tlie sound wliich they 
emit when struck. The broken ones are removed, and 
beiug replaced by fresh pots, the distillation is recom- 
menced. 

Each operatimi lasts about forty-eight hours, and 
three are completed in a week. From forty-seven to 
lifty per cent, of the vitriolstoin is obtained in fuming 
sulphuric acid ; five parts of coal are consumed for one 
part of vdtriolsteiu distilled. About tliii*ty pots and 
throe receivers are replaced afUir each distillation, 
which is equivalent to 10*42 and 1*04 per cent, respec- 
tively. 

Although such a mode ol manufacture may be 
capable of being followed in some localities, yet it is 
lor from possessing the general adaptibility of the 
ordinary process. hYom the above description there 
appears to be little loss, except from accidental leakage 
or the breaking of a pot; but as tlie process is described 
by many, or in fact the greater proportion of writers, 
simply diy^protosulphate ofiron isomployed— FeO SO*— - 
not as in tiio method just described, sesquisulphato — ^Fe, 
Og B iBOg— or rather a basic persiilpbate. ' The employ- 
mont of one or the other must make a fconsiderable 


differenoe h tho amount of prodtict ^ ^ 

any protosul^tote of Jroii be baif 

the sQlpkittb» Aifid OQ^tained m it will be obtabied fb 
0uiphf4rie^i^ the ie$t parsing os ei^liinrous 
The following f$ the reaction 

« (FeO soa =r Fe, Oj -f SOg -f. SOg. 

Two eqiuvalentsof prcri;o8idplm^ of inon^are depomsKM^d 
into one equivalent of sesqnioxldey one of sulphuxio 
acid, and one of sulphtnous acid; one of the equivalents 
of sulphuric acid has parted with of its equiva- 
lents of oxygen, in order that ,the two equivalents of 
protoxide of iron might become sesquioxide. This 
equivalent of sulphui'ous ackl is said to escape through 
the joints of the apparatus ; if so, and there does not 
appear to be any doubt of this being the fact, inasmudi 
as no other provision appears to have been made for its 
exit, one may naturally conclude that sulphuric acid 
vapor must esca])e at tlie same time. 

Such was the method pursued for procuring sulphuric 
acid for soiqe centuries. The next process — a modifi- 
cation of which remains in use to this day— -consisted in 
converting sulphur by stages of oxidation into sulphuric 
acid. This diflers materially from the process before 
described, in which acid already formed was simply 
' separated from a combination ; in the present case the 
operation commences witii tlie prime element. The 
first step in this direction api>ears to have been the 
foinaatioii of sul])hi]ric acid in small quantities by the 
combustion of suljvhur in glass globes, moistened on the 
interior surface witli water. It is true that under tljcse 
circumstances a small quantity of sulphuric acid would 
be formed, but the amount would be very minute 
indeed; in fact, the combustion of sulphur in pure 
oxygen gives rise to little more than a trace. But a 
I grand step was inndc in the right direction by the intro- 
I duction of nitre iu tlie manufacture.^ The use of sulphur 
and nitre together was said to have begun with Lefevke 
and Lkmbiiy. Dr. Waiu) had tiie monopoly of it long 
in this comitiy, and best know how to manage the pro- 
cess. Instead of sulphur se, a mixturo of suli)hur and 
nitre was made, and set lire to in or mider a bell glass; 
by this proceeding a much greater quantity of sidphuiic 
acid was obtained. It can easily be imagined, that 
even tlie most successful experiment could furnish only 
a small quantity of acid, on account of the very limited 
size of liie apparatus. Tliis must strike an observer 
when ho contrasts in his own mind the largest jar or 
globe that could be blown, even now, with one of the 
vitriol chambers oi’ iJio present time. But this difficulty 
ot limited dimensions was surmounted by a Dr, ItOE- 
131 JCK of Binniiigham, who was the first to introduce 
leaden chambers, which he did as a substitute for the 
comparatively small globes; and os he was able to 
make them of any requued size, a great reHet must 
have been given to the manuiactuFc. The manner ot 
working was still preoifeoly similai* to that with the globe, 
Tlie chamber had an entrance-door, which could be 
luted tight; tliis was opened, and a charge, consistu^ 
of a mixturo as before of sulphur and nitre, was put on 
a proper stand placed to receive it in the chamber 
According to some authors this was a sort of Gaxriage, 
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aHiQxge^ und then after ignition pushed towards the 
centre of the chamber ; but it is difficult to couceive 
tliat thk is true, aa H would not bo easy to ^nd materkd 
of which to construct tlm wheels and olhor parts of 
such a machine, when it is considered that the floor of 
the chamber was covered with acid to the depth of 
several inohpa* It is certain that the proper charge was 
placed on a stand in the interior of chamber; this 
was ignited, and the door was then properly fastened and 
luted. After a ceitoin time had lapsed the door was 
again opened, and# the residual gas oi^ gases allowed to 
escape. TJiis was repeated again and again* until the 
water wiih which tlio floor of the chamber w*as covered 
had absorbed sufficient of the acid, when it was run off 
and concentrated. Authors speak of a collapse of Iho 
sides of ihe chamber occurring, owing to the partial 
vacuum produced by the absorption of the oxj^gon of 
the contained air. But it can be scarcely believed 
that this accident could have occurred often, since it is 
hardly conceivable that practitioners of tlie chemical j 
art at that time could have been ignorant of the fact 
tliat a ve^y simple annngenioiit of a w^atcr-valve opening 
inwards would have remedied this. 

This process, then, rvas the one follow’’cd by Dr. 
Roeiujck, and such in principle it remains down to the 
]>rosent day; and had it j)osscssed the advantage of a 
later invention, vulelieci^ tlio introdiicfion of steam, it 
would no doubt have given an excellent result. Sup- 
posing there had been in tlie chamber twenty-four 
parts by weight of oxygen for every sixteen jjarts ot 
sulphur introduced, watery vapor being also present in 
sufficient quantity, every particle ot suiphur must have 
been con verier! into sulphuric acid, if sufficient time 
were allowed to ola])se before the opening of tlie 
chamber door. 

Ilaving followed Uie manufacture to Ihis point, one 
must now pass on to anotlier step, from tlie intermittent 
to the continuous process, as practised at present. Jt is 
easy to see that had Dr. Koewuck burned his Bulpluir 
in a properly constructed apparatus, and introduced the 
resulting sulphurous acid into his chamber at one end, 
drawing oft the residual gases at the other, he would 
have improved his method, and escaped many incou- 
vcTiicnces. 

If on© views the gigantic scale in which this manu- 
facture is earned on at the present day, by a Tennant 
or a Muspratt, he must smUe on looking back at the 
almost puny manner in wliich they operated in former 
times; but, then, add to their process the continuous 
system — the introduction of steam into the chambers 
by Kestner, concentration in tlie platinum vessels, and 
Gay-Lussao’s column for the recovery of the nitrous 
gas — and manufacturers have almost all that could be 
desired at present. 

Much ingenuity has been expended in the construction 
of every piece of apparatus connected with the manu- 
facjture of vitriol. The ovens or burners, the chambeif?, 
and every part, lave been tortured into a vaxiety ol 
forms, some of which would appear to lave been 
devised in an idle moment, and consti-ucted only to 
gratify a whim, or if any object has really been in view, 
it must have been imaginary. But in every manufac- 
tory where die process is understood, the difference, 


except in little detaals, betwe^ the apparatus of to-day 
axul that of twenty years ago, is very jaxnall. Improve- 
ment aftor improvement, which have turned out to be 
rathea?. impediments, have been introduced, hod their 
short reign, and disappeared, only to be euoceeded by 
somethiDg else eqdally visionary. In fact, it would seem 
that the manufacture of sulphuric acid, though as exten- 
sively carried on as any busmess, yet seems to be the 
least understood; and the ignorance of some manu- 
facturers appears to be only equalled by that of writers 
who, in their descriptionB of the production of tliis acid, 
give figures of apparatus, and vaunt as improvements 
^iiigs which have been exploded for years. It is 
possible to find, in Uie works eminent men, drawings 
of sets of apparatus for the production of sulphmic 
acid, which n&oer could powibly have worked one day 
— some, in fact, could never have worked at all. 

Production of the StUphurotis Actf/#— This first step is 
effected by burning Uio sulphur iii a close room or oven. 


Fig. 673. Fiff. 67^. 



commonly called a Imrnor. This burner is simple j 
erection of britikwork, with an arched roof, as shown j 
in Figs. 573, 574, and 575. The size of the biirnci' , 
is regulated by that of tlic burner plaie or iron flooring, | 
and this latter by the quantity <»f sulphur proposed to | 
be burned during seven days. The burner plate in j 
tlio drawing is a rocUingular iron, measuring eight foot 
by four loot. Tliis burner plate is surrounded ivith a 
s eriical edge or border, standing about an inch high ; 
this border is at right angles to the plate on tliree 
sides, but on the fourth side, tlie one nearest to tlie j 
door, it inclines outwards at an angle of about forty -five 
degrees— this is for tlie more conveniently raking out 
of tlic residual diri and ashes loft after the combustion 


Flff- 576. 



of the sulphur. The door of this bumetr is simply tea 
iron plate, sliding in grooves in on iron framework, and 
is counterbatoced by a weight hanging at the end of a 
chain, which passes over pullios. 
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As will be seen in tlie figure, the iron plate does not 
form the \diole of the floor ; still tiiie sulphur is burned 
on it alone. The object of making iiie burner rather 
larger than the plate is to avoill^ as much as possible, 
all risk of sublimation. To this end, also, there is a 
constant current of air passing beneath the burner 
plates and up a small cltimney beside the burner. The 
opening through which the hot air escapes into this 
chimney is outlined in Fig. 576, below the burner plate. 
Four burners, such as this, with the burner plates of the 
size first mentioned, will easily convert into sulphurous 
acid one ton of sulphur per twenty-four hours. The 
quantity for each burner is divided into six portions, 
one of which m added every four hours. 

Burners or ovens have been eonstnicted of iron, 
sometimes with double sides, so as to include a sheet ' 
of air between &e two plates. By this means the 
biimers could be kept at almost any desired tempera- 
ture; an arrangoment could be made for causing a 
circulation of air if the burner should get too hot, or, 
on iho contrary, should tliey get too cold, this air 
could bo kept stagnant, and being a very bad conductor 
of heat, the burner would be allowed to rise to the 
desired temperature. It may be remarked here, that a 
bunier should bo kept so hot that each charge of 
sulphur, as thrown in, will ignite without any fire or 
licat being applied. 

Iron ovens or burners have, however, aimost dis- 
appeared, as they last a very short time. They gra- 
dually corrode, break into holes, and shortly become 
useless. 

Some years ago a patent w^as tiikon out for a burner, 
the peculiar feature of which was its economizing, and 
converting to a usefnl purpose, the heat given ofl' by the 
hiuning sulphur. The apparatus was very simple. 
It consisted of an ordinary two-flued steam boiler, for 
the usual fire-place of which was substituted a burner 
plate on which to bum sulphur. It was anticipated 
that by this means sufficient steam would be generated 
to supply the chambers. Whether it answered the 
desired end or not is not very clear ; but from tlie fact 
that none appear to be in operation, it may be inferred 
that, if in use at all, it is not generally successful. 
In fact it is very probable that tlm action of the acid 
gases upon it would speedily destroy it, as it does the 
iron burners. 

Contibusiion of Iron Pyrites, — Sulphur, per se^ is not 
the only source of sulphurous acid for sulphuric acid. 
Al)Out tlie year 1835 the then King of Sicily thought 
fit to impose such a heavy duty on all sulphur exported 
from his kingdom, that the price of tliis article rose to 
an unprecedented height. It is said that at tliis crisis 
Dr. Thomas Thomson proposed the emplcymcnt of 
the iron pyrites, with which different parts of -this 
kingdom abound, as a source of sulphur. Parkbu; 
states dmt Mr, ITii.l of Deptford was tlio first to 
* employ tlus mineral, for tlie use of which he took out 
a patent in 1818. Since that time pyrites lias come 
into very general use amongst one class of sulphuric 
acid manufactureTB. The great objection to the use 
of pyrites lies in its containing a considerable amount 
of arsenic. This renders the vitriol olgectionable for 
certain purposes, but tliis iznputity does not prevent 


its being tised by the alkali manufacttifefs. A manu-^ 
facturer of vitriol for sale would, were hd?to mie 
vei 7 likely have a quantity of his acid retumM i ter 
him, and ho woidd presently have to stop his manu^^ 
tory. Not so the soda manufacturer; he is his own 
vitriol oonsumer^he uses all tlie acid he makes for 
the decomposition of common salt in the first i^p of 
soda-making. In bis case the arsenic does not interfere 
in the least, it passes off as chlmide of arsenic— As Cla 
— with the hydrochloric acid and condenses into a 
liquid state with this latter body. Again^ most manu- 
facturers of soda are also manufactureTs of chloride of 
lime. In this case they use up their own hydrochloric 
acid, emplo 3 dng it ibr the production of chlorine, wbiloh 
is absorbed by hydrate lime, forming the bleaching 
powder of commerce. If a little tlie arsenic should 
pass over with the chlorine, it would be absorbed by 
the lime, forming an insoluble compound, arseniate of 
lime, which would fall out, with other useless matters, 
when the bleacher came to moke his solution. The 
greater portion of the arsenic would remain with tlie 
chloride of manganese, and as at present this is a use- 
less product ; it is run into the nearest gutter or sewer. 

The burning of pyrites is not quite so simple a 
matter os the buniing of sulphur, as a red heat is 
required. Two varieties of p;^uites are ordinarily mot 
with. One kind, of which la|go quantities are t5 be 
found in Wicklow, Ireland, and is imported into this 
country, to a considerable extent, for the use of sul- 
phuric acid manulacturers, has the crystalline form of 
a cube, and is of a bronze-yellow color, very hard, so 
much so as to strike fire wi^ steel. The following is 
the composition of a specimen," on tlio authority of 
It. D. Thomson — 


RuljJutr, 

Iron, 

Copper, 

Ar<ioiiic, 

Silica, 

Ziue, 

Insoluble inattcr, 


Canteolntnlly. 

. 47-41 
. 41-7S 
. 1-93 

. 2-11 
. 3-93 

. 2-00 
. 1-43 


Tills specimen is of a ranch richer kind than that 
usually obtained from this source. The proportion of 
sulphur very rarely exceeds thirty per cent This ore 
contains protosulphide of iron in considerable quantity. 
The other variety of pyrites occurs in coal beds, and, 
in fact, is commonly known as coal brasses, fragments 
and seams of this mineral, may often be seen in coal, 
and, from their metallic and brassy appearance, have 
often misled the ignorant into thinking them of much 
greater value than they really arc. According to the 
just quoted authority, they have the following com- 
position : — 

For cent. 


Sulphur,. 53*35 

Iron, 45*07 

Manganese, 0-70 

Silica, 0*80 

Loss,..,. *18 


100-00 

A variety of pyrites, known in the trade as Spanish 
pyrites, has of late been ranch employed. This is 
much richer in copper than the Wicklow species. 
On the introduction of this mineral, it was usual for 
the sulphuric odd manufactorer to engage to return the 
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spent nr burnt m|M:er]a}| for the purpose of having the 
co|qper extracted* 

^e, general foiling ol either varlefy) vphen foee from 
impiurity,' fo Fe B|, that ISy one equiv^nt of iron con^- 
bteed with two equivalents, of sulphur, the chemical 
name> this compound being bisulphide of rroiK 

This inkeral, when heated red hot, with scoeas of 
oxygen^ i^^eedSy loses the second equivalent of sulphur, 
being Teduced to a siinple or protoBalphido---Fe S--' 
the evolved sulphur being ccmvorted into sulpliurous 
acid. If these favorable conditions are continued for 
ft suffident length of tune^ the second equivalent also 
beoomea converted into sulphurous add, sesquioxide 
of iron remaining* The whok decompodtion may be 
represented as follows — 

a (Fo 8i) + It Osr^Fea Og + ISOg. 

Aft may be imagined, the ordinary burner^ as used for 
sulphur alone^ lately described, is not adapted to bum 
pyrites ; a bonier 6 f peculiar construction is required. 
The burner for this pmpose is, in general structure, 
not unlike a lime-kiln. In the case of burning sulphur 
itself,, the object is to spread a layer on a fiat plate, sq 
that, when fused and burning, it exposes a large surface 
for the current of air to sweep over ; this is necessary 
on account of the fusion of the sulpliur. But pyrites 
doesmot fuse except at a very high heat. The pieces 
retain their shape; and as it is imperative that they 
shall attain a red heat, it is mcQssstvy to burn them in 
such a manner that a mass of tliem can be kept together. 

The structure of a pyrites kiln is shown in Figs. 676 
and 677. In Fig. 677 the pyrites is shown as inclosed 
on two sides by two doping walls, the back and front 
walls being vertical. The mass of pjTites rests on 


iron bars in the same manner as an ordihaiy coal firo, 
the air rushes up from what, in the case of an ordinary 
furnace, would be the ash-pit, and wends its way 
through the orevioes and interstices of die mass to 
feed the combustion. Tlie sulphurons acid from tbc 
first kiln passes over the next in the direction of the 
arrows,, Uie gases from both flowing foto the gcoemi 
passage, a, leading to frie chamber. This gene^ 
passage is ofteh .made of a considerable length, usually 
of from thirty to forty feet This extreme lengfri ^ 


for the puipose of arresting, as much as poedble^the 
passage of atsenical vapors. The ftrseme Idling hr a 
fiohd etaAe is; removed from time te thwe; Fig. 676 is 
a view of one o£ these^kilne hxkmg in miother direo- 
iron, endwise; a is the charging throng which 
frwdi supplies of thcT mineral are thrown in at stated 
intervals. Thia door is kept closed, except for this 
purpose. At h another opening exists,^ but this is 
usually closed temporarily with bricks — it is only ooca-* 
inonUlly used. Sometimes the combustion goes on at 
a rate so rapid that tlie pyrites becomes fritted, or 
enters into a semifused state. Sometimes the whole 
mass gets fused together by its points of contacti In 
such a case the brick closure is removed for tlie purpose 
of introducing a crowbar, or other such instrument, in 
order to break up the mass or create massage through. 
The coal pyrites is much more Hal^ to this mishap 
tlian the Wicklow variety, partly on account of the 
bisulphide contained in it being actually rather more 
fusihle, and partly because tlie coal brasses contain a 
certain amount of bituminous matter, which, in burn- 
ing, raises the heat of the whole moss to a higher point 
than the Wicklow kind ever attains. The orifices, c 
and d, are those through which the sulphurous acid 
passes eitljor into the next kiln or into the general 
passage. 

It is not usual to see on isolated single pyrites kiln ; | 

there ore often a number at work. Two are placed | 

at the back of those shown in tlie drawing, forming | 

a solid square. TJjis answere a double puqioso — ^it 
economizes brick and iron, and conserves the heat. 

When commencing to burn, it is necessary to make 
a fire of coal or coke within the burners, having 
previously closed up the passage or entrance into the 
chamber, and opened one into the outer air. 
This fire beats up the sides, ef oeta^a, of the kiln, 
high enough to ignite the pyrites when thrown 
in. The first few charges gf pyrites are often 
mixed with coke to assist tlie combustion, until 
the whole mass has attained a rod heat througli- 
out. The carbonic acid resulting from this can 
do no harm. 

The residual mass left after burning, and 
which consists principally of aosquioxido of fron 
mixed with more or less protosuJphkle, was at 
one time ratlier an annoyance than of any 
value to the monufaotarer ; but at the present 
time many of them have erected furnaces for 
the express purpose of extracting the amaH per 
contage of copper whicli it contains. 

The quantity of sulphuric acid obtained from 
a given weight of pyrites of course cuemot be m 
much as from sulphur, inasmuch m 0 rite 0 ,t 
to take a general average, will not contain move than 
forty per cent, of sulphur ; as a rule, a oorre^oUding 
amount of sulphurio acid is not obtained from it. 
Much care and attention is required fo bum pyrites 
well. It is no uncommon thing to find, on Cxamming 
tile waste pyrites heap of a manufacturer, that a great 
quantity bos been removed little more than half 
burned* On breaking a lump a core or kernel <if 
raw mineral may often be found ; whereas well burned 
pyrites should ;aot eojutam m<Mre than two and a holi to 


Fig. 676. Fig. ri77. 
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three per cent, of sulphur. Any amount more than 
this is in fact so much material thrown a^ray. 

General Comtr&ctim of iJic Vitriol Charnher, — Hav- 
ing desorihed the preliminary steps, the Editor now 
passes on to the chambers themselves. These have 
undergoite many modifloatiorts. The chamber, as gener- 
ally conetruotod, is simply a large room with leaden 
walls. A portion of one is shown in Fig. 578. TJieso 
walls are generally formed of what is technically termed 
live-pound lead — that is, sheet lead weighing five pounds 


per square foot— which walls are held*' up Ify 
framework of wood, to which they are iwrtened by 
what are called straps. These straps are pie^^es of li^d, 
varying in number and sizo according to the dimen- 
sion of the Chamber. They are soldered or faetenod 
by one edge to the sheet or sheets of lead forming 
the chamber side. The outer edge is pulled out over 
the wooden cross bar, and there nailed as shown at a, 
Fig. 578. The joints of the sheets of lead forming the 
chamber were fonnerly soldered with ordinary solder ; 


Fiff. 67a 



j but this entailed a long series of annoyances in conse- 
(luence of tlio action of the acid on the solder. The 
chamber leaked peiT)otualiy, and great inconveniouco 
resulted. Eventually the expedient of welting was bit 
upon. This consisted in rolling the two edges of tlie 
shoots together and beating this flat ; but this nt last 
gave way to the method at present followed, richlicet, 
i fusing the two edges of the sheet together by ineanK 
of the oxyhydrogeii blowpipe. For tliis pnr]> 08 e an 
apparatus is constmcled which furnishes a constant 
and pretty strong current of hydrogen gas. This when 
mixed with a proper amount of atmospherical air pro- 
; jectod from a pair of bellows fiirnislies the blowpipe, 

! To use it the workman proceeds as follows : — He lays 
I the edges of the two sheets together as closely as pos- 
eible ; every particle of dirt and oxidized or tarnished 
surface is scraped off ; the flame is now applied in a 
peculiar manner, acquired by practice, and the two 
edges are joined together; thus making a solid joint of 
pure lead, as incapable of being acted upon as any part 
of the sheet. The plttrobers who undertake tlio erec- 
tion of these chambers arc able to join two sheets of 
lead together even when the joiiit is in a vertical 
direction; but as it is rather a dilTicult and tedious 
business, they contrive to do as much as possible of it 
in a horizontal direction. 

No rule can be given for the shape or dimensions of 
a chamber. Manufacturers are guided partly by con- 
' venionce, partly by the pfeo of the lead sheets procur- 
, able, and partly by a dosiw to have as much space as 

i VOT.. II, 


• 

possible included in tlio chambers with the least expen- 
diture of lead. It is with this view that many chambers 
of vast size, and in shape as near as possible a cube, 
are being built. Of course, the nearer a chamber 
approaches a cube in «ha])e, the more absolute chamber 
room is gained for the load expended. It is now 
becoming usual to build chambers of enormous size, 
with tho view of economizing lead. In order that a 
comparison may be drawn between the old mode of 
manufacturing sulphuric acid, and the way of proceed- 
ing at tho present time, some dimensions of chambers 
at present in wotk may be given ; but it is generally 
admitted that the best produce is obtained from a scries 
of small chambers, in which one would burn equal to 
a ton of sulphur per dienL 

Mr. SciiOLEFiEiJ), cliemical manufacturer, of Brad- 
ford, near Man(?hcBtor, possesses a chamber of tho 
following dimensions — seventy feet long, thirty-five 
feet wide, and thirfy^fivo feet high; thus possessing 
the enormous space of eighty-five thousand, seven 
hundred and fifty cubic feet. The same gentleman 
has also another largo chamber, rather less than tliis 
one. It is forty feet long, thirty-five feet wide, and 
twenty-five feet high. Mr. Spenc’e, also, of Newton 
Heath, alum manufacturer, has a fine chamber of tlie 
following dimensions : seventy-five feet long, forty feet 
wide, and forty feet high ; containing, of course, one 
hundred and twenty thousand cubic feet of internal 
space. 

,, These are not the only ones — clmtnbers of similar 
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dimetisiwjs are being built in many parts 
of Lancasbire; and at Flint, North Wales, at the 
gigantic factory of Muspratt Brothers and Htrwr- 
I 4 EY, chambets 4 re of the following dimonsiems : one 
hundred and %ty feet in length, twenty-four and a 
half feet wide', and nineteen and a half feet high ; the 
internal apace being Uioreforo, sixty-six thousand, ei^t 
hundred and eighty-five feet The above instances 
are ^gled out as illustrations of the chambers of the 
present day. 

It will bo easily understood that the siso of the 
chamber, or rather the chamber space, must boar some 
relation to the sulphur burned. Some manufacturers 
are more successful than others in this respect, being 
able to produce more vitriol in rather loss space than 
I others, probably owing to some variation in working. 
I In a Lancashire work, possessing chamber space to tlio 
extent of one hundred and twenty-four thousand, two 
hundred and sixty-eight cubic feet, they are able to 
convert eighteen tons of sulphur into sulphuric acid 
per seven days, the chambers being arranged in the 
form shown in Fig. 680, to bo referred to hereafter. 
It may bo well to notice, that when working with 
plenty of ebamber space less nitre is needed. The 
reason will be seen when the theory of the action in 
' the chamber has boon studied, 
j As a general illustraCion of the construction or prin- 
I ciple of a sulphuric acid chamber, it may be said to 
I resomble a bell-jar, as used in the ordinary manner 
i for gas exporirnents. In this case the bottom rcsom- 
I hies a largo square basin, into which the chamber 
I appears to have been inverted, like the before-men- 
tioned bell-jar in a saucer of water, ^’his fs shown in 
Fig. 678. The height of this basin edge, or turn-up, 
as it is technically termed, is about twelve inches. 
Into this, as in the figure, the side dips^ and a light 
, water Into joint is produced. By pushing the chamber 
j side a litUe inwards — as in Fig. 570 — from tlic turn-up, 


Fig. 679 



a space is formed in which tho shorter J(Jg of a siphon 
can bo put, for tho purpose of drawing oH Uio contents 
of the chamber as wanted. 

It is seddom that one single chamber fs worked 
by itself, at any work, unless it bo a very small one. 
The usual plan is to work a greater or loss number 
from one into anotlier. An arrangement is figured in 
Pa yen’s work, jn which some five chambers are repre- 
sented as forming a batter}''! the gases proceeding froiA 


<me to another through the whole series. But it is 
not usual to see mck a number oonneoted together. 
In this country, at least, tho number is often limited to 
two or throe chambers working into each other. This 
answers very well. A favorite arrangement is shown 
in Fig, 680, whicli represents three chambers con- 
nected together: The obamher, A, has one or two 


Fig. 680. 



burners attached to it; the same with chamber n. i 
The gases generated in tlicso ovens rise through a ! 
cast-iron stalk or chimney into A and n. The portions 
which escape condensation into ihc‘H 3 chambers, are 1 
conveyed through the passages shown in the drawing ! 
into c — the third cliamhcr. If au}' residue remains it 
passes witli the w^aste gases into the chimney, through | 
the tube at the end. i 

Theory of the Production of Sutjdiuric Acid . — Tho ; | 

production of sulphuric acid in the cliamhere is the ' 
result of a scries of rather complicated reactions. It j I 
was suflicieni for tho old marinfacturers to know, that 
certain bodies placed in certain relative positions pro- 
duced sulphuric acid ; but for tho present day tliis is 
not suflicient. Tho reactions of tho different gases and 
vapors on each other, have been rifpeatcdly studied, 
and much difference of opinion exists on this head. 

Tho reactions are very curious and interesting, the 
chief being the remarkable and useful property of the 
nitrous constituent of tho chamW gas — of acting as 
a carrier of oxygen to tlic sulphurous acid. Were 
nitric acid capable of yielding up at once the whole 
of it-s oxygen to the sulphurous acid, it would require 
eiglity-five parts of nitrate of soda to furnish nitric 
acid sufficient to oxidize the sriphurous acid produced 
from eighty parts of sulphur, so as to convert it 
into sulphuric acid. But in practice one hundred parts ^ 
of sulphur are converted into sulphuric acid with tho 
aid of from five to ten parts^ according to the way of 
working, of nitrate of soda. Tlus }s rather startling ; 
but chemists have traced out the fact, that though 
atmospheric oxygen is itself incapable of at once 
combining with sulphurous acid, eventually it is from 
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this source that the extra oxygen is supplied. The 
reaction may be studied on the small scale by the aid 
of the apparatus, Fig. 681, wMch may for the purpose 
be considered a sulphurio acid chaml^r in miniature, 
lliis apparatus oonsiets of a large Husk or balloon. In 


Big. 681 ., 



this tlic action is to go on, tlie flask is to furnish sul 
pliiirous acid, while tlio Woulfe’s bottle is for the pro- 
duction of nitric oxide by the action of nitric acid on 
slips of copper. Tubes from both these pieces of appa- 
ratus conduct the respective gasos into the largo globe, 
which globe has also two other tubes inserted through 
its perforated cork — one is for the piupo^e of intro- 
ducing atmospheric air, while the other is the exit pipe 
for the residual gases, ct edera. The apparatus is set 
to work in the following manner : — A small quantity 
of water is introduced into the large globe. This is 
turnod about until the sides have boon wetted. Copper 
turnings are placed in the two-necked bottle and in 
the liask, and the whole apparatus is fitted together as 
shown in the drawing. An ounce or two of strong 
sulphuric acid is now poured on to the turnings in the 
flask, and heat applied ; as explained under sulphurous 
acid, this gas begins to be evolved. Wlicii a steady 
stream begins to bo given off, a quantity of commercial 
nitric acid, diluted with about iialf its bulk of water, is 
poured into the Woulfk’s bottles through the tube 
funnel with which it is furnished, A stream of nitric 
oxide — NOj — begins to be evolved immediately. This, 
soon as it comes in contact with the air in the globe, 
takes up another equivalent of oxygen, becoming perox- 
ide of nitrogen — NO 4 , A reaction now ensues between 
this aud the sulphurous acid from the flask. The 
NO 4 combines with the SO 2 — ^sulphui ous acid — forming, 
it Is supposed, a compound having the following for- 
mula— NOj 2 (SO, 2 HO) — water being present; or to 
follow the decomposition — « 

NO4 -f 2 SO2 = NOa + 2 SO3. 

Tliia, added to another equivalent of sulphuric acid 
already fonncil, the product of a previous action, makes 
up the formula before given, This latter body makes 
its appearance as an icy crust ou the sides of the globe. 
Join one of the two open tubes on to a gas holder, or 
aspirator, and o^use a small current of air to be drawn ; 
or forced through, to replace the oxygen absorbwl by 
the nitric oxide— NOir; fcmovo this when done, and 
join 0 x 1 a small retort, or flask ooutaining boiling watery 


aud now drive ^ small jet of steam into the ballocm. 
Immediately the steam enters, the fsosM coating will 
xhclt ^off ^0 sides and deoompet^, streams of acid will* 
run down the sides of the globe, and the whole interioi 
will become filled with red fumes. If thought proper, 
the experiment can t^e re^ieated; it is only necessary 
to diTow in a fresh quantity of sulphurous acid. This 
will again decompose the peroxide of nittogon, forming 
the same compound as before — thus the experiment can 
be gone over several times. In this experiment, it is 
generally supposed that one has in miniaturo the 
action of a chamber; but this is scarcely the exact 
truth, inasmuch as the circumstances, though very 
nearly, are not quite the some as on the large scale; 
and daily experience teaches, that a small difference of 
circumstances will sometimeB produce a groat differ- 
ence in a reaction. In the vitriol chamber itself, nil 
ttio nocessaiy re-agents arc present at the same time, 
so that it is not unreasonable to suppose that some 
variation from the above described experiment may 
take place. 

Almost every chemist who has studied the subject, 
has taken a difierent view of the question ; though all 
appear to concur in supposing that tlio formation of 
I the crystalline compound precedes the formation of any 
sulpliuric acid. On this account most ingenious theo- 
ries have been broached, explanatory of the decompo- 
sition which ensues. All concur in the opinion that 
it ’s nitric oxide which is evolved when the crystals 
come in contact with the water. With a view to elu- 
cidate the subject, these crystals have been repeatedly 
aualyzod, but the analyses differ much. Dr. Thom- 
son gave their composition os — 3 SO 2 + 2 SO 3 + 
NO 4 -f- no — a scarcely probable combination. Dr, 
Henry again, from his examination, considered them 
to be composed of— 5 (SO, NO,) -|- 5 HO — a more 
likely supposition. The analysis of those crystals must 
always be a difficult matter. It is impossible to procure 
tliem absolutely pure ; and oven were they obtained 
pure, they are so veiy^ prone to decomposition, that it is 
almost as diflicult to keep them so for the puipose of 
analysis. 

The theory of the chamber reaction just given, and 
which first originated with Clement and Desormes, 
is the one held by many chemists, including Knapp, 
who gives it in his Technology} but there are others 
who hold that the decomposition and recomposition of 
nitric acid is an essential part of the chamber reac- 
tions. Amongst these latter may be named Pelicot, 
quoted by E. D. Thomson. Peligot considers that 
there are four phases in the process. The first is the 
mutual reaction of sulphurous acid and nitric acid, the 
products being sulphuric acid and peroxide of nitrogen 
— SO, -|- NO 5 = SO, -{- KO 4 . Two equivalents of 
this NO- combine, forming nitric acid and nitrous 
acid — 2 NO 4 = NO, -j- NO,. This nitrous acid again, 
under the influence of water, is decomposed into nitric 
acid and binaxide of nitrogen — 3 NO,=:NO,4"2 NO, — 
which two equivalents of binoxide of nitrogen unite with 
two equlvalonts of free oxygen, becoming once more 
peroxide of nitrogen, which eventually becomes nitric 
acid by a repetition of the last three decompositions just 
ttaced out. The nitric acid formed at these several 
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stages acta, of course^ exactly as in the first instance. 
Nitric acid is very , easily decomposed by sulphurous 
*acidM Tliis may |>6 illustrated by wetting tho interior 
of a belbjar with nitric acid, then placing it over a 
capsule burning sulphur, and setting on a tile or 
plate; ha a feW seconds tlie jar becomes filled with red 
fumes, the sulphuroijs acid having abstracted a por- 
tion of oxygen from the nitric acid, reducing it to 
peroxide of nitrogen. 

It has tlius been attempted to indicate a possible 
means of one portion of nitric acid or nitrous gas acting 
ad infinitum^ converting an almost endless quantity of 
sulphurous acid into sulphuric acid, without being itself 
diminished. Notwithstanding the amount of study 
and labor bestowed on this (luestion, it is doubtful 
whether chemists have arrived at more than an aj^prox- 
imation to the acbial reaction in the chamber. When 
the very changeable nature of all tho bodies wliich 
there react upon each oUier is considered, one can 
scarcely hope to attain the actual tnith. The expluiia- 
tions just given of the formation of sulphuric acid, though 
doubtless such as take place, are probably only two of 
many; it is likely tliat a variation in the action of these 
bodies on each otlier is pcrpetimlJy taking place, as tliere 
is a deficiency or an excess of nitrous gas, more or 
loss steam, a greater or less quantity of atmospheric 
air present, a higher or' lower temperature, and many 
other causes may vary these changes; yet one has a 
tolerably clear view of the general mode of action. Jl 
is a general and wide-spread opinion, tliat the forma- 
tion of the crystalline body invariably accompanies tJie 
formation o£ sulphuric acid; whereas in practice its 
appearance is only accidental. That tliese crystals 
should be constantly formed under the ordinary work- 
ing condition of the chamber is almost impossible, when 
their great instability when in contact with water is con- 
sidered, and, tts in the atmosphere of a chumbur properly 
worked, a groat amount of aqueous vapor always exists, 
their formation is not very probable; for one can scarcely 
imagine tliafc a body can be produced under such circum- 
stances, that, were tho same body ready formed to be 
so placed, it would be decomposed. Still, these expla- 
nations serve to show how it is possible for a small 
quantity of nitric acid or nitrous gas to convert a Ifirge 
quantity ot sulphurous into sulphuric acid, acting as a 
carrier between tlio oxygen of tho chamber and tlic 
snlphuroiis acid, constantly taking from one and imme- 
diately delivering up its plunder to the other, in 
order to understand the extent of tliis action, a pre- 
vious Btatoment must be remembered of the amount 
of sulphuric acid wliich a given weight of nitre could 
produce, were its oxidizing powers limited to tho 
oxygen contained within itself. It is only from this 
view that thh beauty of the chamber reaction is seen ; 
and perhaps no other metamorphosis is, when looked 
at in a scientific point of view, so beautiful. U is tho 
hinge and turning-point of the whole manufacture ; for 
were it not possible to produce such a large amoimt 
of vitriol with the expenditure of such a small quantity 
of the moat expensive ingredient, the commercial value 
of vitriol would ot course be proportionally higher; 
and as tliis acid is the starting-point of almost every 
Other chemical salt or body manufactured, these various 


salts, €t cetera^ could not be produced nearly so olieaply 
as at present. As a result of this, <lie value of all 
printed and dyed goods would be considerably en- 
hanced, and would lie placed out of the reach of many, 
or at least not easily attained. On tho cheapness of 
this class of articles also, industry in many places depends ; 
so that one may trace much of the trade and prosperity 
of the country to this beautiful, if not very simple 
reaction ; for though it is possible to produce sulphuiic 
acid without the intervention of nitric acid, none of 
tlie methods which have been proposed for the purpose, 
have gone much further tlian a laboratory experiment. 

In a later portion of this article some of these methods 
will bo given. 

Having now followed the tlieory of vitriol-making 
on an experimental scale, the subject next to be con- 
sidered is the actual manufacture in tlie chambers 
TJie construction, et ceteroy of lliCHe, and their various 
ap[)nrtenaru;es, has been already noticed. Tlio cham- 
ber arrangement deHcril)ed previously — Fig. 578 — has 
two burners to each chamber ; that is, to eacli of 
tlio chambers, A and u. The mode of working these 
burners is sucli that a constant stream of gas i.s sent 
into tlie cJiambers. In order to olfect this tho hurucj’s 
are charged alternately. Thus, if the two burners 
attached to adiarnher bo designated A and n, they arc 
charged at the following hours; — 

Burner a, Buniur n 

Charged at S a.m. .... (Muvrged at 8 a.m. 

“ 10 A-M. ... “ 12 noon, 

“ 2 r.M “ 4rX\M. 

The same jiroceedings are gone through wdtli respect 
to the other two burners. i)y this mode of charging 
alternately, it is 8iippos<'d that as llie combustion in 
one burner loses in intensity the oilier iiiercases, and ! 
vice versa; so that a stream of eciiml volume, or nearly | 
so, is k(*pt up during tho whole time. I , 

'rijo burners are charged at the above intervals I 
with a wciglied or measured quantity of fiul[dmr. 

The workman lifts the sliding door, and throws in (lie 
charge. Previously to this he inspects the state of the ) 
chambers, to enable him to judge what quantity of nitrate 
of soda he sliall decompose simultaneously witli tho 
comhiibtion of the sulphur, lie puts as much niti’c ns | 
lie thinks necessary into one, two, or more hernispheri- | 

(;al iron vessels, or cups, technically termed nitre pots. ! 
Iinriicdiatoly he has thrown in tlio sulphur, lio closes j 
the door to prevent the escape of gas; he then pro- j 
coeds to add to each pot already containing nitro, as i 
much sulphuric acid — from a vessel placed for convo- 
nietice near the burner-— as he considers nccossary. 

This is not a nice or exact operation, the chief point 
being to add rather an excess of this acid, so as to 
insure the total decomposition of the salt, leaving a 
bisulphate of soda, or a mixtui oof neutral sulphate and 
bisulphate. When these pots are charged, tho door' 
is again opened, and tlie workman in charge lifts tho 
pots by means of an iron hook, constructed for the pur- 
pose, and places them in tho burnei’, in the midst of the 
now partially ignited sulphur. After a while tho sulphur 
is iq a gradually advancing slate of tliorough combus- 
tion, and considerable boat is evolved, whitli, acting 
on tho nitre pots, causes the complete decomposition of 
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their contents; the nitric acid is given off, and passes 
BimnltanoaUBly with the sulphurous acid into the cham^ 
ben A method common on the Continent, but rarely 
now, if over, practised here, is the employment of 
.strong * liquid nitnc acid, contained in basins, and 
placed inside tlie chamber at different parts on glass 
and porcelain triangles. Prefixed to the working 
chamber is another small one, through which the whole 
of the sulphurous acid has to pass, wliile iu it are placed 
a number of earthenware dishes, containing nitric acid, 
Iti some instances tlxey are not exactly dishes, but pieces 
of earthenware apparatus, constructed for tlxo purpose, 
over which nitric acid is trickled in a slow stream. In 
either case the object is to expose as largo a surface 
of jiitric acid to the action of the sulphurous acid as 
j)()ssible. Tlxeso two bodies, reacting on each other, 
pro<hice gases which are carried forwanl to tlio working 
chamber. A rather peculiar arraiigemcnt is ncces- 
sai ily em])l()ycd in Order to got the nitric acid into the 
trays. TJiis consists usually of a number of glass 
siphons, sot into carboys of the nitric acid. Theser 
siphons convey tlio nitric acid into another glass a])pa- 
ratas, of which a bcll-jar forms a part; tlio object of 
the whole boing the conveyance of the nitric acid info 
the interior of thei^liambcr without allowing any gas to 
cscajio. The whole affair is hy no means simple, and 
would scarcely suit the manner of working in this 
country, as, from its cousin ictioii, it must bo very liable 
to dorangcmeiit or destruction. Apart from this, it is 
not very evident what advantage is to ho gained by 
Using tlio nitric acid arrangement. In the first place, 
there is all the loss from escape, et cetera^ incident to 
the manufacture of nitric acid, as well as Uie cost for 
labor, et cetera ; while, by decomposing the nitrate in 
the burner, this are economized. Nothing can escape 
uncondenaed, us in making the nitric acid every particle 
of vapor must pass into the cliamhcr. The com- 
bustion of the sulphur ailbrds the necessary heat, whili* 
tho same labor sufluics. On the other hand, it would 
appear at first siglit that by this rnothod the amount of 
nitrous gas necessary for tho chanxber could ho more 
nicely regulated; hut, on consideration, this advantage 
appeal's doubtful, for Uioro would be a difference in the 
quantity passed Uirough, according as tho carboys were 
full, or otherwise, and tho taps could, by a little care- 
lessness of the workman, be left running when there 
was no occasion for them. Such occurrences have 
taken place to tho destniction of the sides of tlie 
chamber. 

The only part of the nitre system, if it raivy be so 
termed, which appears open to objection, or which may 
be cavilled at, is the contact of tho nitric and sulphurous 
acids at a high temperature, and in consequence the 
possible decomposition of the nitric acid either into 
nitrous oxide or nitrogen, both totally inactive, and for 
the required pur^ioso wholly useless gases. That such 
a circumstauce has taken place is inferred from a fact 
which occurred in actual practice. A set of burners 
were worked to their utmost consumption ; they beciunc' 
very hot, and required much more nitrate to keep tlie 
chamber in proper working order than previously^ It 
would be difficult, in fact almost impossible, to prove 
the truth of such an opinion; but, nevertheless, it is 


possible, and from the above incident ptobaMe ; but if, 
for the sake of argument, the truth of this ^Opinion be 
admitted, this appears, as far as practice* goes, to be 
tlie only objection to this method of supplying idtmuB 
gas to the chambers. 

A Continental chemist, who employed the nitric acid 
process, saw the nitre process ^during a visit to tlxis 
country, and on his return substituted it for the one 
ho was previously employing ; by so doing, be effected 
a saving of one-third of his nitrate of soda. This 
result could not have been obtained there had not 
been some gross error or carelessness in, the mode of 
working by nitric acid. It is possible that little care 
was exercised in tlie manner of working, and that, on 
employing a fresh pmeess, more attention was directed 
to the subject ; in either caifee the person was perfectly 
satisfied with respect to the advantages of working by 
the English method. 

As before stated, however, tlio heat of the burn- 
ing sulphur effectually drives off the whole of tlie nitric 
aeid of the nitrates in the x>ots, leaving sulphate of soda. 
The nitric acid as soon as evolved comes in contact with 
the su]{>huroiis acid from the burning sulphur, and is 
instantly decomposed by” it; often, on lookinginto the 
ovens or burners, the whole of the upper portion ajlpears 
filled with niddy fumes. These, together with the sul- 
phurous acid, pass up the stalk’ or chimney which coii- 
vcYS them into tho chamber, there to react further upon 
each otlior, so os to produce sulphuric acid, 

Tt has been attempted to bo shown by tbo detail 
of the reactions on a small scale that, theoretically, one 
portion of nitrous gas is capable of converting sul- 
I)hurous into sulphuric acid almost indefinitely, were it 
not that certain practical difficulties intervene ; for 
instance, it must bo apparent to the student of these 
experiments, tliat although owe portion of nitrous gas 
can go on continually carrying the oxygen of the cham- 
ber to the 8ul])hnrou8 acid, yet this action must necos- 
Rurily stop when the oxygen is exhausted. And this 
is possible, for were a oIoko chamber taken, containing 
a limited portion of oxygen with tho requisite nitrous 
gas, and the operator kept on introducing sulphurous 
acid, it would be found, on testing from time to time, 
that the quantity of oxygon was slowly diminishing, and 
that at length it had disappeared altogether. 

This could easily have been the case with one of 
Dr. Roebuck’s close chambers, worked on the inter- 
mittent system. To supply this, it is usual at the pre- 
sent day to admit such a constant current of air, tliat 
there is sufficient to supply a stream" of oxygen over 
and above what is requisite for the combustion' of the 
sulphur; this finds its way into tho chamber, there to 
cflect tho necessary change. This oxygen becomes 
gradually appropriated by the sulphurous acid, as the 
current of gas keeps slowly moving towards the exit 
with a regular and constant motion ; and as this appro- 
priation never ceases, necessarily the gases on passing 
out must get poorer in oxygen in tho ratio of their 
nearness to the exit pipe. And tliis is found to be the 
case, ftir if a portion of^tlxe gases from this spot arc 
collected, and the slight amount of sulphuroV acid and 
nitric gases removed, the quantity of oxygen in tlie resi- 
due will be found to be considerably lees than in com- 
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nwm air. Tbs qtiatHity found differs even in the same 
manufactory) as no rale controlling the quantity of air 
to be admitted mdsts. In fact, it is oonsiderod advan* 
tagoous to diminish it as much as possible, so as not to 
take up the space of the chamber yrith a useless super* 
abondanoeef htr. But whether this is judicious or not 
ie matter of opinion ; Jiowever, the reader is requested 
to bei^ in mind that^ as before shown, the nitrous gas 
riches the exit pipe unimpaired, and passes out with 
the residual nitrogen, excess of air, carbonic acid, and 
otiior matters. This is particularly mentioned, as tliis 
part of the subject will be again referred to, with resi)ect 
to the method now in pretty general use for the recovery 
of this nitrous gas, and its roplaoement in the cham* 
bors, in order again to commence its labor. Tliis 
invention of GAY*LuflBAC*S is the only improvement 
of any consequence which has appeared in connection 
with the manufacture of sulphuric acid for some years ; 
in fact it leaves little to bo desired, except the discovery 
of a material of which to construct the chambers, 
which, unlike lead, win be indestructible, or at least 
unacted upon by any of the bodies to the -action of 
which it will be exposed; although, as will be seen 
in a later portion of this modbgmph, this problem has 
been attempted to be solved, its solution has not as 
yet been successfully accomplished. 

Notwithstanding the*humbcr of years that sulphuric 
acid has been, it may be said, a staple manufacture 
of England, and so much opportunity has existed 
for studying this process, much misconception as to the 
trno action of chambers exists. The forms, shapes, 
and other matters in connection with them which have 
been proposed and built almost exceeds beliof-^their 
name is legion ; but the prevailing idea, which appears 
to have actuated many Inventors of tliese ingenious 
constructions, appears to have been, that tlie action of 
condensation in a chamber was simply that of a distil- 
lation process ; that as the vapor from a boiling liquid 
in a still or retort condenses on tlie cold surface of the 
worm or other refrigerating apparatus, so with a sul- 
phuric acid chamber, the cold walls condensed the acid 
vapor contained inside. Evidently, with this idea in 
view, chambers have been built resembling flues; these, 
having a laige surface of cold lead, were supposed to 
favor the production of the acid by condensing it im- 
mediately hn Its formation. It is related that a clever 
chemist across the channel constructed a most novel 
sulphuric acid ap{>aTaiaB. It consisted of an almost 
fabulous length of lead tube coiled round and round an 
apartment like a gigantic still worm ; that sulphurous 
acid and nitrous gas were introduced at the liiglicfit 
end ; these reacted on each oilier, the sulphuric acid 
when formed passing the whole length of the tube, a ! 
constant stream issuing from the other end. 

It wag not stated what length of timo this system 
continued, but eeriamly on the face of it not long. 

It is no uncommon thing to find long lead flues 
attached to the chamber, for the purpose of carrying 
off the residual vapors to the chimney. These fiues 
invariably.take a most circuitous course, many times j 
longer than the direct route ; and as frefjuently there 
is no obstacle or other such reason why the flue should 
not follow the most direct line, one is inclined to 


inquire why this latter course was not adopted. If tho 
question were put, tho answer would probably be that 
a steam jet is introduced at the end of this tunnel 
nearest the chamber from which it issues, and that tills 
length of fine, with the aid of the steam, is expected 
to condense any vapors not condensed in the cham*' 
bers. If the product dropping out at the end of this 
fiuo be examined) it will very probably be found to 
be BO weak as to be scarcely worth the coals required 
to concentrate it. 

Let tlio true state of tho case be olamined* Is it 
absolutely necessary that tliere should be a surface for 
condensation ? Is this necessary in all cases, natural 
and otherwise ? Does tho rain cloud, which, perhaps, 
ill ono half hour will come down in the sliapo of a 
gjtioavy shower, require surface for condensation. If 
it did, possibly rain would be more manageable ; but 
this watery vapor needs no cold surface ; it condenses 
into water, losing the vaporous and assuming the fluid 
state, without any assisting cold surface. And if this 
tain cloud bo capable of so eonJensing, is it not 
possible for the like physical reaction to take place 
within a vitriol chamber? But further. Is it not 
probable, or rather certain, that the sulphuric acid in 
tho chambers never was in tho sMd of vai)or. Sul- 
phuric acid requires a heat of 620’‘ to conveit it 
into vapor. The higliost point of heat a chamber 
could attain could bo no approach to iliis ; probably 
the heat of a chamber will not exceed 212'" in tho 
hottest part where tho gas enters. Is it not possible 
that every atom of sulpliuric acid produced passes from j 
sulphurous acid gas to liquid sulphuric acid at ot;co tho i 
instant it is formed— that the chamber is filled with 
myriads of these newly-formed particle^! — that these 
float about, and, like globules of runuiug mercury, they | 
gradually coalesce with each other, until they at last | 
form a particle like a rain drop, sufliciontly lieavy to j 
resist tho sweeping inllucnco 6f the currents which exist 
in the cliumber ; and that, finally, this drop falls into 
the acid on tlio floor of the chamber. Although it is 
impossible to see the process, and so prove tho truth of 
this oijinioir; a very good infei‘enoo of its justness may 
l>e drawn from aq experiment which was tried on a 
chamber. A strip of lead about three inches wide 
was attached to ilie inner side of a chamber, in such a 
manner that it resembled a gutter or spout in an inclined 
position, one side of this gutter being formed by tho 
chamber side, the other by the strip. Tliis was placed 
about from two to throe feet above the surface of the 
acid ill the chamber, and was about nine feet long. In 
consequence of tliis position, tho whole of the acid which 
formed or coiKlonsed on tliat side of tho chamber above 
the strip would flow along it, and be carried by a small 
tul>e passing through tho wall of tlie chamber into a 
vessel placed on the outside to receive it* 

If the liquefication of the acid took place almost 
wholly on the side of the vitriol chambers, a pretty 
rapid current of acid must have flowed along this 
arrangement, but this was^iot tho case; instead of, as 
might have been expected, a constant stream pasaug 
along it, nothing more than isolated drops issued, pro* 
bably at the rate of six drops per minute, ah utterly 
insignificant quantity, wdien compared with the amount 
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of aoid wbidi must have beenfetmed withiti the 6pace 
over ‘which this strii^ hisid the ootntnaud. 

In fact any observant manufhctnrer moat, after a 
little attention to the enhject; eome to the conclaaion 
that Buoh is llie case; that oondenswtioii goaroiMyhiefly 
within the space of the chamber, although a small 
portion may condense on the walls ; for VHien the acid 
particles are floating about in the chamber — driven 
liither and thither by tlie various currents which must 
exist—somo must become attached to the sides and flow 
down into the acid already at the bottom, adding to the 
amount already formed. But the argument remains 
that all the acid is not tu*ought to the liquid state by 
this means; that, in fact, llie quantity thus formed 
bears a very small relation to the whole. 

To many this will be already palpable, but evidently 
not to all, inasmuch as these strange abortions Hr 
chambers are not by any means as yet extinct, but still 
remain a testimony to the igrjorance of many of our 
manufacturers. It must be apparent, that if anything 
more than the usual average amount escapee from the 
chambers, either they arc badly worked or overworked. 
If the first should be the case, more attention must bo 
directed to them to find out the error. If the second 
suggestion be coiToct, then, as the chambers have more 
material introduc^bd into tljem than they can properly 
work, the amount of sulphur usually burned must bo 
decreased, until the maximum amount which can be 
burned with a beneficial result is found. It needs little 
argument to prove, that the working space included in 
a tunnel could have been included in the chamber at 
much less expense. 

Tlie introduction of steam into the chambers has 
been already mentioned. Previously to the use of 
this reagent, the water on the floor of the chamber 
! had all the \vork to do ; every paiticlo of the sulphuric 
I acid and nitrons compound was compelled to pass in 
I to the water from wdiatcyer portion of the chamber it 
I was formed in order to be decomposed. The interior 
of one of Dr. Eoebtjck’S chambers, or any other 
chamber worked in the same manner, while in action 
would have been a pretty sight ; the reactions must 
have taken place consecutively, as described in a pre- 
ceding portion of tiiis article when treating of the 
[ theory of the process. Every particle of sulphuric 
acid formed must previouslj^ have passed through the 
solid crystalline stage. The interior walls of the cham- 
ber must have been each time more or less coated and 
incrusted with the beautiful snow-like crj^stals, while 
the whole interior of the chamber must have resembled 
j a snow-storm hi an amber-colored atmosphere. The 
I first manufacturer who introduced steam into his cham- 
bers did but exchange a beauty ho could not see for a 
solid reality ho could well appreciate. Tie introduced 
a moelr beautiful invention, which not only increased 
tho production in llie same chamber-space, but alto- 
. geiher siinplifiod the opemtion. Instead of, as before, 
each equivalent of the double compound waiting to 
fall down into the cold liquid which covered tlie floor 
of tlic chamber in order to be decomposed, leaving, 
probably, a large per centage of tho nitrous constituent 
liebind ; tlm bodies now never assume the solid state 
but on extraordinary occasions, and then only through 


neglect. The whole of the reactions take pboe in a 
warm atoosphere, where everything 
to the intended purpose. v, 

Sulphurie acid, when tolerably eonoentrated, Ima 
tendency to cotnhitie withidtrouB aoid, forming a 
nite compound to be treated of hereafter; hut unless 
the acid be eoncentratedt more so, in foot, than it is 
usually fbimd in chambers, this, compound is very .un- 
stable in die ^oid ; beat it and the nitrous contstiiueni 
flies eC 

Xn a clmmbej worked on the plan a great 
quantity of nitrous gas must have remained in the 
vitriol, causing a great loss Of this b(%-?4ho most 
expensive material the manufacturer employs. On tho 
coritraty, in the chambers of the present day, each 
particle of acid as formed must, if sufficient stoanr be 
present, bo of such a density or strength and tempera- 
ture as to be inca]>Bble of oariying down, and thus 
removing from its proper sphere of action, any of the 
nitrous bodies present* Again, in the old plan d work- 
ing, Uie nitrous gas was only liberated at the surface of 
tho liquid at the bottom of the chamber. Now, per- 
oxide of nitrogen — NO4 — ^tlie body into which the 
nitrous gas would become changed the moment after 
its liberation, coming in contact with the oxj^gen in tlie 
chamber, is a heavy gas, heavier than common air. It 
can be floated about and poured from vessel to veseel 
like carbonic acid. Tliis then, on its being set free, 
would float about on the surface of the liquid, running 
llie iisk of being rapidly absorbed; wiicreas its sphere of 
action lies amongst the lighter sulphurous arid, on tho 
I upper portion of tJio chamber, to which point tiiis KOi 
could only be conveyed by diffusion, or bo carried up 
by getting entangled with tho upward stream of gases 
emanating from the tube which couducts the sulphur- 
ous acid into the chamber. In the preset system, 
whenever a particle of this peroxide or qiiadroxide of 
nitrogen meets one of sulphurous acid a reaction com- 
mences. Now there is no necessity for a descent to 
the bottom of tho chamber; water, in the sha))e of 
vapor, pervades every part of the chamber; and as 
quickly as the crystalline combination forms, if it does 
form under these circumstances, it is as quickly decom- 
posed. The resulting sulphuric acid falls, but tho 
nitrous gas forma a second combination, and is tbcu 
again ready to j*»erfonn its purpose J;he moment it comes 
ill contact with another particle of sulptorous acid. 
When carefully considered, it will l>e understood that 
it is npt too much to call the introduction of steam into 
tlie chamber a great invention. It is not difficult to 
imagine how slow the process must have been in the 
old chambers when compared with the rate at which 
it proceeds now, and what euormotis advantages manu- 
facturers at tho present day are possessed of over tiieir 
predecessors. 

Much difference of opinion exists as to the proper 
density at which Ihe acid should be kept in the cham- 
ber, or rather what is the maximum density to which 
it ma^r bo allowed to rise? All manufacturers are 
aware that it is to their interest to keep up ihe sfrength 
of the acid in tiie chamber to the highest pphit possible, 
for by so doing there is a saving of fuel in the concim- 
tration, A writer has lately stated, on tha authority 
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of 4111 eminejit maHufacturer, that it ie impossible to 
keep tlie vitriol firee from oitrous gw if a density of 
1’45 or 90 degrees. Twaddell ia exceeded; while 
again in Tfchnolog^ it is stated, that the 

maximum ^density of 1^585, or about 112® Twaddell, 
should not be exoeod^. A considerable margin exists 
between the two statements, but in suoh matters as 
these, whkh are not found capable of absolute and 
precise proof, the only course to be pursued is to take 
for a guide a near approximation to some recognised 
authority, or perhaps better, to be guided by the result 
of practice, A set of chambers now atyrork are kept 
at a general strength of from 110® to 112® Twaddell, 
It is not observed that more than a trace of nitrous 
gas is absorbed, except occasionally, and tlicse instances 
may invariably be traced to either a slackening or a 
total cessation of tlie current of steam, either from the 
carelessness of the workman or by accident. In eitlier 
case the pressure of steam has bocomo so low that 
little or no watery vapor is being thrown in. rerhaps 
there is no .manufacturer who has not at intervals found 
his chamber acid so highly charged with nitrous gas as 
to slightly effervesce when poured with violence from 
one ATSsel to another ; in fact, it is not an extremely I 
rare occurrence, under some circumstances, to find it 
perfectly green, from holding a large quantity of per- 
oxide of nitrogen in solution. If, when this takes 
place, strict inquiry be inado, it will 1)6 found, that such 
a state of things results from the chamber having been 
left for some time, possibly for hours, without steam. 
'I'his point is worthy the manufacturer’s attention, as it 
largely concerns his profits. The chambers, as at 
present constructed and worked, are not calcukted to 
work on tlie old plan. As lias been stated before, the 
steam materially qiiiqkens the process, and is the means 
of much more acid being made in a chamber than 
could be made were it worked on Ibe old plan. When 
without steam, the excess which the chuinhcr is not 
able to convert must pass up the chimD(3y, being a loss 
of its value as well as risk of nuisance or damage. And 
not only does tliis occur, but nearly all the nitrous gas 
which is dissolved in the vitriol flies ofi when it be- 
comes hot in^ihe concentrating pan, to no pnrposo hut 
to annoy the workman and surrounding neighborhood. 
Such a state of things is not an imaginary case, hut a 
fact, as nearly every vitriol-maker cau testify, and that 
to his material cost. 

Payen gives method for economizing this nitrous 
gas passing from tlie chamber dissolved in the vitriol. 
This he proposes to do by passing a stream of sulpliu- 
roue acid over die surface of the vitriol while being 
concontrakd ; the sulphurous acid liberates any 
nitrous gas or decomposes any nitrous compound, and 
becoming mixed up and absorbed into this sulphurous 
stream, is carried into the chamber. The apparatus 
for effecting this purpose, though ingonious, renders 
the process of concentration too complicated, in fact, 
leaving a doubt whether the economy effected by its 
use is not more than balanced by the inconr^ience 
entailed by its employment Most manufacturers have 
a very wholesome fear of what is called a break down, 
and the general want of stability which this apparatus 
appears lo hayo is not likely to make it a favorite. 


^ T/ie Eecmefry Gas , — The reader will 

no doubt have borne in muid^ that whilst tracing 
out 4 be reaction of the chamber it was possible to 
follow the sulphurous acid until it was rcompletely con- 
verted^ into sulphiiric acid, and that during pro- 
cess the whole of the free oxygen of the chamber may 
become exhausted, but that, nevertheless, the nitrous 
gas still remains the same. This gas does not enter 
into, neither does it give up, any essential part of 
itself to the vitriol ; its removal is only on account of 
its passing off with the current of useless nitrogen 
and otlier gases, and when removed it still possesses 
all its active properties, but diluted and incommoded 
with a quantity of gas of no value. Many have been 
the attempts to prevent ibis loss, and to bring this 
nitrous gas back into a useable form, and tliis idea has 
jlprmed the principal feature in many patented improved 
methods of manufacturing vitriol. Perhaps the most 
successful worker in this direction was Gay-Lussac, 
the celebrated French chemist. His process, which 
was patented in this country, is at present in use in 
several works, and is found to be perfectly practicable, 
and to answer well the desired end. 

In order that the reader may have a clear general idea 
of the invention, it is necessary to draw on the imagin- 
ation a little. Let it be supposed j)ossiblc to construct 
a filter thit>ugh which to pass the unaltered air — nitro- 
gen, trace of Hulidjurous acid, and nitrous gas — which 
iorms the current constantly passing from a chamber riot 
this filter have the properly of retaining the last-men- 
tioned gas, and of letting all the others pass on to the 
chimney. When suiTicient material has been collected 
on this filter, lot it bo possible to remove tliis retained 
material and to introduce it into tlie chamber again, 
there to renew its former labours, and a view is 
obtained of Gay-LuS8AC’s invention. It lias been 
shown that sulphuric acid, when tolerably strong, pos- 
sesses the power of absorbing, retaining, or uniting with 
certain of the lower oxides of'niU’ogen. Most if not all 
works on chemistry treat more or less of these combi- 
nations, although not much appears to bo known about 
them. Gay-Lussac studied them to a considerable 
extent, and porbups gave the most just account of 
them ; to tliis study manufacturers are doubtless in- 
debted for the invention. The formulce of these com- 
pounds are given very diflerently, arising no doubt 
from the difficulty of separating tlie diflerent coinbina- 
tions formed, and then of analyzing them. But they 
apptiar lo bo generally considered as compounds of one, 
fw^o, or more atoms or equivalents of sulphuric acid and 
nitrons acid, NOj. Some view them as compounds of 
bulphuric acid and peroxide of nitmgen, KO 4 . But 
whatever the composition, it is certain that jieroxido 
of nitrogen forced into, or rather passed through strong 
sulphuric acid, is retained by this acid, And the 
body in question is formed. This is the princixde (»f 
the process. It may be performed in miniature as 
follows ; — First, fill a potossa bulb apparatus, ork 
small Woulpe’s bottle with strong sulphuric acid— 
this is for the absorption— connect this with another 
Woulfe’s bottle containing copper turnings; let a 
safely or 4 ube funnel bo put through a cork in the 
second neck of this bottle, the other neck being con- 
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nected by a shbrt length of tdbe teiOi the aboorbiog 
bottle, which also must have two orifices,; one of which 
is to receive a short letifgth of tobe leading from the 
bottle just described to the bottom or lower portion of 
the ST^uric acid. The second neck must be con^ 
nected^^th a suitable aspirator gas-holder. When aH 
is complete, pour a# litUe diluted nitric acid through 
the funnel on to the copper clippings, having previously 
set the aspirator at work, drawing a stream of air 
down the funnel and through tlie sulphuric acid; after a 
while, when the action appears to diminish in inteasity, 
pour on a little more nitric acid, still keeping the aspi- 
rator at work, drawing the whole current of gases through 
the sulphuric acid. This must bo kept on until the sul- 
phuric acid appears to be becoming saturated ; this is 
indicated by red fumes passing tlirough in quantity. 
The apparatus may now bo disconnected. Tli# 
rationale, which has boon partly described before, is 
simple. The nitric acid acting upon the copper pro- 
dtices nitric oxide, NOj. This, immedi^itely on coming 
in contact with the oxygon of the current of air which 
is passing through, becoroca converted into peroxide 
of nitrogen, and this is absorbed by the sulphuric 
acid, forniing a compound with nitrous acid, another 
with nitric acid, being formed at the same time probably 
as follows 

2 N 04 = N0a-f NOa. 

In this experiment tlie imaginary filtration has been 
really offectod. Excess of air, nitrogen, et cetera, have 
passed on while the nitrous compound has been 
I'ctainod ; thus one-half the problem is solved. When 
the apparatus has been disconnected, empty the bulb 
aj^paratus or bottle, ns the case may be, into a con- 
venionf'glass vessel, and pour into a beakor glass 
a volume of hot water, twice the bulk of the nitrous 
vitriol; pour this nitrous vitriol slowly into this hot 
water — a copious evolution of nitrous gas will ensue ; 
in fact, if nearly boilit)g water be employed, almost all 
the nitrous gas absorbed will be again given off; a 
small portion will remain, having fonued nitric acid 
as follows, supposing tlie liquid to be a compound of 
Bulpliuric acid and nitrous acid : — 

3N03 = N05-1-2N03. 

This NOj becomes peroxide of nitrogen in contact with 
the air. The above reaction has been given before in 
connection witli the chamber reaction, but stiD it is 
scarcely out of place. 

This exp^iriment then is exactly a representation on 
an experimental scale of Gay-Lussac’s invention. 
Bulpliuric acid forms his filter, by which he separates 
the valuable nitrous gas from its useless companions, 
although not exactly in the manner just given, j 
Columns for the condensation of gases arc well known I 
pieces of apparatus in all chomical works. They arc 
ufiipally tall holldw towers, constructed, according to the 
purpose for which they are to be used, of stone or lead. 
They are filled with pieces or lumps of any suitable 
material which offers a large surface, and at the same 
time are not acted upon by the acids or acid gases, or 
other oorrosivo substances with which they have to 
come in contact. Coke offers many points of advan- 
VQb. u. 


tage in thu; particular; as ii & 
cold by scarcely any body ; 

aMfional advantage, that wlnle offeri^ mi^ S^ee 
than any other material at all 

pnrposey it is at the same rimie very li^^t. 9^ 
to be employed for the absorption df theas nitrons 
gases is filled with coke, and by means oif a^tablb don- 
trivanoes, to be detailed hereafter, it is kept pohstahtly 
moistened with a smsdl stream ef ef«Ong auljp^urid acid, 
which is continually run on to it. The gases firom the 
chambers are made to pass up or thtotigh this column 
or tower on their way to the chimney ; and in order to 
do so, they have to wend their way through the many 
thousand passages and openings formed by the inter* 
stioes existing between the pieces of coke. Thus they 
are split up into numerous streams, and have to come 
in contact with many hundreds of feet of surface wet 
with vitriol before they arrive at the exit pipe. The 
apparatus* is built of such slse and proportion that the 
gases in their course upward are brought into contact 
with sufficient sulphuric acid to absoro the whole of 
themitrous gas contained in tliem. The acid contain- 
ing the absorbed gas is collected in a proper reservoir 
or receiver, placed at the bottom of the column fin* its 
reception, from thence, as will be seen hereafter, to be 
removed, in order that it may bo decomposed in such 
a manner that its nitrous coQ^tituents may be again 
used. 

This apparatus seldom or never works well when 
applied on the small scale, as, for instance, when ap|)Ued 
to one or two small chambers. This is a practical 
difficulty which, perhaps, in the hands of a careful and 
determined person, might be got over. It has been 
applied on a small scale at severtd works, and has been 
given up. On the other hand, several vitriol manufac- 
turers onalargo scale who use it, speak very satisfactorily 
of its performance. In some cases, by its employment, 
the consumption of nitrate of soda has been reduced 
from one-tenth the weight of tlie sulphur employed to 
one-twentieth— in fact, to the extent of one-half of tliat 
previously used. This is certainly a very good result 

The dimensions here given are those of an apparatus 
which is applied to a set of chambers,' in Which an 
average of eighteen tons of sulphur are consumed or 
converted into sulphuric acid per week of seven days. 
The apparatus is seen in Fig. 682. It consists essentially 
of the column or tower itself, three cisterns for hold- 
ing or containing vitriol— a, h, and i**— together with 
a largo close cast-iron cylindfir, d, employed in raising 
tlio vitriol to be used for al)Borj)tion from the surface 
to the upper cistern at the top of the column, and also 
for removing this wlion nitrated or saturated with 
nitrous gas. The tower cannot be more appropriately 
described than as a tall cylinder of lead, five feet 
diameter, and thirty feet high, supported, like the lead 
of the chamber, by a suitable strong wooden framework* 
This leaden cylinder is completely closed in at the top, 
and stands in a suitable leaden <^sh or tray at the 
bottom, of such a depth that it always contains vitriol 
enough to lute It, and so prevent any escape of 
The thickness of the lead is from a quarter to half kfi 
I inch-^some manufacturers prefbfiring to use the linnet 
I variety from motives of economy, ★bile others, in 

6p 


im SULlHUHtO ACID ArrARATus roR IlRcovERY OF Nri^oos Gas. 


to ftMJiare ab^olnto prcrf^r to use Imlf-incU lead, 'of opke. The quality of this coke is liot by utjy means 
cylinde]^, pM states before, and as sbourn in the a matter of indifiference : it must be in large pieces, 

{drawing, is fiUad completely with huge pieces for if it is either in small pieces of a rptten or soft 








variety, it must be rejected; for, if small, suflBciont 
space will not bo left between the pieces for the proper 
passage of the gas, but will clioke up the whole appa- 
ratus : besides the weight of tlie coke in the upper por- 
tion of the column will crush that near the bottom, and 
a similar result will follow. It will be, perhaps, well 
to mention, that if quarter-inch lead is used in the 
construction of the column, it would be well to line 
it with thin fire-tiles. These must be applied simul- 
tanoously with the filling in of the coke, as it would 
he impossible to hold them in their places otherwise ; 
they must be placed as close as possible to the lead, 
and pressed to it, and held in their places by the coke 
pressing against ^em* Tliis precaution of bride lining 
is necessary to prevent — what might otherwise occur'— 
Iho cutting of the lead by tho sharp edges of the coke ; 
for although the column may be quite full at the first, 
yet, after a while, it will bo seen tiiat the whole mass 


has subsided some inches, has in fact settled down, and 
were tho tiles not in their places to protect it, it is 
possible tliat a sharp edge of coke might cut a slit in 
tho lead. 

It is necessary to have some arrangement at tlie 
bottom of the column by which the gam from the 
chamber can have unobstructed entrance, for were tho 
coke at once thrown in, without some contrivance for 
tliis purpose, it would M up the entrance pipe, and 
prevent or nearly so, the cutrance of the gases- A 
very good arrangement for this purpose may be madh 
with 1^0 bricks, which are almost unacted upon by 
acids. The lower part of the tower or column, to a few 
inches above the entrance for the gases, is filled in with 
these fire bricks— arranged in a systematic manner; in 
fact, built up in the most open and loose manner possi- 
ble, so as to allow the greatest amount of ifdet to the 
gasees The ooke is piled above this. By this arrange* 
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the gases have aU ; bat a hMy uninterrupted 
eutranee; ^esTirush up through the wide spaces left by 
the bricki aud firom thence divide themselves amongst 
tliQ numerous passages which they find between ^ 
coke, . 

At the .top of the column is placed the cistern con- 
taining the vitriol, which is run down it. Caro should 
be taken, in the constrooUon of an apparatus of this 
kind, that the timber work is sufficiently strong tP 
bear the rather heavy weight of tliis cistern ; but thi% 
of course, is what few would overlook. Inserted into I 
what may be called the roof of the column is a device I 
for spreading the vitriol over the whole surface of the 
coke. In fact a good deal depends upon this, for wore 
the vitriol run on just in one spot, it might possibly 
find its way down in one small stream not capable of 
taking up the nitrous gas, in consequence of its having 
little surface. Knapp recommends this spreading to be 
effected by a scries of cones placed within each other; 
these cones, which, as might be supposed, are con- 
structed of load, have capb the apex removed, and 
the open ends of the whole system are placed imme- 
diately under an orifice in the roof of tlie column. 'The 
vitriol is made to enter these open ends in flushes ; it 
rushes over the surface of the dlifcrent cones, and finds 
its way to the interior, wetting the coke with a series 
of concentric circles of sulplinric rain. This will bo 
understood by referring to Fig. 681. 

A method which answers tolerably well is shown in 
Fig, 683. This is an arrangomout actually in use. It 
will bo botler imdcrstood by supposing a broad fiat 
dish, about two-thirds tlic diameter of the column 

Fig. 683. 



itself to be placed on the roof of the column. Into 
this are insciied a number of tubes— about twenty or 
thereabouts ; these tubes protrude boUi down into the 
column, and for a sliorter distance up into the dish. 
The under portion of the tube can be bent, bo that the^ 
stream which it delivers can bo directed to any point 
desired for instance, lot the whole area of the column 
bo mapped out, and twenty difierent equi-distont spots 
be marked; a tube is directed over each of these spots, 
asr that when in action the coke is wetted in twenty 
difierent places, in this way increasing the chances of 
the whole body of it getting thoroughly moistened. 
Whatever mode of attaining this end may he adopted, 
the ude of an oscillatiDg box, or what die workmen, 
perhaps mote expressively than elegantly, term a fttm- 
biifig boKf is almost absolutely reipiisito ; for, in the 


la^desorlhed scheme, without such ^ i^unet 
q^read% would be very ineffioi^nity 
stream pf/vitrid, which is run a 
descripfitm is, oomparatively ^caking, 

When this comps to be divided into twenty^ 
streams, thdy must naturally become very 
so much so, !n fact, that the dianoes are, that untosa 
the ends of the tubes wkich ptqjeot into die barin are 
exactly of one level, which pracUccdly is impossible, 
some three or four which happen to be the shortest, 
will take almost tlie whole of tiie stream. This 
casualty is put out of the quesdon by the use of 
tho oscillating box, the action of which is to deliver a 
comparatively large body of fluid at intervals, and this 
from a small stream. It is easy to see that each rime 
the box oscillates and delivers, say a quart of fluid, the 
height of tho liquid in Hie basin suddenly rises, and 
then immediately subsidos, enough fluid having been 
delivered to furnish a current for each of the twenty 
dilTerent tubes. 

It would, perhaps, be well here to describe tho 
. construction of one of these oscillating boxes, notwith- 
standing their being well., known, and their action 
thoroughly understood. It is on old invention, and has 
been figured and descrilDod in many works on chemistry. 
It is constructed of a shape similar to that of two cones 
fastened together at the base and sectionod, witli an 
axis connoctbig the apices ; th5 will bo seen by refer- 
ring to Fig. 684. This apparatus, as 
depicted, is a diamond-shaped box, 
open at the two upi>er, and closed at 
the two lower sides. The box is divided 
into two by a partition, o, in the centre, 
and the whole is mounted on an axis, 
hf on which it can oscillate. It works, 
in this manner, one of the two spaces 
caused by tlie division, presents itself 
to the tap of tho cistern, or other ves- 
Bol, whence a small stream is issuing. It will be seen, by 
examining tJie figure, that the fuller one of these spaces 
becomes, tlxo more to that side must tho centre of 
gravity incline, until at length this centre of gravity 
gets thrown so far beyond the axis, as to overbalance the 
empty side of the box. When this occurs, the whole 
of tho liquid which this division contained is emptied 
out suddenly, and the other side presenls itself for 
filling ; the apparatus taking the position indicated by 
the dotted lines. Of course, in a short time, tliis side 
becomes full, wlion a reverse again occurs, and so on 
as long as there is sufiicient liquid to keep it in morion. 

Another point of some importance in connection witli 
the economizing powers of tliis column, is the regularity 
of the stream of acid which runs down. If the tap 
of the cistern, whence tJie acid flows, is set to a certain 
speed at the commencement of the space of time during 
which tho acid is, to last, it is certain tliat it will not run 
at tlio same velocity when tlie cistern is getting nearly 
empty; nor, according to the proper physical law which 
controls these matters, will it run with the same force 
during any two portions of time. According to tlie law, 
the rate decreases as the aijuare root of the depth; or, 
to take a pracrioal and easily understood illusti^on--^ 
Suppose it is a cistern three feet deep, then whatever % 


Fig. 684. 



I 



, . — — — 

1036 

SULPHURIC ACID Recovekit of Nitrous Gab. 

— ^ 



liamW of quarts, galloiis, or other volumes per minute 
at which it runs, it will delivering exactly half that 
number when the oistern has lowered to nine inches 
deep. Thus at one knm there would be running down 
exactly half the quantity as at anotlmr ; at one period 
probably supplyir^ the apparatus with more vitriol than 
is necessary to take up the nitrous vapors, and at 
another time not giving it sufficient acid, thus allowing 
a valuable substance to escape. 

This idea appears to have struck either the original 
inventor, or an early employer of this process; for in 
Knapp’s Technology — which appears to be the only 
book in which a dej^ription of this process is inserted 
TT-a drawing of a method of obviating the defect is 
given. It is tliere proposed to employ a closed cistern, 
in principle resembling a bird’s drinking fountain, where 
water can only be obtained by replacing the space 
occupied by it with air; and to cover this cistern 
with a top constructed of tliick lead, supported in tlie 
interior by iron rods, iheatlied in lead, to protect them 
from tlie action of the acid. When working, this appa- 
ratus must liave had two alternate currents passing 
through tlie tap, one current of air into the receiver, to 
supply the place of the acid (lowing out of it into tlic 
oscillator. 

Several objections to this plan present themselves. 
In the first place, such p closed cistern must have been 
very mconveiiient to work, in consequence of tlie in* 
creased amount of manipulation ; for it was necessary 
to have an orifice in the cover through which to fill it. 
Tliis aperture required .to be made perfectly air-tight 
when the cistern was filled; for if this was not done, the 
whole principle involved became nugatory. Again, the 
construction^of such a receiver must have presented 
many difficulties, not to speak of the great liability to 
leakage in the cover and other parts of the cistern. 
Besides, when tlie cistern leaked, a great portion of 
the cover would require to bo removed, in order to 
admit a workman to repair it ; the cover itself would 
also have to be repaired, taking up much time, during 
which the whole apparatus would be inoperative. 

Many other objections present themselves on exa- 
mination, but are scarcely worthy of remark, inasmuch 
as no cistern of this construction appears to be at 
work at this time, at least in this country. 

An apparatus which answers the desired end very 
well has been applied ; 

Fig. 686. and it has none of the 

objectionable features just 
described ; it is shown in 
k A section in Fig. 586, where 

I 1 a cb represents the cistern 

containing the supply of 
^cid. Adjoining lids cis- 
j 1 tern is a circular vessel 

of lead, twelve inches in 
' f ir " diameter, an d of the same 
height as the cistern. Be- 
w tween these two, and from 

the bottom of each x^o* 
ceeds a tube, 5, which forms a passage between them. 
This tube is not a whble piece of tube, neither does it 
take the shortest oourse between the two vessels, and 


this for a reason which will bo presently showni The 
upper portion of the pipe opening into the cistern is of 
a conical shape, and into this is fitted a conical lead 
plug, which has been oast on a long iron rod, and 
turned up in a lathe very smoothly and with great 
nicety, so as to fit very accurately into its seat, the 
conical mouth of the tube just mentioned. This plug, 
as shown in the dinwiiig, has the iron rod, which 
forms its stem, prolonged below the plug proper some 
eight or ten inches. This portion, as well as the 
upper, up to within an inch or two of the hook at the 
top, is coated with lead. This coating must be done very 
accurately, to insure the exclusion of the acid from 
the iron rod. This is best done by pushing the rod 
through a load tube of the proper diameter, and fusing 
the extremities of the upper and lower portion to the 
plug proper by means of llie blowpipe jet, described 
in that portion of this article which treats of the con- 
struction of the chambers. The lower length of the 
rod moves in the straight portion of the tube below 
the cistern, and is for the purpose of preventing the 
plug getting out of its scat, as well as for accurately 
guiding it in. 

Within the tall cylinder before spoken of hangs a 
leaden bucket, for so it may bo most appropriately 
called ; the rim, or upper edge of this bucket, has an 
iron ring inserted into it, for the purpose of keeping it 
in its proper shape. To this ring are attached three 
iron ohains, not unlike, in thickness and general appear- 
ance, to dog-chains. These cliains are attached at 
a shoii; distance to a single chain, which hangs in the 
centre of the cylinder. The upper end of this cliain 
is in its turn attached to one end of a lever, moving 
freely on its axis, situated at the middle of its length. 
To tlie other end of the lever is attached another short 
length of chain, connecting the euvi of the lever with 
the hook at the extremity of the plug. This lever has 
semicircular jueces of ii*on attached to its ends, over or 
on which the chains rest, in such a manner that the 
plug and bucket liave each, as near as may be, a true 
vertical motion, so that the plug may descend exactly 
I into its scat, and that the bucket may move up and 
down precisely in tlie centre of the cylindrical vessel. 
This cylindrical yessol has tlie delivery tube fastened 
to it, and the tap horn which the stream flows attached 
to it again. 

In ordtir to work efiectually, imagine that the 
apparatus is newly attached, and has not been used 
before, and that this is the first trial. Lot one ima- 
gine that the plug has boon inserted unattached to 
anything else into its seat, and also that the cistern is 
4ull of vitriol; also determine that the vitriol shall 
run out at a pressure of some six or eight inches— 
vitriol prcBsare, not water. To do this, lot the bucket 
hang down in the cylinder some six or eight inches 
from the bottom ; attach the chain to the lover, and 
then attach the plug by means of tlie chain to its other 
end. In both cases this should be done so that the 
lever remains in a horizontal position; then let tlio 
backet fall to the bottom. The result of this will 
be that the plug will be drawn from its seat, and the 
vitriol will run from the cistern into the oyUndrical 
vessel tliTOugh the communioathig pipe. Now, watch 
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tlie action of the epparatua as the Titrial rises in the 
cylinder. As it does so the bucket will rise. Now, as 
first said, this bucket is fastened to one end of the 
lever, while the plug is fastened to the other— in point 
of weight the plug is the heaviest. Under these cir- 
cumstances it naturally follows, that as the bucket 
aaoenda the plug descends, until at last the bucket 
ascends so high that the plug falls into its scat, and 
effectually closes the passage. If allowed to remain, 
and if the plug fits well, the liquid rises no higher in 
the cylindrical vessel. But if the delivery tap bo 
opened tlie liquid in the cylinder will bo seen to sub- 
side, the bucket descend, and the plug be lifted ftom 
its seat so high that it allows just so much liquid to 
pass it as is ruiming out through the tap, whatever this 
quantity may bo. 

Thus, on examining the action of this apparatus, it 
will be found that it allows the cistern to be run almost 
empty at precisely one pressure, either six, eight, or 
any number of inches, thus obviating tko misjudgment 
of the workman, or, what is probably oftener the case, 
the total neglect of its rate of running. A careful 
workman, from constant practice, soon learns to set 
the lap so diat it shall run many hours without 
altering ; he has only to notice the time required to 
run BO many inches out *bf the cistern, it having a 
giiago with inches marked on it for this purpose; from 
this he can easily ciilcuJatc, from the depth of the 
cistern, whether it will last out the required length of 
time. If the rate of running is not correct, it must 
bo altered less or more accordingly. As this appa- 
ratus is not patented, it may probably find other 
applications. 

Having now described the mode of running tlic acid 
down the column, lot attention, be toned to another 
and ]|)revious portion of the subject — the manrior of 
placing it in tiio cistern. It is well known, and is a 
matter of no little regret, that as yet there is no real 
acid pump. Weak vitriol can be pumped with a pump 
of the ordinary description — the barrel formed of lead, 
the valves and all the flexible portions being formed of 
caoutchouc. But this latter body, and eveiy other body 
which serves its purpose for ordinary liquids, is desti’oyod 
in a few hours, when placed in strong sulphuric acid 
'Cven when cold. Such being the case, another con- 
trivance is adopted — a very useful although not a very 
new one, it being at least as old as the chemist’s edul- 
corator, used in analysis for washing precipitates. This 
ajqiaratus, as is well known, enables one to drive out a 
rather forcible though small current of w^ator by atmo- 
cpheric pressure applied on the surface of tlio water 
coutaiuod in the bottle. This is cncctcd by closing 
the nock of the flask or bottle employed with a cork 
through which two^ tubes pass, one of winch descends 
to the bottom of the flask below the surface of the 
contained water, while the other merely protrudes 
below the bottom surface of the cork. By means of 
the mouth, air is forcibly compressed within the 
bottle ; this, in its ellbrts to escape, drives tlio water 
before it in a stream ; and this is the principle of 
the apparatus by which the vitriol is elevated* A 
large cast-iron vessel, <?— Fig. 582— replaces or rather 
represents the washing bottle. This vessel is for con- 
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tenienoe jplaced in a waited or Bpai^ ^ the 
grotmd^ im is, made of sneh dimenfidoijf wfil 
hold rather more than the cistern it is d<^t^d to jlt 
It is Ibrmed not unlike a soda water bottle, this shai)e 
being the strongest, the lower and upper ends being 
rounded, the latter having a Ranged neck upon It; 
this being about one foot This flange has a 

number of bolt holes cast in it, corresponding to a like 
number of bolt holes in the lid. The lid has two per- 
forations cast in it through which two two-inch diame- 
ter pipes can be passed and be secured, one of which 
pipes, as in the case of the wash -bottles, passes to the 
bottom, or nearly so, leaving anpace of merely two or 
three inches ; the odior pipe merely passes through, 
terminating beneath tlie lid. Perhaps the best metliod 
of making a secure joint between this lid and the 
vessel flange is to insert an India rubber ring of such a 
size that it will lie witliin the circle of bolts ; tlio ring 
being thus placed, the bolts are put in and sere wed 
up tightly, thus compressing the elastic washer, and 
forcing it to fill op every crevice, so as to be effectually 
air-tight. The whole of tins description will appear . 
mucli clearer on referring to the figure — ^2. 

The drawing which accompanies this is scarcely 
complete, inasmuch as one cistern has, been left out; 
this lias been done purposely, so as not needlessly to 
complicate the figure. In orde!^ to explain the drawing 
the reader must consider himsolf working the apparatus. 
In Ibo first place, suppose the ii'on cistern, e— Fig. 582 
— to be filled with vitriol of the density 1*750, or 
Twaddell, tliis being the strength of vitriol ^ be used 
in tbo absorption of nitrous gas. At lliis moment it 
does not matter how it was filled. By means of a 
powerful air-pump, a strong pressure of air is forced on 
to the surface of this vitriol, driving or forcing it up 
the pipe, /, into the cistern, a, which it fills. From 
this cistern it runs, as has been already described, into 
the column, where, after traversing the coke with which 
it is filled, it runs into the dish-like vessel in which the 
coluiim may be said to stand. From this it runs by 
means of the pipe, g, into the cistern, it is now by 
Ibis lime saturated, or nearly so, with nitrous gas, 
which it has ga4hcrcd during its passage down the 
tower. From tliis cistern, 5, it is once more run into 
the iron underground vessel; the air-pump is onco more 
.put into requisition, and it is forced from this vessel 
into the cistern, c, tliero to be reserved and run, ofir as 
wanted, to be decomposed in the chamber. 

As before stated, the cistern for the raw vitriol 
is not included in the drawing, but, as it is only a , 
copy of the one at the fgot of the column whicli is 
represented, a description of tlie one will seiwe for the 
other ; it will also suffice to describe how tlio nitrous 
vitriol is conveyed from the cistern, 5, into the cistern, 
c. It will be seen that from the bottom of the cistern, 

5, a short tube proceeds, which immediately joins on 
to the main pipo or arteiy, /; into the conical mouth 
of this pipe which opens into the cistern, a plug 
is fixed, which plug, like the one already described, is 
simply a conical boss or mass of lead oast on to the end 
of a sufficiently long rod of iron, and turned in a lathe 
to a fine surface, so as to make as accurate a fit as 
possible, the shank being sheathed in lead so as to 
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jl^d^rve it. upp^ of this rod is split, so afi to 

ombraoe a levor, to, it is firmly attached by a 

hinge-like joint "^his will be better understood by 
referring to Fig. 6 QG, where a is the ping, as already 
desorib^; 5 is the lever to wbicb it is attached; c is 
a joint at one end of the lever, and which serves as a 
fnlcrum ; d is the handle at the other end of the lever; 
6 is a guide in which it works, and which condnes its 
movements to a simple vertical motion. The plug 
apparatus is fixed, as shown in Fig. 586, across the 
corner of the cistern. Now, to get the vitriol in b 
—Fig. 582— into the iron vessel, the workman simply 
^ lifts the plug at the comer of 
Fig. 686 . ^0 cistem; this he does by a 

^ sndden jerk, after loosening a 

■ little piece of apparatus, to bo 

hereafter described, and which 
g is for the purpose of keeping 
tlie plug in its place and pro- 
^ venting its rising when the 

' pressure comes on to its under 
autfoce* Immediately he lifts 
vhis plug the sulphuric acid proceeds to run down tliis 
short tube into the main artery, and thence into the cylin- 
der, driving out the air through a tap placed for the pur- 
pose. Immediately the cistem is empty, the workman 
by a forcible thrust the plug in its seat, and for 
fear the pressure should forco it out, he proceeds to 
fasten it down, as shown at the cistern, b — in Fig. 582 
— where in the upright, 4, a number of holes are 
shown ; ijito one of these a eoMcr, or piece of round 
rod iron, is thrust ; then between tliis cotter and the 
lever he drives in the wedge, i, thus effectually pre- 
venting the rise of the lever, and consequently firmly 
bolding the plug in its place. As soon as this is ac- 
complished, he proceeds to set the air-pump in action, 
which air-pump injects air on to the surface of the vitriol ; 
and when sufficient pressaro has accumulated, the acid 
gradually flows along the horizontal pipe and main 
artery,/, until it arrives at the pipe,/, along which it 
proceeds, eventually emptying itself into the cistern, c, 
the air-pump being kept in action until all the vitriol 
Is forced out of the cylinder, and a« small portion of 
air foUowuig indicates when this has taken place. 

The next part of the process is the conveyance of 
raw vitriol into the cistern, c. The details are pre- 
cisely similar to those already described. Lot the 
reader imagine another cistem precisely like cistern 5, 
a pciiect copy plug included, which said cistern has a 
short plug coimectmg it with the main pipe or artery, 
/. As in the case of cistem 5, the workman removes 
tlio plug, and allows the vitriol to flow into the iron 
cylinder as before ; when he has done this he proceeds 
to take measures for projecting this charge into tho cis- 
tem, a, at the top of the column. 

Onrtlie branch pipe leading to the nitrous vitriol 
reserve cistemiC, a plug apparatus will be observed. This 
is for the purpose of closing this branch pipe while rais- 
ing the raw vitriol, and is taken out when the niti^us 
vitriol is being pumped up. It is scarcely neces^oy to 
remark that when the nitrous vih*iol flows through this 
branch pipe, it naturally issues at the open end over the 
cistern, c, such being the lowest. In order to prevent 


the raV Vitriol taking the same coarse, the workman 
firmly inserts and fastens down this plug, and, when the 
amd to be used for absorption has filled the imn vessel, 
he sets the air-pump in motion, and the vitriol rises 
bP to and flows into cistern a. 

In com^uence of the height of the column of liquid 
rising from the bottom of tho bon vessel to the upper ^ 
edge of the cistern, ot— a^pace of nearly thirty-eight 
feet— and of its superior gravity, a pressure is exerted 
approaching to thirty pounds on the square inch. 
Hence it will be apparent that the cylinder and its 
appendages must possess a conaideraUe amount of 
strength. It is usual to have them cast two inches 
thick in the sides in order to withstand this weight. 

I The air-pump used in this case, and which has been 
so often mentioned, is constructed on the model of an 
iron furnace-blowing engine, and difiers from it only in 
! dimension. The cylinder of this pump may be about 
eight inches diameter, the length of stroke being twelve 
inches, and it makes about fifty strokes per minute. It 
has a rather heavy fly wheel attached to it, to steady 
its action. This is necessary on account of tho great 
resistance it has to overcome at the end of each stroke. 

It is necessary that the piston should fit very accurately, 
and that about the pump and the fittings generally great 
care should bo taken to insure perfect freedom from 
leakage. 

The quantity of sulphuric acid used in tho absorption 
is rather variable, some manufacturons being more suc- 
cessful in this respect tlian others. Many who employ 
this apparatus recommend one-third of the make to 
be run down every twenty-four hours. In this case, 
for every hundred tons of acid made per week, nearly 
five tons would be run down per diem. One manufac- 
turer finds in practice .that about four hundred gallons, 
or seven thousand pounds, run down the column every 
twelve hours, will absorb the nitrous gas from a set of 
chambers which are converting eighteen tons of sul- 
phur weekly into sulphuric acid. 

To utilize the nitrous vitriol it is necessary to 
liberate the nitrous acid it holds, either witJiin tho 
chamber or contiguous to it, and in presence of the 
sulphurous and other gases entering it. Simple dilu- 
tion with water effects this, as explained at page 1033. 
Still its practical working at first was found somewhat 
difficult, and much ingenuity has been expended in 
improving this part of the process, but still something 
further remains to be done before it can bo considered 
perfect. Tho original inventor gave a method which, 
though theoretically almost perfect, was, unfortunately, 
not quite so, practically. It consisted in exposing the 
nitrous sulphuric acid in thin films or sheots to the action 
of the sulphurous acid which issued from the Sulphur 
ovens. By this he proposed to liberate the nitrous 
gas, and in part he did so. The apparatus is shown 
in Fig. 587, which represonla a sort of leaden column. 
Within tliis column a series of horizontal shelves or 
partitions are placed, which almost fill up the whole of 
the area ; a funnel, furnished ynith an $ tube, is insetted 
into the roof, and through tills the nitrous snlphuric acid 
is pouted on to the ehelf immediately beneath. It runs 
from this first shelf on to the next one, and so it proceeds 
to the bottom, in exactly an opposite direction to that 
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pursued hy tlie Bulphurotte acid current, freali pordons 
of which it meets at every point of Its progress down* 
wards* The funnel tube is of an $ form, for the pur- 
pose of preventing any of 
the gas eedaping, a quantity 
of the liquid being retained 
in the curvature of the tul>e 
Bufhoient to prevent ei!ki- 
tually the loss of any gas^ 
The sulphurous acid is 
admitted into this column 
tlirough the wide tube at 
a, while immediately above 
tUs a jot of steam is thrown 
in; these together, after 
traversing the spaces be- 
tween the shelves and act- 
ing on the downward 
stream, finally escape laden 
with nitrous gas into the 
chamber through the pas- 
sage, ft. i 

The jet of steam just mentioned is for the purpose of 
diluting the nitrous sulphuric acid, and so causing it 
to yield up more readily the nitrous gas. 

The acid, by the time if roaches the bottom, is sup- 
posed to be thoroughly dohitrated, and is conducted 
thence to an evaporating pan to be concentrated, in 
order that it may be once more used for the absorp- 
tion of a fresh portion of gas in the absorbing column. 
I’hoorctically considered, the nitrous vitriol ought to 
run from the lower portion of the apparatus without 
containing more than a trace of any nitrous body. 
On the contrary, it might be expected to be charged 
with sulphurous acid, but practically this does not 
appear to have been Bxe case; for, from the state- 
111 ont of those who had ample opportunity of examin- 
ing its action, it appears tliat the nitrous constituent 
was never thoroughly eliminated, that it still retained 
a considerable quantity of this gas after very slowly 
traversing tlio apparatus, and that this impossibility of 
thoroughly decomposing the compound acted as a 
strong barrier to the introduction of tlio invention. 
But, happily, this defect was not unconquerable, and 
was, by a reasonable amount of skill and patience, 
eventually ubviuted, at least practically so, if not per- 
fectly. 

The nitrous sulphuric acid is decomposed, but com- 
paratively slowly, when subjected to the action of sul- 
phurous acid in an undiluted state ; and this appears 
to have been the cause of the failure in the commence- 
ment, inasmuch as the acid flowed from the decomposer 
almost of the same density as when introduced. It 
would seem inconsistent that the expedient of mix- 
ing it with water so os to dilute it was not adopted, 
especially as the decomposing action of water jfxer as 
must have been observed. Doubtless this would have 
solved the problem, especially as with this addition a 
modification of his apparatus answers very well. 

The mere dilution of this nitrous sulphuric acid with 
hot water answers very well. This is done within the 
chamber. A section of tlie apparatus employed Is 
shown in Fig. 688. It consists in simply placing within 


the chamW, and as near the bmmr 0^^ 
a rdtemd leaden vessel ahotit iwiiSve 
eighteen inches diameter. Thisis 


mm 



leaden wall of the diamber. This leaden wall it? 

I pierced by tliree tubes, all terminating wiBun the. 
leaden vessel, and near to its bottom. One of these tubes 
contoys the nitrous sulphuric acid into the vessel ; the 
second conveys water ; and the third is a steam-pipe. 
The two tubes for the liquids terminate on the ontside 
of the chamber in funnels, while above these funnels 
are the respective taps, one of which oommumcates 
with the nitrous vitriol-store cistern, and the other 
with the supply of water. The steam-pipe is, of course, 
in connection with a generator. 

Supposing the chamber to be at work, the mode of 
operating, with this arrangement, is very simple. Tlie* 
leaden box or vessel is first run full of water — ^tbis is 
by means of the steam jet brought to boiling. The 
operator or workman then proceeds to run in a dow 
stream of nitrous vitriol and water from their respective 
taps. Immediately the nitrous vitriol touches the hot 
water below, it decomposes into sulphuric acid simply, 
— ^which remains in the vessel for a while — and nifrous 
gas, which flies off, and which is, by the current of gas 
ascending from the burner, carried off, and enters into 
the working of the chamber. 

Of course, the vessel always remains as near as 
possible full. The streams of fresh liquid running in 
immediately displace and drive out a portion of tlie 
previous contents, causing ii to mix with that already 
contained in the chamber. 

There are at least two advantages which arise from 
placing this decomposer as near the burner-pipe or 
gas tubes as possible. In the first place, the gas 
arising from the decomposition has a better chance of 
thoroughly mixing with the rest of the gases which 
form the chamber mixture; and, in the next place, 
this rapid removal and immediate mixture lessens the 
risk of local action on the chamber, nitrous gas being 
rather destructive to lead. In fact, the rapid current 
of sulphurous acid gas must sweep away every particle 
of nitrous gas as fast as it is liberated. One of these 
decomposers has been working in a chamber for nearly 
three years, and the lead in its immediate neighbor- 
hood does not appear to have suffered more than that 
in any other part of the chamber. 

Mr. Peter Hart of Manohoster has given a 
method of estimating the value of this nitrous vitriol 


Fig. 567. 
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by a process of aualyBis by ‘which one may, in a vcsry 
simple manner, ^letormine how much nitrate of soda or 
nifcrio acid a given Tolum® this nttrous vitriol repre- 
sents, or is equal to. The process is founded on the 
well known reaction which takes place on bringing 
nitrous acid and urea together, the result of this 
proceeding being the formation of water, nitrogen, and 
carbonic acidgaaes, as shown in the following formulas — 


CaNsn4 0» + 2N08 

^ ^ ^ ^ ^ 

Urcii Mltrou* arid. 



^ f \ 

Carbonic neid. Kltrogou. Water. 


I Mr. Hart prefers to employ urea, in the shape of 
i nitrate, on account of the facility with which it can be 
obtained pure. Of this nitrate of urea he weighs out 
twenty grains, and dissolves this in about two and a 
half ounces of water, heating this solution to boiling 
over a gas lamp. Meanwhile he prepares a test liquid, 
composed of thin starch water, in which he dissolves a 
small quantity of iodide of potassium. He spots a white 
plate With drops of this liquid. He theu fills up an 
ordinaiy alkalimetorwith the nitrous vitriol to bo tested. 
Meanwhile the solution of urea has arrived at boiling, 
at which point he lowers the gas flame, and proceeds 
to add the nitrous vitriol from the alkalimetcr to the 
solution in the basin. The reaction goes forward 
witli strong effervescence, and escape of nitrogen and 
carbonic acid gases. He continues to add the nitrous 
I vitriol drop by drop, not neglecting to stir until a drop, 
taken out of the basin by moans of a glass rod, and 
added to one of the tost spots on the plate, causes 
the latter to assume a blue color. This indicates the 
completion of the operation. The number of mcasiircs 
nsod or added are read off, and this forms the data for 
the calculation. The rationale of the process is very 
simple. After the decomposition of all the urea, the 
nitrous acid, which hitherto has been simultaneously 
decomposed with the urea, now remains in a free state. 
Now, it is well known that nitrous acid decomposes 
hydriodic acid, Betting iodine free, which iodine will 
immediately combine with starch, if any be present. 
This is one of the testa for nitrons acid; so in this 
case the formation of the blue coloriilion indicates free 
nitrous acid in the basin ; ^nd free nitrous acid present 
indicates the decomposition of all the urea. 

The calculation is based on the fact, that to decom- 
pose the twenty grains of nitrate of urea employed, there 
would be required 12*35 grains nitrous acid, NOj, which 
is equivalent to, or represents in chamber effect, 17‘5G 
grains nitric acid, NOj, or 27* G4 grains nitrate of soda ; 
consequently the number of alkalimcter measures of the 
nitrous vitriol required in the decomposition reprcxscnts 
or contains the equivalent of any of these numl>ers. 
i All that remains to l>e done is, to ascertain the relation 
borne by this quantity to tlm volume which the cistern 
I is capable of holding, or contains at the time of the 
experiment ; or to put it as Mr, Haut gives it — let n 
represent the number of alkalimetcr meaeures em- 
! ployed of the nitrous vitriol ; h the nitrate of sodA—if 
i the result is required in nitrate of soda — corresponding 
I to the twenty grains of nitrate of urea, as given above ; 

I c tJio number of alkalimcter measures in a gallon — 


seven thousand— and d the number of gallons in tho 
dsterh; then — 

Xdssat 

a 

a Indicating tho equivalent in nitrate of soda of tho 
recovered, nitrous acid in the entire cistern. 

Anotlier method of recovering tho nitrons gas has 
been lately patented in this country. It diffei^ very 
considerably from the one already described, that is, in 
principle, although the apparatus bears a great resem- 
blance, It consists essentially in converting the nitrous 
gases into nitric acid, and combining this acid with 
lime. Tlie inventor starts out with a column, as in tho 
last process, filled with suitable materials to afford a 
large surface, down which be runs a stream of tliin milk 
of lime, allowing the waste gases from the cliambcr t{> 
ascend in the opposite direction. In this case it is 
supposed that, under the influence of the alkaliap fluid 
and excess of atmospheric oxygen, tho oxides of nitro- 
gen will bo wholly converted into nitric acid, which 
will immediately combine .with the lime, forming nitrate 
of lime. 

It is well known that nitric acid can be reproduced 
from any of the lower oxides of nitrogen — ^\vith the 
exception of, perhaps, the lowest, nitrous oxide, NO, 
when in contact with water and free oxygon, Ihis luis 
been dilated upon, and the reaction given when treating 
of the cliambcr reaction ; and that this is a fact there 
is no doubt. The only difficulty hitherto appears to 
have been to obtain nitric acid of a suitable strength. 
This has scarcely boon accomplished, as experiments 
have shown that the reaction proceeds with loss rapi- 
dity as the acid gains density. But where lime-water 
is used this objection is removed, inasmuch as no free 
acid can exist in the liquid to retaid tho I'eaction ; 
each atom of this acid being removed or combined at 
the moment of its formation, or iin mediately afterwards. 
There is no douht that tho presence of an alkali not 
only obviates this retardation, b«it actually induces, by 
its presence, the combination of ibe lower oxides of 
nitrogen with oxygen, thus, in fact, acting in a doubly 
advantageous manner. 

The solution of nitrate of lime, formed in tho column, 
is run into a proper cistern placed for its reception 
and conservation prior to its being converted into a 
dry or crystalline salt, which the inventor proposes to 
employ instead of nitrate of soda, as a constituent of 
I the artificial manures now so much in request. 

Perhaps the process would have been more perfect 
had it been more sclf-contaiiiing, and not dependent 
on outer circumstances for its perfect well-doing ; that 
is, if the vitriol manufacturer, instead of having to 
depend on the purchase of this nitrate by other parties, 
could have used it himself. Were it cheaply decom- 
posable, that is to say, were it possible to eliminate tho 
nitric acid choajdy, it would be better ; but it can only 
be decomposed with ease by tho addition of some 
stronger acid, and tho only one reasonably available 
for this purpose is sulphuric acid. By substitutiiig 
tills nitrate of lime for the nitrate of soda or potassa, 
ordinarily employed, ono would cei*taiDly most efiec- 
tually get back the niti'ic acid; but, unfortunately, 
sulphate of lime, a body of m value, would be pro- 
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duced, instead of^ da now, producing sulpUate of Boda 
or polassa, salts in great and constant demand. 

Of the value of processes for the recovery of the 
nitrous gas Mttle need be said. The benefits they 
confer are apparent at once, recovering, as they do, 
the most expensive element in the manufacture, and 
not only being a saving of the money value of the nitre 
or its equivalent recovered, but further, when looked 
at in a politico-economical point of view, another phase 
presents itself: for were all sulphuric acid manu- 
facturers able to work with half the nitrate they at 
present uso, it would surely tend tp reduce the price 
of this salt ; and, if the maxim be correct, that price 
is regulated by supply and demand, then under the 
imaginary state of things just mentioned, one-half the 
(quantity now used being thrown on the market, or 
what is tlie same thing, not used, must hriiig down the 
prico^Haf what could be sold, thus lowering a second ] 
lime the cost of manufacturing sulphuric acid. 

Concentration of Sulphuric Sulphuric acid, 

as it exists in the chambers, tljough strong enough for 
many purposes, is not aufllcienUy so for sale, inas- 
much as it is the object of the manufacturer to send 
it out as strong as conveniently may be, in order to 
avoid the necessity of conveying a quantity of useless 
water. It is concentrated up to a certain point in 
leaden pans ; that is, until it has attained the density 
of 1 * 750 ; beyond tliis point it is not considered safe 
to push the concentration in load. In order to bring it 
up to its maxiiniim degree of concentration, or its con- 
version into what is termed rectified oil of vitriol, the 
extrication of the further remaining quantity of water 
must be performed in vessels of glass or platinum. 

With respect to its concentration in lead a variety 
of plans are in use for this purpose. Much diflcrcnce 
of opiruoii exists on this head amongst sulphuric acid 
manufacture! b; their choice probably depending on 
convenience and situation. One manufacturer, for 
instance, prefers to concentrate his vitriol by passing 
‘ the flame and products of combustion of a fire over the 
surface of his weak acid, the watery vapor being carried 
away W'ith the smoke, et cetera. This plan appears lo 
answer very well where no niccncss witli respect to the 
color and purity of the acid is demanded — as when 
the vitriol manufacturer is also a soda manufacturer, 
and uses up liis own acid ; but as the concentrated 
acid resulting from this mode of working is almost inva- 
riably very black and turbid in consequence of particles 
of coal-dust, etcetera^ falling into the hot liquid, as well 
as from contact with the various carbonaceous bodies 
forming coal smoke, such acid would bo scarcely sale- 
able in the ordinary way to calico-printers, bleachers, 
and oHior such consumers. In order to avoid this, the 
manufacturer must employ an a]>paratus in which the 
liquid is kept clear ‘from all or any such oonlamina- 
tions. For this purpose a pan in principle, thotigh 
ndt in shape, resembling an ordinary pan or boiler, 
must be employed. Tins variety of concenfrating 
boiler ifl in very general use, l)cing, in fact, almost 
universal amongst those manufacturers who sell tlioir 
acid ; whilst the surface concentrator is as commonly 
employed amongst tlie soda manufacturers and othera, 
who make the acid solely for their own use. 

V‘U.. II. 


Tbe following describes the plan of 
who makes for sale only., This plan & found to 
answer voty well; it consists of two pans, placed iride 
by side, one being placed higher than the other--^ 
high that its CQ|itents can be emptied completdiy by 
means of a siphon into the lower pan. No joinings or 
solderings of any kind are admissible about these pans, 
the whole must be formed out of one solid sheet of lead. 




tlio sides and ends being turned up simply : tbe lead is 
lialf an inch thick, the other dimensions of the slieot 
being tbirty-tbree feet by seven feet six inches. To form 
such a pan, the sheet of lead is first spread out on the 
bed prepared to receive it ; the plumber proceeds to 
mark off eighteen inches from each side of Uie dieqt ; 
this is lo form die sides and ends of the pan. To faci- 

6 Q 
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Utate tbc bending, a fire, of shavings is made along the 
lino of markings. When the lead has become siiffi- 
oiently hot along theee lines, he proceeds to bend np 
the sides, and to beat out any inequalities. The brick- 
work setting of the pans will be understood from the 
preceding figures, in which Fig. 589 represents the 
arrangement of the fines, previous to being covered in 
with the fire-tiles or iron plates on which the bottom of 
the pan is to be placed ; the loft hand portion repre- 
sents the bed of the lower pan, while to the right wo 
have that of the upper one. a a are the two fire- 
places, the flame from which proceeds along the narrow 
flues or passages, hbhh; they turn off at the end in the 
direction of the arrows, and return beneoth the upper 
pan; along the two Wide flues, c c, and from thence pass 
into the wide flue leading to the chimney. Fig. 589 is 
a vertical section, lengthways, of the fireplace of the 
lower pan; c is the course of thick firo-tiles imme- 
diately over the fire, protecting the pan from the too 
great heat; a little beyond the fire thinner tiles are 
employed, wliich thin tiles are continued to tbo end. 
The two wide passages, cc — Fig. 589— beneath the upper 
pan are covered with iron jdatea, half an inch thick, 
on which the pan is placed. It will be understood 
from this description, that the tiles, or other supporting 
medium, diminishes in t|iickness, but increases in con- 
ducting power as the distance from the fire increases. I 
This arrangement is necossar}^, for were iron plates used 
the whole distance, they would soon be burned through 
and destroyed in the immediate neighborhood of the 
lire ; and, on the contrary, were thick tiles used for the 
whole distance, the latter portion of the arrangement 
near tbo end of the pan would oiter too mucli resistance 
to the passage of the heat, and consequently a consider- 
able portion would pass away without being absorbed. 

Two such pans are capable of concoiitrating the 
acid produced from eight tons of sulphur per week of 
six days. There are pans at present in use caj)ablc of 
concentrating forty tons of vitriol weekly. Their mode 
of working is as follows:— The vitiiol in the lower pan 
Doing of the proper strength, the workman proceeds to 
rim it off into a vessel called a cooler, wlwre it reniainK 
until cold. lie runs it empty to within two or three 
inches; when this is accomplished, he proceeds to set a 
siphon into the upper pan, running the contents into 
the lower one. which lower one ho fills within two or 
tliree inches of the top. When tho upper pan is empty 
he refills it with the weak acid from the chamber ; he 
then proceeds to fire tho pan until next day, when he 
will repeat tho operations just described. 

Tho other description of pan, the one spoken of as 
a surface concentrator, k of the following description : 
Fig. 590 being a vertical section lengthways, the ^fire- 
place is at o, the flame, et cetera, proceeding in the 
direction of the arrows over the surface of the dilute 
acid at h, when it descends into the flue, carrying with 
it the evaporated water; It resembles— with the excep- 
tion of some particular details, to suit the material to 
bo evaporated — the furnace described under the head 
AnuM in this work, Fig. 89 ; but in the case of sul- 
phuric acid, the furnace has to be lined, so to speak, 
wdth lead; and this lead being liable to fuse at a 
comparatively low temperature, much ingenuity is 


displayed in the methods adopted to prevent as much 
as possible suph an occurrence. One mode of accom- 
plishing this is shown in Fig. 590, where cf is a section 
of the Iqaden pan, inclosed in brickwork, to prevent 





the action of tho flame. The side of tlie pan is brought 
up to the furnace dam, e] then williin the pan a 
close row of firebricks, 7>, arc placed on end, but not 
cemented in any way. Thus the sides of the pan are 
inclosed between brick walls, it only remains to cover 
np the space, and this is done by placing firebricks on 
the top, resting i)artly on the furnace darn, and partly 
on the row of bricks just mentioned; the flanio is tlius 
com [detely kept ofl* the lead. This is repeated all round, 
the i)an’B sides and ends being equally 
protected. Rome nianufacturcrs employ a ^^6* 
slightly dilTercnt arrangement, although 
on the same piinciplo. A covering . T| 

brick, expressly made for the pin pose, | 

is employed ; these bricks are made of r I 

the proper size, with an indentation or \ ^ V 
channel formed in them; this channel 




being for the purpose of inclosing the 
upper edge of the ])an, side or end. This arrangernont is 
shown in Fig. 591, where a is the pan edge; 6, the biick 
or tile, with its channel, c, inclosing the edge of the pan. 

Though those precaul ions would appear to bo finfli' 
cieut, yet (ht? inauufacturer usually avails Llinsolf o! 
another invention, which cqusiBls in running a stj'etim 
of cold wator round the pan’s edge. This is eflected by 
burning or fusing— by means of the hydrogen apparatus 
mentioned in another portion of this article — to tbo 
edge of the pan a leaden tube of a D shape, tlic flat 
side being next to the pan ; a section of this pipe is 
shown in Figs. 590 and 591. This arrangement has a 
current of cold water constantly flowing through it. 

These vitriol pans are often of immense thickness, 
in some cases the lead of wdiich tlicy are made is an inch 
thick ; but as tho heat does not, as in the previously 
described pans, penetrate throngli. this, it is imma- 
terial. They are worked rather diflorently to the other 
pans, inasmuch as it is necessary to cool them to a 
much lower teroperatnro before running them off. 
Before this is done the fire must be slackened, or rather 
put out ; for, were the pan to bo emptied while the fire 
was burning witli its usual vigor, tho pan sides might 
get so hot as to become soft, and fall or bend down. 
The upper portion is an arch of firebrick, through 
which a hole is pierced over one corner of tho pan ; 
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j through this hole the siphon is inserted for drawing off 
I the finished vitriol ; it is also refilled with dilute acid 
! through this* The workman ascertains the progress 
I of the concentration, or its completion, in all cases by 
taking out a portion from time to time, and placing 
i the vessel containing this trial sample in water to cool. 
When cold enough, he ascertains the density by means 
of the hydrometer. When finished it must, as before 
stated, be of the density of 1*750, or of the strength of 
150® on T WADDELL’S hydrometer—tho instrument most 
used in this country — when at a temperature of 60®, 
When of this density, ho draws out the fire and pro- 
ceeds to run the vitriol into what are called coolers, 
which, as their name indicates, are for the purpose of 
holding the acid until sufficiently cool to run off into 
the glass hottles^allcd carboys, for sale or transport to 
its dostination. 

•Jfclese coolers, which are simply sliallow lead vessels 
almost identical with the fimt-described pans, are, like 
the latter, formed out of an entire sheet of lead, 
sometimes half-inch, often of quarter-inch thick. This 
is, of course, an indifferent matter. The half-inch will 
last much longer, nevertheless it is not advisable to 
make them of less Ilian quarter-inch. These coolers 
j arc set oil iron plates in* the manner described with 

I lefcreucc to the upper pan; but the ends of tlie flues 

are open to the air, which, circulating through these 
passages, carries ofl' the heat. The sides and ends are 
IicM up by brick walls or other convenient supports. 

Very good and efficient coolers are constructed as 
follows : — The dimeuBions of an iron vessel, capable of 
liolding the quantity of vitriol likely to he run off from 
tho pan, are calculated — these parts are cast of about 
half-inch thick iron in such a manner that the whole 
can he securely bolted together. No care is requisite 
with respect to the accurate fitting of tho various 
joints, as tho whole must be lined with say quarter- 
inch lead. This lead must ho turned over the upper 
edge and flattened down so as to prevent any iiitil- 
tration of acid between the iron and tho load. Jf 
this is not attended to, tho acid which finds its way 
down will act upon tlie iron, producing protosulphate 
of iron in masses. These will continue to grow in 
size, and in so doing will push the lead from the iron, 
producing misshapen prominences, which will finally 
destroy the cooler, or rather necessitate the removal 
of the lead lining, the cleaning the surface of the 
iron, and finally relining with lead. Two .of these 
coolers, of six feet square and two feet deep, have 
been in use for some time ; they cool the vitriol very 
rapidly. They are not set on the floor, but on two 
low walls of brick, so that almost the whole surface 
of the Iron is exposed to the cooling influonoe of the 
atmosphere, and tho heat is quickly carried off. 

It is possible to construct coolers by simply lining a 
' wooden cistern with lead : such are used for crystal- 
lizing various salts ; but it is a question whether they 
can be recommended, inasmuch as the cooling must be 
very slow, on account of tho bad conducting quality of 
the wood which forms tho coating to the lead. 

In most Vitriol works two coolers are used in 
connection with the paa or pans. Suppose they are 
called No. 1 and No. 2, the mode of working resetn- 


bles that of the pans first described; that ifl, No. 1 is 
stiLpposed to be cool enough to bear bottling. When 
this is done, the contents of the upper cookr, No. % 
is DOW run into No. 1, while No. 2 is now ready to 
receive a fresh quantity from the lower conoentnatiDg 
pan. It will thus bo seen tliat in working a sot of 
concentrating pans and their accompaniments, four 
stages may be recognized. The nt)per pan partially con- 
centrates the acid ready for the lower pan, which then 
completes the concentration, From this lower pan it i 
is run into tho upper cooler, where it loses the greater 
portion of its heat, and finally it is run into the lower 
cooler, where it remains until quite cold or nearly so. 

Ilie system just described is in constant use in some 
works, but is not by any means universal, each manu- 
facturer limiting the extent of his apparatus to his wants. 
Tho arrangement most usually seen, especially in small 
works, is a single boiling-down pan, as it is technically 
termed; the heat passing beneath it up one flue and 
returning to the same end down another, after which 
it passes to the chimney. This pan is accompanied 
by one cooler. The raw acid from the chamber is 
run into this single pan, where it is cOncenh*ated up to 
the proper point, after which it is run into the cooler, 
where it stays until cold ; and if the pan is ready to run 
off again before the viti iol in tho cooler is cold enough, 
there is no help for it, but drawing the fires and lotting 
it stay in the pan until it can be accommodated. 

There is no objection to tliis system except, perhaps, 
that it is not calculated to do much work ; still h 
answers sufficiently well for small manufacturers. 

The manufacture of sulphuric acid has now been 
traced to the completion of a commercial product, 
w’hich, in the language of the trade, is called brown oil 
of vitriol, in order to distinguish it from a product of 
still higher concentration, to be immediately described. 
This brown oil of vitriol is used to a large extent by 
bleachers, calico-printers, dyers, and others ; its brown 
color, from which it derives its name, is due to a certain 
amount of organic matter which finds its way into it, 
and which, subjected to the joint action of the acid 
and heat, becomes carbonized, and colors the whole 
of a dingy-brown hue. This tint is often augmented 
from accidental circumstances. Sometimes the work- 
niiin lots tho rag or paper protector, wdth which he 
covers his hand while selling the siphon, drop jnto the 
pan, at other times fragments of wood-shavings or saw- 
dust find tbeir way into it ; when this is the case the 
vitriol well deserves its name of brown ; perhaps, under 
these circumstances, black would more nearly designate 
its color. When such an accident occurs, it is usual 
to destroy this black or brown color by sprinkling a 
small quantity of some highly oxidizing body into the 
vitriol while hot in the pan ; either nitrate of potassa or 
soda answers well for this purpose. Finely powdered 
black oxide of manganese may bo used. These bodies 
yield up sufficient oxygen to black matter to destroy 
it, or convert it into some colorless boifly which does 
not offend the eye. 

Monohydraied Sidphiric Acid^IkctiJied Oil of 
Vitriol — Efifflish Oil of FiVnoL— ^Brown oil of vitriol 
is not sufficiently strong for several purposes ; amongst 
others may bo enumerated the manufacture of the dyeing 
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oomjotmd known in commerce as extract of indigo* 
sometimes called sulphate of indigo, Fnming Nord- 
haiison acid is often directed to bo employed in the 
formation of this body, but in this country it is usual to 
employ the strongest English sulphuric fCcid. In order 
to procure this acid the following methods aro adopted : 
— It has been stated previously tliat the concentration 
cannot be safely conducted in lead beyond the density 
of 1*750, for if driven further, not only would the metal 
bo rather strongly acted upon, but there would bo cou- 
sidorablo risk of the pan -sides falliug in, in consequence 
of the softening of the load; so highjwould the degree 
of heat become before the last portion of water could 
be driven oil. The further concentration, then, must 
bo performed in vessels made of a material which will 
withstand tho Corrosive action of the boiling acid, and 
which is comparatively infusible. Glass at once sug- 
gests itself or some variety of earlhonwaro, such as 
porcelain, or, amongst the metals, platinum or gold. 
Of the former two glass offers most advantages, and 
of tho two latter materials platinum is preferable, 
inasmuch as it resists acids quite as 'well, and is 
much cheaper than gold. Glass has been employed in 
the concentration of vitriol from very early times, per- 
haps from the period when sulphuric acid began to bo 
understood, and its manufacture attempted on a very 
small scale, doubtless before the introduction of leaden 
pans. Platinum, on the other hand, is a comparatively 
late introduction. The glass vessels employed in the 
last concentration of sulphuric acid, or, as they are 
technically known, retorts, resemble very much the 
bottles or carboys used to trausport vitriol from place 
to place. Their figure is shown in section in Fig. 592, 
which represents the whole arrangement when at work. 


Fig. 692. 



These retorts vary some littlo in size, manufacturers 
having lately begun to.use much larger ones than were 
formerly employed. '‘Those in use at the present day 
are capable of holding more than twenty gallons of 
li(]uul, inasmuch as afmr the rectification or concentra- 
tion there r^ains in the retort sufficient *vitrioh to fill 
two carboys. This is equal to twenty gallons. 

The mode of workjiig can be gathered from the 
drawing, where A represents the fireplace; the flame, ct 
celf^ruj I'rom the fire play s round the cast-iron pot, c, finally 
making its exit into the flue, i). On the bottom of the 


iron pot just mentioned a quantity of Hry sand is laid ; 
and on this the retort, B, is placed, tlie sand servii^ as 
a steady support for it. The retort is not, as is some- 
times supposed, surrounded with sand; for, if this were 
done, it would run some risk of being broken, besides 
materially retarding tho cooling when the rectification 
was over. 

The retort being placed, as in the drawing, it is filled 
with cold brown vitriol ; and when this is done tho fire 
is lighted ; the arm, E, is put into its place ; tho appa- 
ratus gradually waiins up, and eventually the acid 
boils; water, with a little sulphuric acid, distils off. 
This vapor passes off by the stoneware arm, b, in In 
the leaden draught-pipe, F, where a quantity of it 
condenses; but the greater 'portion finds its way from 
thence into the chimney. Tho cofitcnts of the retort 
aro kept boiling for some hours, or urdil the brown 
color entirely disappears ; for this appears to l>o the 
only reaction by which to clctonnine the conclusion of 
the rectification. It would appear that the organic 
matter resists tho destroying or oxidizing action of tho 
acid, until it has reached its highest point of concen- 
tration and temperature. When the clearing has taken 
place, the fire is withdrawn from beneath tho pot ; and 
the whole arrangement is 
allowed to cool down to a safe ^ ‘ft- 

temperature, w*hen it is drawn 
off into carboys. This drawing 
off is effected by a peculiar 
siphon, being in fact what is 
known as MiTsciiEKLicii’s 
siphon ; but in this case, on a 
rather largo scale, as shown iu 
Fig. 593, it coiihisis of a siphon, 
with the shorter of its two legs 
turned back upon itself,' as 
shown at a. This turned -up 
portion should be as short and 
as close to tlie siphon log as possible, in order to bo the | 
nrioro easily inBcried into tho neck of the retort; it is i 
rather exaggerated in the drawing. In order to withdraw ! 
tJio concentrated acid from the retort, tho workman I 
first remover, the earthenware arm; tho siphon is tilled 
with water, tlio man keeping bis thumb firmly closed 
over the orifice of the longer leg. The shorter leg in 
inserted into the retort, and gontly placed on the bot- 
tom ; tho workman then removes his tlmmb for a few 
seconds, until the acid has driven before it the water 
with which tho siphon was charged; when this is done, 
the end is directed into a carboy which has been placed 
in readiness by an assistant. When the carboy is full 
tho orifice is again closed by tho thumb, whilo the full 
carboy is removed and replaced by another empty one. 
The whole range of retorts arc emptied in this manner. 

Tills product is tlio strongest English sulphuric acid ; 
it is c(ilorleMs or nearly /so, and is of the density 1*860, 
or 170° on TwAni>ELL*« hydrometer. 

Wlien treating of the coramencemont of this process, 
tho retort was directed to be filled with cold bro,wn oil 
of vitriol ; it was supposed in tliis case that the retort 
W'as newly starting; but as one diaTj;e is now sup- 
posed to have been worked off, it will .be more or less 
warm, and the introduction of cold vitriol at this June- 
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lure mi'glit possibly fraoturo it Therefore, it will bo sist^ of ft ^eat utimber of to totortft, wi& 
necessary to recliarge it with warm vitriol, or with ftecompftnyingBandpots,<*«<j<*fero,setmft bfttoy^ 
vitriol as nearly the same temperature as the retort as a number of them heated by one fire. 
possible ; and this must be made a rule, if annoyance have been the case at one time, it is not to enr 

would be avoided. custom to operate in this manner at the present day* 

It is usual to hod in. books treating of this matter, Such an arrangement could not have worked as well 
the apparatus for rectifying in glass described as con- as the present one, the probabilities being .tot to 



retorts which w^ere placed nearest the source of heat, 
would arrive at their maximum point of concentration 
some time before those at the end of tlio arrangement 
furthest from the fire were finished; in such a case it 
would have been necessary to have kept on filing until 
the whole set were done. The result would bo that 
a considerable quantity of sulphuric acid would have 
distilled off the finished retorts, while those in the rear 
were being finished. In the present arrangement each 
retort is by itself, has its own fire, and consequently 
works totally indepeudont of its neighbors. 

TIio defect of this system of operating is the great 
fragility ot the operating vessel, and the conse- 
quent liability to fracture either from a blow or other 
accident of the kind, or from change of temperature. 
The room or shed in which a conccnU'ating plant of 
this description is working, should be closed, air^ every 
precaution taken to prevent the access of draughts of 
cold air or other cooling influence. It is no imcommon 
occurrence for two or three retorts to bo cracked round 
the top, from the sudden lush of cold wind through an 
. opened door, in such a manner that the whole upper 
part of the retort could Ije lifted off; the crack having 
gone completely round it, and severed tlie upper por- 
tion as completely and as straight along the protecting 
edge of the sandpot, as though it had been done wiili 
ft diamond. Mr. Jones of Bristol took out a patent 
in to year 1845, for^a protector to obviate this 



accident. The protector consisted of a sort of sheet- 
iron bcll-jar, if such a term irmy be used ; this bell-jar 
has a hole cut in tlic upper portion, so that the whole 
may bo ])lace(l over a retort when in work, the nock of 
the retort protruding through this orifice, while the 
lower edge of this cover rested on the nppor edge of 
the sand-pot. Such an arrangement etiectually protects 
this part of the retorts from cold draughts, or drops of 
cold liquid, which, as may bo easily imagined, arc 
equally destructive. In fact, any cool or cold body 
coming in contact with the boated glass is fatal to it, 
causing much inconvenience ; for not only is the retort 
itself destroyed, but the contents are lost, also creating 
the gi'eatcst annoyance and discomfort, for tho vitriol 
ti’ickles or runs out, and, coming in contact with tho 
red-hot pot, is converted into vapor of a most suffo- 
cating kind, filling tho whole place. This calamity is 
.without remedy ; and even though a remetly were to 
present itself, it would be impossible to enter the place, 
and apply it, wiUiout running considerable risk of sof- 
focatiori. 

These risks and drawbacks were doubtless tho stimu- 
lants i^hich brought out the platinum retort, this costly, 
but efficient substitute being safe from the casualties 
just doBcribed* . This retort, with its appendages, is 
shown in Figs. 594 and 595. Tho former is a vertical 
section in front; ce, is tho body of to retort ; 5, tlie 
head ; c, a platinum tube leading ffom the l^ead to a 
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I leaden worm, which worm is kept immersed in water ; 
e is a platinum funnel, the tube of which is S-shaped, to 
prevent the return of any vapor. Tlie brown acid 
which is kept in the cistern,/, under which the waste 
i heat passes, is run into the body of the retort without 

1 the aid of any tap or valve by moans of the at-firat 

sight rather complicated, but really simple apparatus 
shown in the figure, wdiore ^ represents a round vessel 
in which a tube, /i, is inserted very near to the bottom ; 
i is another leaden vessel, which has a -slit in the side 


from the top nearly to the bottom, along which slit tlio 
tube, hj slides, when the vcsboI, y, is moved up or down 
by means of the cliaiii and pulley. A siphon, which is 
kept constantly set, connects the stock cistern,/, with 
the vessel, g, 'Plio Apparatus, when in the inactive 
state, as represented by tlie dotted lines, is as follows : 
—The siphon is full of vitriol, but tho surface of tho 
acid in the cistern being on a level with that in vessel 
(7, no fiow can take place ; when tho vessel, is 
lowered, tho levels become altered ; and as tho leg of 


Fit?, oas. 
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the siphon, which is in vessel becomos the longer, tho 
aoid begins to run into this vessel, and from this into 
vessel f, and thence into the funnel. 

Tho other portions of the apparatus being at the hark, 
are shown in Fig. 594, which is a side view; a, as before, 
is the body of the retort; 5, is a platinum tube about 
three-fourths of an inch in diameter, in wliich a glass 
float is placed to indicate the depth of li<pnVl in the 
still; c, is a siphon, also of platinnm, of the same diameter 
as the tube just n\entioncd. This siphon is inclosed 
in an iron tube, d ; between these two tubes a current 
of water can be passed. The sii>hon terminates in 
a platinum tap at d. The body of the still rests on a 
circular tile of refractory clay; the fii*e being below this 
tile, the flame rises at tho back of the still, circulates 
round tho sides, and finally passes from thence under 
the stock-pan. Tho course is shown in Fig. 595. 

The mode of working this still is as follows : — The 
workman fills up his still a few inches above tho highest 
point tho flame is likely to reacli ; the tire is lighted 
and kept on until tho contents are brought to boiling. 
The concentration then commences ; vapor passes olf 
through tho head and conducting tube into tho worm, 
where it again resumes tho liquid fijrm, running out 
into a vessel placed to receive it. Tliis liquid is always 
acid, but at first it is very weak ; it eventually reaches 
tt density of 1*2400. When this strength is alilaincd, 
the workman knows that the highest degree of con- 
centration is arnved at. If tho running-off siphon, c, 
is not set, he proceeds to do this by closing the tap, d. 
The two plugs are removed in the funnel,/, and tho I 
siphon is filled with vitriol ; the plugs are replaced. It | 


now only remains to open -the tap, when tho contents 
of tlie still begins to run oft'. The tap is allowed to 
remain open, until from three to four ii)»’hea of tlie slill 
contents aro drawn. The woikman is guided in tliis 
by the indications of tho glass flout before spoken of, i 
which serves as a gauge. The acid falls into tho 
cup, g, thence it flows through tho soi pontine coil of 
pipe, hj A, hj which is iinmoraod in water ; and finally 
it emerges still slightly warm at the end of the coil, 
and runs into the leeeiving V(‘sse], 2 , which vessid 
stands within another one, a stream of cold water 
from the tap, circulating between the two. Tho 
water tap,./, is also turned, when running oft', so that a 
stream of cold water cools llic sijdion itself. When 
the oyieration is over, tho workman proceeds to repeat 
tlie course of operations just deserihed ; ho fills up his 
still to its foniier level, attends to his fire, heats it up to 
tho proper jioint, and again allows tho acid to nm oft'. 

Such an apparatus, tho still itself having a capacity 
of from seventy to eighty gallons, is capable of pro- 
ducing thirty carboys of rectified oil of vitriol in twelve 
hours, two carboys being all that a glass retort could 
yiroduce in hventy bourn ; but this of course is owing to 
the latter requiring sucl i a length of time to elapse before 
its contents can be safely drawn off. A retort of tho 
above dimensions, with the siphon and float case, costs 
about fifteen hundred pounds,^ the price varying accord- 
ing to the thickness of metal, and consequently weiglit 
of ])latinum, yet it is generally admitted to bo a more 
economical plan of operating than the glass retort sys- 
tem. , But it is not free from disadvantages; it is neoes- 
.sary to bo careful that the vitriol contains no nitrous 
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compound, for if this be the ca^o, tho pIdtmUTn is rapidly 
attacked. To obviate this, it is usual to add a quantity 
of sulphate of ammonia to tho acid, while in the leaden 
concentrating pan, before it enters tho still ; the action 
of this salt is to decompose the nitrous body usually 
existing in vitriol. It is supposed that the following is 
the decomposition which takes place, assuming nitrous 
acid to bo tho body present 

NHs, SO 3 + NO, = SOs + 2 N -f 3 no. 

This may occur in some cases, but it is not the 
invariable result. If a litth sulphate of ammonia bo 
dissolved in a small quantity of tho nitrous vitriol of 
GAY-LtJsaA(J*s column, and the whole heated in a test 
tube, either NO^ or NO3 is evolved ; nitrogen very pro- ! 
bably is given off’ at the same time, but it is not the 
only body eliminated. When a rather large excess of 
sulphate of ammonia is employed, sulphiilo of hydrogen 
is formed in tho still, and can bo detected by the smell 
at the end of tho condensing worm; undoubted evi- 
dence of ils proseneo has been detected by means of | 
load paper. Tlie only rule tliat can be laid down for 
guidance as to the quantity to bo used, is tho addition 
of an increased quantity of the salt each day until 
nitrous bodies cannot be detected in the fmishod vitriol; 
Iho woikman at last obtains a good idea of the quantity 
to he added. 

Sulphuric acid is brought to a saleable condition by 
tho oinidoyment of one or other of llie methods just 
described ; but altliough these raetiiods are universally 
employed, otlicrs liave been proposed. The patentee 
who proi)OHcd to gencrale tho steam ncceRsary for the 
chamber by tlio combustion of the sulj>hur, also pro- 
I>osed to concoiitrato vitriol 
or any other liquid by moans 
of the heat from this source, 
hitherto, in tho inventor’s 
opinion, wasted. Tho idea 
is very ingenious, perhaps 
more so than practical ; but 
it would Jippear to bo doubt- 
f«il whether it is jiossihle to 
conoentralo vitriol at all by 
this process. Tho proba- 
bility is that the sulphur 
would begin to sublime before tho vitriol could be 
brought to the proper strength. I’ho process is not 
in use in any pail of the country, so that one may 
naturuJly infer that it is without practical value. 

Perhaps tho most ingenious pro[)osal for iJio concen- 
tration of vitriol is the ono about to bo described, tho 
prevailing principle of* wdiich is that of carrying over 
its surface streams of hot air, which, liberating and 
combining with the water, carries it off’. Tho apparatus 
consists of two distinct ]>ortions, the quo devoted to the^ 
production of highly heated air, and tho other to the' 
concentration. Tho former portion of the uppai*atns 
consists of a scries of iron pipes, a— Fig, 507 — set in 
brickwork; these tubes are heated externally by the 
flame of the furnace, 6, tho products of combustion from 
which pass up the space, c ; they then descend and bir- 
cnlato round the tubes, finally making their exit into the 
main flue by means of tho openings, d. Tho cold air 


from without enters the lower ends of which 

project into the arched recess, e, passes P»d» 

becoming highly heated during ils progFoaa, :enifl05B the 
space, /, and posses along the wide iron tube, 
thence into tlie concentrator. The portion of the 
apparatus devoted to the coneentration is constructed 
entirely of lead ; it consists of two concentric cylinders, 

/if 4> made of lialf-inch lead ; t », is a small space, tlie 
! use of which will bo explained hereafter, which e;idsts 
between them; both cylinders are closed at the bottom 
by being fused on to one sheet of lead ; the inner cylin- 
der is partially closed at the top, space only being left for 
joining on the leaden tube, y, which is a continxiation 
of the iron tube, fff spoken of before, and is for the 
conveyance of the heated air. The inner column or 
cylinder is filled with coke, or other suitable material, 
which offers a large surface for the acid to spread itself 
over, at the same time being unattocked by it. The 
following is the method of working this apparatus : — 
The opening into the arched recess from which tho 
cold air is drawn must bo closed, or if there be a 
damper or regi.ster beyond the concentrator between 
it and the chimney, this must be pusbed in. The 
funiace must bo heated up until the pipes and the 
chamber containing them are of a good red heat. This 
state of preparation having been arrived at, tho vitriol 
to be concentrated must he 91m on to the top of the 
inner cylinder; it rgns down and fills np the space 
existing between the two cylinders, rising up to the 
mouths of and running down the tubes, /e; these 
tubes are covered with lead caps, the bottom edge of 
these being immersed in the vitriol from an air-tight 
joint, which prevents any cold air being drawn in. 
Tho vitriol on flowing through these tubes spreads 
itself over the whole surface of the coke, wetting it 
thoroughly. When sufficient vitriol has been run in 
to saturate the w’bolo of the coke, the hot-air current is 
allowed to enter it, penetrates every space and crevice 
in the mass, and heating the vitriol up to a high point, 
carries oft' its water linally when saturated, making ils 
exit into the chimney by means of the wide tube or 
pipe, L. fl'lie vitriol becomes more and more concon- 
tratod, the nearer it approaches iho lower part of tlie 
cylinder. When it has arrived at this point, if the 
amount of acid and hot air have been proportioned to 
each other, it will bo found to be fully concentrated. 

It collects in a Stratum at the bottom, until the surface 
rises sufficiently high to flow off’ into a proper reservoir 
or cistern through a bent tube, M. The use of the 
double cylinder has two advantages — it heats tho sul- 
phuric acid somewhat, previous to its admission into 
what may be called tho concentrator proper ; and also 
keeps the latter cool, or rather lessens the risk of its •> 
fusing if too great a heat should be employed. 

Tho apparatus in tho form just described, though 
capable of concentrating vitriol, cannot be said to bo a 
success. The fusion of the lead in the up[ier portion 
was tlie weak point in this invention ; in order to work 
the apparatus with practical oflicioncy, it was necessary 
to have the air highly heated, in fact the current of air 
may be said to liave been red hot. Under these cir- 
cumstances it was almost impossible to avoid Iho fusion { 
of the lead tube which conveyed the hot air from 1 
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tbo heater. This greiat difificnUy,, combiaed with eomo invention or process capable of being carried on in its 
minor ones which, howoTor^ might be obviated, caused present sliape, yet, in tlie liands pf a patient operator, 
the inventor to rejihqiiii^. me idea. Although not an it might be made to yield better reaqjits^ It would 
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probably be a work of no little trouble and expense, 
yet if the anticipated result could bo obtained, it would 
amjjly repay any trouble or expcuac that njight be 
expended upon it. 

ProjjOsed Imiyrovenients in Manvfacturing Snljdturic 
Acid , — The ctfoits of inventors in connection with sul- 
phuric acid, would appear to have been directed to the 
substitution of some apparatus of smaller bulk, and less 
costly in construction, than tlio leaden chambers ordi- 
narily employed. Perhaps the simplest process embody- 
ing the above idea is that of Messrs. M‘Douoall and 
lUwsoN, who included it in a patent obtained by them 
in 1848. It consists essentially in passing a stream of 
sulphurous acid gas through nitric acid by which sul- 
phuric acid and binoxido of nitrogen — NOg — arc 
obtained os follows ; — 

3 SOg -f NOfi s= 3 SOa -f KOg, 

but tbe great point of Ibo process is the continual con- 
version and reconversion of this NO 3 itito nitric acid, 
to bo again used as before. The inventors s.iy, that the 
reaction which ensues may he best described by sym- 
bols. Thus when 3 NO 4 — tbe NO 3 evolved in tbe lirst 
reaction becoming KO 4 by combining with the excess 
of oxygon, wdiich Os atrnosphoric air accompanies the 
suljdiurous acid — is passed into water at a temperature 
of 100°, or upwards, 2 NO^ -}- NO^ results. This 
or, two atoms of nitric acid— remains in solu- 






tion, wliilc the NOg, which is an incondensable gas, 
bubbles through the liquid, and, mixing with the air 
which is above tbo li(piid, instei/fly takes two atoms of 
oxygen from it, and becomes NO 4 ; which, passing again 
through tbe liquid, becomes nitric acid and nitrous gas as 
before : and tlius nearly Uie whole of the nitrous fumes 
or gas is reconverted into nitric acid. It should be 
observed that the use of this reaction is claimed in 
connection with bcveral processes, such as the manu- 
facture of oxalic acid, ct cetera ; hut with regard to 
sulpliuiic acid, they further say — In our improved 
nictliod of manufactiiring sulphuric acid, we use a series 
of vessels, similar to that described in tlie lirst part 
of our iiivoution — a rngdification of "VVoulfk’s bottles, 
in fact — only that the first vessel of the series is con- 
nected with a sulphur burner. The mode of working 
IS to fill the first vessel two-thirds full of nitric acid, 
and all the others one-third full of water, to charge the 
burner witli sulphur, and then to put in motion the 
pneumatic apparatus connected with the last vessel of 
the series. Air is thus drawn over the ignited sulphur, 
so that suTpIiurous acid and air pass into a solution of 
nitric acid in the first vessel, when a portion of Uie 
sulphurous acid is converted with sulphuric acid, at tbo 
expense of the nitric acid; while the uncondensod 
sulphurous acid passes into tbe air, and iptrQUB gas 
into the next vessel ; and so, as in tbe first part of tho 
inventiou, we pass it alternately into water and air, till 
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the |)roces$e8 oxidation and oobdensation are com- 
plete. When the working has been continued for eome 
time, we find that the nitric acid haa entirely paased 
from the first vessel, and Weliave in its place sulpliurto 
acid nearly pui^. The same would take place with 
each of t^he other vessels of the scries, if the nitric acid 
which has been condensed in the vessels lower in tlie 
series, was not again returned to the higher ones, so 
that when we find the first vessel exhausted of its 
nitric acid, we remove the sulphuric acid which it con- 
tains, and supply it again with nitric acid, obtained 
from vessels lower in the series. We tlius produce 
sulphuric acid without the loss of nitric acidj as the 
lower oxides of nitrogen, given off in the oxidation of i 
sulphuric acid, are again converted into the higher j 
oxides, and again used for the conversion of sulphu- 
rous acid into sulphuric. 

The principle embodied in this process, namely, the 
perfect recovery of the nitric acid, has been the pre- 
vailing idea of many inventors. Some of the other 
processes to be deKcribod are based on the same 
reaction. About the same time as the date of the 
above patent, an ingenious modification of their pro- 
cess was being exporimented on, of which the following 
description is an outline: — The apparatus consisted of 
a burner for the productwm of sulphurous acid, and 
an ingenious substitute for the Woulfe’s bottles of 
the last-described process.. The burner, a— Fig. 598 — 
consisted of an iron chamber, closed up tight, with the 
exception of an inlet pipe for the admission of air for 
combustion, and an exit pipe for the sulphurous acid, 
proper means being allowed for llie introduction of 
the sulphur. The condensing or the conversion [>art 
of the apparatus consisted of two leaden troughs or 
cisterns; but, as they were exact counterparts of each 
other, a description of one will suffice. This trough, 
shoAVn in section in the figure, has, what may not 
be inappropriately called a false top, 5, a few inches 
below the real top, c. This false top, which was 
to all intents a sort of shelf, had borders or edges sol- 
dered on to it in such a manner that bad it been taken 
out and laid down with its under side upwards, it I 
would have resembled a large, shallow, square dish. ! 
This shelf, as just stated, was fastened inside the cis- I 
tern, within a few inches of the top, and in an inclined < 
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position, so that one end was rather higher than the 
other by about two inches, thus giving it a gentle slope— 
tho use of this will bo seen when describing its aotion. 
von. n. 


To work this apparatus the tWo w^ Mt 

^lled with wah^r or weak vitriol, and tW 
Was filled with nitric add ; a quantity <>f Btliphht was 
introduced into Ihe burner, and a cosd firo"' ignited 
beneath it ; a stream of air was then tamed on through, 
the tube shown in front of the burner, this stream of 
air being supplied by a pair of bellows, or other suit^ 
able apparatus ; when tho burner attained a suilidently 
high temperature, the sulphur ignited; sulphurous add 
^became generated ; this proceeded along the pipe, s, 
and was discharged beneath the shelf, 6. At this point it . 
was mot by a small stream of nitric add, which trickled 
from the vessel, the gases rolled beneath the shelf, and 
from thence beneath the shelf of the second vessel. 
The reactions, it is scarcely necessary to observe, 
must have been precisely the same as those in the 
last- described process; the gases in this case being 
t kept continually in contact with both air and water, 

; and not alternately, as in tho former case. 

I If, in tlie instances last given, the recovery and ad 
infinitum use of tlio nitrous gas has been the object, 
other motliods have been invented or discovered by 
which the use of this body is proposed to he dispensed 
with altogether. In this latter class of projects, the 
oxidation of the sulphurous acid has been sought to be 
effected by the use of some catalytic agent, no cheap 
chemical body of an oxidizing character having pre- 
sented itself capable successfully rivalling the nitrates. 
Tho use of spongy platinum, in consequence of its 
possessing the requisite property in a high degree, natu- 
rally was the first suggestion. Paunkll says this was 
attempted by Mr, Pbkegkinb Puilups. His process 
consisted in simply mixing the sulphurous acid with 
excess of oxygen in the shape of atmospheric air, and 
passing this mixture over balls of spongy platinum at a 
red heat. The combination took place, and the vapor 
was received and brought to a liquid state by means of 
a condenser, like those already described, consisting of 
a column filled with pebbles, kept constantly wet by a 
stream of water. 

Eventually it was discovered tliat platiiitlin was utit 
the only body adapted to the purpose; otiicr porous 
materials, it was found, were capable of eflecting the 
desired union of oxygen and sulpburons acid: for 
ScHNEiDEK states that he ^as succeeded in converting 
sulphurous acid directly into 
sulphuric acid by means of 
a porous body, for instance, 
pumicestonq, and that this pro- 
cess may be employed for 
manufacturing sulphuric acid 
^ of 170® Twaddell, without the 

^ necessity of leaden chambers 

t or of platinum retorts, Tliis 

\|/ has the advantage of being an 

immeasurably cheaper material 
a although it can scarcely be so. 

active, 

- « — ^ M. Blondeau de^bribes 

another process of the same 
nature as the last The author has studied the pro- 
duction of sulphuric acid in certain natuml con- 
ditions. He instances tlm Bio Vinagre Pasiambo in 

6 It 
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$outb America^ the water of which,' he says, according 
to an eetimath of BocasiW^AtJLT, siippiieB Bomethihg 
like thuty-fonr tone of Mphurio acid in twenty-four 
houtB ; and also another instance in which three timeB 
this qnatitity was i^odaced. M. BuoNinsAU also exa- 
mined the production of certain natural snlphates, such 
as those of potasaa, soda, alumina, cetera^ and tho 
oondiiioiie under which they are produced. Reasoning 
from hiO oheervations, he was induced to try whether 
certafn natural conditions, under which sulphuric acid 
was produced, could nOt bo imitated in the laboratory ; 
Im succeeded in the following manner ,* — A quantity of 
argillaceous sand was placed in a porcelain tube laid 
across a furnace, an apparatus for generating sulphurous 
acid was attached to one end, together with a tube from 
a gasometer containing air, and a retort for generating 
steam. A tube was attached to the other end of tho 
retort, which led into a small vessel containing water, 
for the purpose of condensing any sulphuric acid which 
might be formei The tube was heated rod hot, and 
a ^ow stream of mixed air, steam, and sulphnrons acid 
Was passed through ft. At the end of the experiment 
a quantity of sulphuric acid was found in the condens- 
ing flask. M. Blo^dbau suggests this as a mode of 
making Sulphutic acid on the large scale: 

WontER has giveii us the results of some inter- 
estiog experinoehts on the production of sulphuric acid 
by tho instmtnentality of certain metallic oxides, some 
acting catalytically, others as simple oxides, yielding 
up a portion of tlieir oxygen, fhemselves being con- 
vetted into lower oxides. He passed a mixture of 
sulphurous acid and oxygen over several metallic oxides 
placed itt a porcelain tube, and kept at a red heat ; but 
he does not say whether he passed water vapor simui- 
taneOudy with them. He says that oxide of copper, scs- 
quioxideofiron, and oxide of chromium, each separately 
employed, instantly caused the production of dense 
white fumes of sulphuric acid. A mixture of oxide of 
copper and oxide of chromium, prepared by precipita- 
tion, had in particular a very energetic action. The 
same amount of oxide appeared capable of converting 
an indefinite quantity of the gases into sulplniric acid. 
He goes on to say tliat the production of sulphuric acid 
proceeds so readily that the process will undoubtedly 
become practically employed. When sulphurous acitl 
alone 18 passed over oxide of copper or iron, the first 
is reduced to rod oxide — Cu^O, — and the latter to black 
oxide — Fe, 0 | — with production of sulphuric acid 
vapors ; but which, however, cease to appear as soon as 
the reduction is complete, Wohler gives the reaction 
of several oilier bodies ; be also states that sulphurous 
acid, oxygen, and water vapor, passed through a tube 
alone, do not give rise to any suliiliuric acid. 

These ideas of WoMler appear not to have passed 
without notice, but on the contrary have been most 
tmcs^emoniously claimed and patented. 

Mr, G. Robb, in a patent which he obtained, March 
26 th, 1653 , proposes passing sulphurous acid and 
heated air over the surface of heated sesquioxido of iron 
— ftulphurio ooidris fbeptoduct. He proposes also to 
take up the sulphuric acid as formed, by passing sulphu- 
rous acid mix^ with air over a mixture of sesquioxido 
of iron and common salt— sulphate of soda is formed. 

i 

ALPREfi Trueman obtained a pat^t for iihprove- 
ments in the manufacture of sulphuric acid When 
roasting copper oreC, et cetera. This inventioii coTtelsts 
in passing tlte Sulphurous acid resulting fiiom the 
roasting copper ores, mixed with Oxygen, atmospheric 
air, or other suitable material containing oxygen, In 
contact with heated platmwm, aacide of iron, or other 
substance, having in a heated state the property of 
causing the combination of sulphurous acid and oxygen. 

The inventor also claims theso bodies when diflhsed in 
burnt clay, pumicestone, or other eiiitable body* 

Anotlier process proposed for the manufacture of sul- 
phuric acid is that of M. Mauoueritte* It is entirely 
difleront from any yet described ; it consists essentially 
in the separation of the already formed eulphurio acid 
from sulphate of lime. It is as follows : — Phosphate 
of lead is decomposed by hydrochloric acid ; the phos- 
phoric acid thus obtained is mixed with sulphate of 
lime, and the mass is calcined, When jihosphato of lime 
remains and sidphurio acid is expelled. The phosphate 
of lime is decomposed by boiling with the chloride of 
lead already obtained, when phosphate of lead is again 
produced; this is again decomposed by hydrochloric 
acid, and the i)hosphoric acid set free again employed in 
the decomposition of a fresh portion of sulphate of lime. 

In this process tho hydrochloric acid is lost in the form 
of chloride of calcium. It must consequently always 
bo replaced, but when the .8uli>huric acid produced is 
employed in the dccomj)OBition of common salt for tho 
production of sulihate of soda, tho necessary quantity of 
hydrochloric acid is always reproduced, witli the excep- ! j 
tion of ur.avoidablo losses By this process sulihuric j 
acid may be separated from sulphate of baryta and | 
other sulphates. He then proceeds to state that, if | 
necessary, quantities of hydrocliloric acid may bo ob- | 

tained from chloride of magnesium by hentittg it to | 

redness when it is decomposed, especially when mixed 1 
with clay. This process is, however, not very likely to i 
come into operation ; it would require more hydrochloric 
acid than the author ai>pcars to caJculatc upon* If tho 
composition of bone earth were CaO PO^, there would 
bo a possibility of making vitriol by the reproduced 
hydrochloric acid. 

Sulphate of lead has l>een patented for flio same pur- 
pose, bj' decomposing it with strong hydrochloric acid — 

PbO, KOr -P HCl =: injCl -j- HO6O3 

Hulpltnid of llydrochlorlo CldorUlo Saljilmrlo 

1*10(1. add ol l4jad. j 

Impurities in Sulphuric Acid, — Sulphuric acid of 
comincTcc invariably contains lead. It is not difficult 
to account for the presence of this body when one reflects 
how much the acid is in contact with this metal in tl»e 
chambers, concentrating pans, et cetera. Lead always 
makes its appearance as sulphate when strong acid is 
diluted with water, the concentrated liquid beiijg able 
to dissolve a portion of this salt wluch, when diluted, it 
is not able to retain. Nitrous compounds ore found also, 
together with traces of hydrochloric acid Traces of 
selenium'' have also been detected. Arsenic is a com- 
mon impurity, derived usually from tlie iron pyrites, 
from which much acid is made;* Traces of atsenic 
have also been detected even in vitriol made from 
commercial sulphur. Sesquisulphate of iron has also 

! L— ... .,. , .... ^ - , . — ■‘-j# — -J 
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Wen fouad to be presenti For the greet majority of 
porpoBoe these impuritiefl are not found inconveniont 
in the arts; while, on the other hand, for some Bpecial 
uses, a process of purification must bo had recourse to, 
Pwrificatim , — ^When this is required for analytical 
or oilier .purposes, distillation must be had recourse to. 
This, in the case of sulphuric acid, is a disagreeable 
process, not altogether fiW fiom danger, firom the 
viokut ocmcussions occurring in the retort* It Is usual 
to put a quantity of strips or fragments of platinum into 
tiio acid to obviate this bumping. A very simple 
condensing arrangement is nocessoiy. The beak of the 
retort merely requires ioBertion rather loosely into the 
nock of a fiask or wide tube. 

For the purification of sulphuric acid from peroxide 
of nitrogen, nitric, or arsenious acids, Dr. J. LSwe 
recommends heating it, in the first place, with oxalic 
acid. This acid, heated with strong suliihuric acid, 
becomes first dehydrated, and then, as is well known, 
decomposes. Carbonic acid and carbonic oxide gases 
arc giA»*cn off. This carbonic oxide, being in the nascent 
sfate, has a strong tendency to deoxodizo any liiglily 
I oxidized body ; therefore the peroxide of nitrogen and 
: nitric acid give up a portion of tlicir oxygen, becom- 
ing reduced to nitrogen, or nitrous oxide — NO — which 
i bodies are not capable of being retained by the sulphuric 
j acid, and thcrdforc fly off. A t emperature of 230° is rcqiii- 
I site ; at this heat the oxalic acid readily decomposes ; 

I it is added to the Bul][»buric acid, to be purified in small 
I proportions in a dry state, as long as tiie sulphuric acid 
I continues of a yellow tinge, and until a sample allowed 
to cool fails to show the presence of nitrous corapomids, 
when heated with protosulphate of iron. The same 
author proposes eliminating the arsenic from sulphuric 
acid by converting it into chloride of arsenic, which is 
very volatile. The vitriol is heated in a flat dish, and 
small quantities of finely powdered cldoride of sodium 
are added, stirring all the wlido with a glass rod. The 
arsenic passes off’; tlie following being tlie reaction, 
the arsenic existing as arsenious acid : — 

3 (SO., IfO) + 3 (NaCl) -f AhO* = 

3 (NftO sOy) H- AfcCiy -f 3 no. 

The operation must be conducted under a chimney, or 
other place where the arsenical fumes will be instantly 
carried off, so as not to injure the operator. 

To avoid tlie troublesome and dangerous process 
of distillation, Augustus A. Hayks proposes to purify 
sulphuric acid in a very simple manner, namely, by 
crystallizing it. He first adds a small quantity of salt- 
j>otro to the acid while hot, in the leaden pan, and at 
a density it cold of 1760, This destroys all organic 
matter, brownuess disappears, and the acid becomes 
clear. A little sulphate of ammonia is now added, to 
destroy any excess of nitrate, as well as any nitrous 
compound aheady existing in it. The acid is now 
concentrated to a density of 1780, and run off into 
* deep vessels of lead, which are allowed to cool to 
a temperature of 32° ; they stand so until dear ; tliey 
are run off into shallow load vessels, so {daced 
that they may become refrigerated to 0°* The acid, 
which has now nearly the composition SO# 2 W, 
would solidify if allow^ to remain long eifioiigH; but 
the vessels must stand only until one ha^ tiite bulk has 


assumed the crystaSine state; tiie motiisr 
pomed oft This mother liquid may be any 

ordini^y puiposes, such as the decomppsithm of 
common sak, et The ciyatds are bt^eo 

after being washed with tmre acid of a former Opet'a^ 
tion, and are fiised in a glasB or porcelain vesbel, when 
they form pure sulphuric acid* 
jbetection onef EsHmeUioii of Bul]^wrh 
phurio acid is detected by means of a salt of baryta^ 
this earth being c^ble of separating it from dmpst 
any combination, forming with it sulphate of baryta. 
In some cases, when testing for stilphurio acid, it is 
necess^ to be very cautious; for instance, when 
endeavoring to ascertain its presence or otherwise in 
the nitric or hydrochloric acid of commerce, it is 
necessary to dilute these acids before adding a salt of 
baryta. If this is not done the nitrate of baryta, or 
chloride of barium, will itself be thrown down as a crys- 
talline precipitate, liable to be mistaken for sulphate of 
baryta; but, if so, the addition of water to the precipi- 
tate will cause it to disappear, which will not be the 
case if the precipitate is sulphate of, baryta. This 
latter salt, being very insoluble in water, furnishes us 
with a correct method of estimating sulphuric acid; 
for tliis purpose a weighed portion of the acid or any 
of its salts is placed in a beaker glass, and diluted with 
or dissolved in water. If it ij a sulphate, the solution 
should ho made slightly add with nitric or hydrochloric 
acid, but if it is sulphuric acid alone that is being 
examined this addition is unnecessary ; in either case 
tlie liquid is boiled, and, while boiling, a solution of 
chloride of barium or nitrate of baryta is poured in ; 
the whole is allowed to boR a little longer, when it is 
removed to cool and settle. A littio of the clear liquid 
above the precipitate is then tested, by the addition of 
a fresh portion of the baryta salt. If a precipitate is 
produced, it shows that all the sulphuric acid has not 
been thrown down, in which case it is necessary to 
add more of the barytio solution and boil again ; if, 
after settling and further addition of baiyta, no pre- 
cipitate is produced, the whole must be thrown on to 
a filter, washed carefully with hot water, and dried. 
It is then ignited in a platinum or porcelain crucible and 
weighed; 116*0 partis, or one equivalent of sulphate of 
baryta, are equal to forty-nine parts, or one equivalent of 
monohydrated sulphuric acid, or forty parts of anhydrous 
acid. This roeibod would be found too tedious to follow, 
except on special occasions; ordinarily the manufac- 
turer relies on the indications of his hydrometer — that 
is, ho takes the density for his guide. To enable us to 
arrive at the real value of the sulphuric acid from the 
density, several tables have been drawn up, of these. 
Dr. Ure’s is commonly used. 


AMOUNT OF DRY iiClU IN SULPHUBIO ACID. 


SOa no. 

Speciflo grftvity. 

SOp. 

100 

1-84S5 

81-54 

90 

1-8475 

80-79 

98 

, 1-8400 

79-90 

97 

1-8439 

79-09 

96 

1*8410 

78-28 

95 

* . . . . 1-8370 

77-46 

U 

1-H330 

76-65 

93 

1-8290 

7.'5-88 

99 

1'8l>33 

76-09 

91 

1*8179 

74-02 

90 

1-8U6 

73-39 
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AMOUNT OF 

"SQaHO 
' b9 
88 
B7 
m 
85 
84 

63 

62 

81 

80 

79 

78 

77 

78 
75 
H 
73 
72 
71 
70 

09 
08 
67 
00 
65 
04 
03 
62 
6t 
GO 

59 
58 
67 

60 
55 
54 
53 
62 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
89 

38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
20 
25 
24 
23 
22 
2L 
20 

39 
18 
17 
16 
15 
14 
13 
12 
1] 

10 
9 
8 
7 
6 


©uy ACIP IN OULFBCttlO AGJI>^C(mH/tU6d, 
OiMKSlib SOtt 

Ms043 ...... 72*57 

....o M902 ...... 71*75 

...... 1^7870 70^94 

1*7774 70*12 

...... 1*7678 69*31 

1*7570 68*49 

1*7465 67*68 

1*7360 66*86 

1*7245 ...... 66*05 

1*7120 65*23 

1*6993 64*42 

1*6870 63*60 

1*6760 62*78 

1*6630 61*97 

1*6520 61*15 

1*6415 00*34 * 

...... 1*6321 69*52 

1*0204 58*71 

1*6090 57*89 

1*5975 57*08 

1*5868 56*26 

1*5760 55*45 

1-.5648 ,54*63 

1*5503 63*82 

1*6390 63*00 

1*5280 52*18 

1*5170 51*37 

1*5066 50*65 

...... 1*4960 49*74 

1*4860 48*92 

1*4760 48*11 

1*4660 47*29 

...... 1*4560 46*48 

...y.. l*44fU) 45*60 

1*4360 44*86 

1*4265 44*03 

1*4170 43*22 

1*4073 42*40 

1*.3977 41*53 

1*3884 40*77 

1*3788 39*95 

1*3697 39*14 

1*3612 S8*;i2 

1*3530 37*61 

1*3440 30*69 

1*3345 35*83 

1*32.55 35*06 

1*3165 31*25 

1 *3080 33*43 

1*2999 32*01 

1*2913 31*80 

1*2826 30*98 

1*2740 30-17 

1*2654 29*35 

1*2.572 28*54 

1*2490 27*72 

1 *2409 26*91 

1*2334 26*09 

1*2*200 25*28 

1*2184 24*45 

1*2)08 23*65 

.. .. 1*2032 22*83 

1*1956 22*01 

1*1876 21*20 

1*1792 20*38, 

3*1706 19*57 

1*1626 18*75 

1-1649 17*94 

1*1480 17*12 

1*1410 16*31 

M330 16*49 

M246 14*68 

1*1165 33*86 

1*1090 13*05 

1*1019 12*23 

1*09,53 11*41 

1*0887 10*60 

3*0809 9*78 

....V. 1*0743 8*97 

1*0682 8*16 

1*0614 7*34 

1*0644 * 6*52 

1*0477 5*71 

1*0405 4*89 


amount iOF acid IK AOiB — OmtixmotL 


5 

4 

3 

2 

1 


Bpeolflo gravity. 

1*0336 

1*0268 

1*0200 

1*0140 

1*0074 


In this table there is opposite a list of different densi- 
ties, tlie quantity of dry acid per cent., either dry or 
monohydfated. To bring the degrees of Twaddell’s 
hydrometer to those of tlie real specific gravity, it is 
only necessary to multiply the first by five, and add 
one thousand ; thus, supposing a sample of vitriol to 
stand 150® on T Waddell’s hydrometer, multiply tliis 
150® by 5®, and one has 750°; to this add 1000^ and 
l;he specific gravity, 1*750® is obtained. Now, to ascer- 
tain the amount of real sulphuric acid in this sample, 
it is only necessary to run through the table and find 
the density 1*750°, ortho nearest aj)pr(mch to it, which 
in this case is 1*74G°. It will bo found then tliat the 
sapiplc would contain cighty-threo per cent, of the 
inonohydrated acid, or C7*G8 per cent, of dry acid. 

This method of arriving at the value of a sarnidey 
thougli very convenient, is liable to error; for instance, 
tlie sample might contain foreign matter dissolved in 
it; this would augment the density, and cause it to 
appear of more value than it really is. A slight change 
of temperature also will alter the density considerably. 
The following table, the production of ]9r. Pakkes, 
shows the gradual lowering of the density as the teni- 
porature increases, so that, even though the sample may 
l)e free from foreign bodies, error may creep in. From 
tliis table is evident, that tlie density of all samjdcs 
of vitriol should be taken, as in the case of Dr, UiiE’s 
table, at as near as possible GO®, 

TAKKe’s TABLE OP VAiaATIONS IN IHINSITY CP CONCENTRATED 

SULrilUIllO Acin through change of temperature. 

'CtinifK'rftturo 

lalinnhelt D«*njilfy. 

30’-' 1-8591 


52 1-8511 

56 1*8500 

GO 1*8468 

63 1*8449 

63 3 -8435 

70 1-8430 

74 1-8413 

80 1*8381 

84 1-8343 

Again, when the density of a sample is high, it is diffi- 
cult to estimate it with sufficiont accuracy. If one exa- 
mine Dr. Uhe’s table, he will find that acid of 1*8439 
specific gravity contains ninety-seven per cent, of mono- 
hydrated acid, while the density of the monohydraled 
acid itself is but 1*8485— thus the alight difference of 
*0046, or rather less than one degjce on the hydros 
meter, equals three per cent. To- obviate tliis, Dr, 
Dalton proposed that the boiling point should be 
taken as the guide, instead of the specific gravity, inaa** 
much as it permife a range of ten or twelve degrees for 
one per cent, of real acid. For this purpose he fiiew 
up the following table 


TAKTAftIO AOm. 


»a, TAB^B BOILIKO POINTS OP SOLPlltTliiO 


, ACID AT mPFBRlSST fiTRBNaTHS. 


Speoiflo gnivlty. 


Dry AOldlMroent. 


BoUltiff |K>lni. 

1‘850 


81 


620® 

1-649 

A « 4 « 

80 


605 

1-849 

■ » 4 A 

79 


690 

1*847 

* « 4 

78 


576 

1-845 


77 


, .660 

. 1*842 


76 


645 

1*838 


75 


630 

1*833 


. 74 



1.827 


73 


601 

1*819 


72 


487 

1-810 


71 


473 

1*801 


70 


400 

1*791 


09 


447 

1*780 


68 


435 

1*709 


67 


422 

1*767 


60 


410 

1.744 ' 


65 


400 

1*730 


04 


801 

1*716 


63 


382 

1*099 


02 


374 

1*084 


61 


367 

1*670 


60 


.300 

1*060 


68*6 


350 

1-520 




200 

1-408 


40 


200 

1 -300 


SO 


240 

1-200 


20 


224 

1*100 


10 


218 


Tn addition to tlicso mctliods, there may ho mentioned 
that of testing the value of vitriol by an acidimctrical 
process, with a standard solution of alkali. 

Mr. Pktku 11a kt, of Manchester, kindly supjdled 
some vuluablo information which tho Kditor has incor- 
porated in this monograph, 

TABTABIC ACID— 2 110, 0^ II* 0,o — Acide taHaruiue^ 
French, WeimUinmurc^ German — was first obtained 
in a separate state by Scihoele in 1770. It is found 
I)artly free, partly combined with bases in many plants. 
It exists most largely in grapc-juico, but it is met witli 
also in tamarinds, and the berry of the mountain ash ; 
in madder, potatoes, cucumbers, quassia, squills; in 
mulberries, pine apples, ct cetera. 

Preparation, — In order to prepare the acid, four 
parts of crude tartar — argot — are suspended in boiling 
water, and one part of chalk added. As soon as the 
effervescence entirely ceases, and the liquid no longer 
reddens litmus, tho tartrate of lime is allowed to settle 
at tho bottom, and the clear tartrate of potassa decanted. 
'J'he change which takes place, is as follows 

2 (KO, no, Cg II4 Ojo) + 2 (CrO, OOg) = 2 CuO, Cg n4 Olo 

\ ^ > 

Cream of tartar. Carbonate nf lUUo. Tartrate of Ume 

4-2KO, C8H,0,„ + 2C0 j 

\ ^ t • 

Tartrate of {lOtuasa. 

The dissolved tartrate of potash may be further decom- 
posed by chloride of calcium : thus — 

2 KO, Cg H4 Oio + 2 CaCl = 2 KCl + 2 OaO, Og H4 0,o 

The well-washed precipitates are digested with sul- 
phuric acid diluted with teu parts of water, five parts of 
tho tai*tar employed requiring three parts of the acid. 
Sulphate of lime is formed, and tartaric acid set free. 
On evaporating the filtered solution in leaden vessels 
to the consistence of sirup, tai-taric acid crystallizes in 
large, transparent, colorless, oblique rhombic prisms of 
agreeable sour taste, and specific gravity 1*75 ; is readily 
soluble in water and alcohol ; unalterable in air. When 
greatly heated, the crystals become strongly electrical. 


Boiled vlrith nitric acid, tartaric acid is defeoU^sed hifo 
fooric, osabC) and saccharic acids. Bbil^ ’sdthihyper- 
oxide of lead* it becomes oxidized Uhd <manged into 
formate of lead, water, and carbonate of lead, ^us-^ 

2 HO, Og Hg Oxd -f e PbOg =? 2 CPbO, Og UQ^ + 

' Turtikrle of Fon&*toofl««dt 

4 (FbO, COg) 4- i HO 
» , 

’ CatbooAte Of 1 «aA WAtor* 

If heated with alkalies, a mixed oxalate and acetate 
results, with evolution of water, thus — 

2 110, C8H4 0it, + a ,(HO,KO) =; ^0,Cg0^ 4- 

Toi-iorlo oold. rotom. OXAlAtoofpotfuth. 

KO, 0*HaOs +■ 6H0 

, , > -w-Y^ 

Acetato of |)Otama. Yf Ater. 

Mixed with spongy platinum and heated in a stream 
of oxygen, tartaric acid is at 482® completely resolved 
into carbonic acid and water. 

Tho action of heat upon tartaric is as instructive as 
it is remarkable. 

‘It melts between 338® and 356® and without losing 
weight is changed into a mixture of two acids — ^meta- 
moric with tartaric acid. 

Me I'ATAK'J^AR ic Acid— Cg 0,2 ; or 2 HO, Gg 

O^j, — forms a transparent vitreous mass. It is bibasic, 
but its salts arc more soluble *<han the corresponding 
ones of tartaric acid. 

isoTAiiTAPJC Acid — HO, CeH., 0,, — ^is monobasic. 
Its salts are isomeric with the bitartrates, but very 
much more soluble. Solutions of isotartrates as well 
as of metatartrates are changed by boiling into tar- 
trates. ^ 

If tartaric acid be heated to 374® it fuses; two 
equivalents lose one equivalent of water and become 
changed into an acid, called by Fremy, tartualic 

ACID— 3 no, C,g Hg O20. 

If tho heat bo still longer continued tartaric acid 
loses half its basic water and becomes tartreCIC 
ACID— 2 110, C,g Hg O.o. 

Most probably botli tartralic and tartrelic acids are 
mere combinations of anhj'drous tartaric acid with 
varied proportions of crystallized tartaric acid. 

If tho heat — 374® — bo carefully maintained for yet a 
longer time, anhydrous tartaric acid orTARTAHic 
ANHYDRIDE remains in form of a white, porous mass 
insoluble in water. Adherent tartrelic acid is removed 
by washing with water till the wash liquor no longer 
reddens litmus. By coTitact with cold water for a few 
hours anhydrous tartaric acid resumes its basic water. 

Small quantities of tartaric acid are completely' de- 
composed in an oil-bath at 612®, leaving only a riight 
carbonaceous residue. 

Tartaric acid is much used by dyei^ and calico- 
printers for tho removal of certain mordants from 
portions of the cloth. It is also used in preparing 
efiervescing draughts. In tlio blood, tartrates are 
changed into carbonates. 

Aqueous solutions ,of tartaric acid, especially when 
hot, exercise right-handed rotation upon polarized rays 
of light — tho angle of deviation corresponds to the 
quantity of acid traversed by the ray. 

Tartaric acid is hihasic ; its salts are tartrates. 
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TABTABIC ACID Taktbatiss, 


Bitabthatb op Potassa— K 0 » ho, Cg 
I the otTsaw ^ turtar or ar^ol of commerce) and is 
obtained chiefly aa m fcoruatatian from the inside of 
wine casks. It crystelflzea in hard, opaque, oblique 
rhombic pfisms, of snowy wjiiteness when pure, and 
of sour taste ; solubW in one kundred and eighty parts 
of cold fluid six of ImiHng water; in alcohol nearly 
insoluble. Heated to redness in close vessels, a mix- 
ture of carbonate of potassa and charcoal rosults-^much 
used as hl^ch Calcined with its own weight of 
nitre, white flux^ or carbonate of potassO) is obtained. 

Neutbal Taki^iute op Pota8Sa~- 2 K0‘ Cg 
-—by slow evaporation in transparent, colorless prisms, 
somewhat deliquescent, and very soluble. 

Bitartrate op Soda— NaO, HO, 0^^, 

2 HO— in transparent, colorless, right rhombic prisms, 
from a hot solution of the neutral salt, mixed with half 
its weight of tartaric acid. 

"Neutral Tartrate op Soda— 2 NaO, Cg 
0 ,^, 4 HO— soluble in ^ve of cold and half their 
w'cight of boiling water. In transparent, colorless, 
right rhombic prisms. 

Neutral TabTbate op Potassa and Soda— KO, 
NaO, Cg 8 HO — is Rochelle salty obtained by 

i neutraliasing creiun of tartar with carbonate of soda, 
i In largo, transparent, colorless, right rhombic prisms, 

! suhible in 2*62 paiiis qf water at 42 **. The salt is 
: medicinal. 

Bitaetrate op Litiiia— LO, ho, Cg Hg O^g, 3 IIO 
— in small crystals, very soluble in water. 

Neutral Tartrate op Lithia— 2 LO, Cg H^ 0^^ 
— whit^, opaque, deliquescent. 

Bitartrate of Ammonia— NH^O, UO, Cg H^ 0,^ 
— in delicate needles, but little soluble in watef. The 
crystals are in form of oblique rhombic prisms. 

Neutral Tartrate op Ammonia— 2 NH^O, Cg 
H^ Ojg— in oblique prisms, readily soluble, and witli a 
ttisto like that of nitre. 

Neutral Tartrate op Potassa and Ammonia 
I — Kp, NH^O, Cg II^ Ojg — in transparent, colorless 
I prisms, isomorphous with neutral tartrate of potash. 

: Neutral Tartrate op Baryta— 2 BaO, Cg H^ 

! Ojft— a crj'stalline powder, soluble in eight hundred 
I parts of cold Water. 

I Neutral Tartrate of Strontia— 2 SrO, Cg 
I Oio, 8 HO — soluble in one hundred and forty-seven 
! parts of water at 

j Bitartkate of Limb — CaO, IIO, Cg H^ On,— in the 
fruit of Rhmf typhinum^ in crystals, sparingly soluble 
in water. 

Neutral Tartrate of Limb— 2 CaO, Cg 0,0 
— occurs in grapes, and mixed with crude tartar j also 
in senna leaves. Neutral tartrate of potassa forms, 
i with chloride of calcium, a crystOjiline precipitate — it is 
the salt obtained in making tartaric acid. Crystals, 
right rhombic prisms mth octahedral summits ; soluble 
in twelve hundred parts of cold water. 

Bitartrate of Lime — CaO, HO^ C# 0 ^— in the 
fruit of Rhus tiffhimm. The crystals di^olye m one 
hundred and forty parts of water and redden litmus. 

NEUTRAU ^IaRTRATB op JdAGNEmA — 2 lilgO, Cg 
H4 Ojo, 8 HO— obtmncd by ^gesdng exonse of mag- 
nesia alba in dilute tartaric acid. Oryst^line crusts 


soluble In one hundred and twenty-two parts 6 f cold . 
water. Like tartrate of Hme; the residue by ignition is 
pyropborio. 

BiTABmATE op Magnesia— M gO, HQ, (3ft H4 Oj« 

— when excess of acid is employed* Bix-sided prisms 
soluble in fifty-two parts of cold water. 

Tartrate op Alumina occurs in Lycopodium 
(duvatuMt Very soluble. 

^ Tai#bate op Lead — 2 PbO, Cg H 4 Ojq— by pre- 
cipitating neutral acetate of load with tartaric acid. A 
white crystalline powder, almost insoluble in water. 

Prototartrate op Iron is made from iron filings 
and dilute tartaric acid, with exclusion of air. A white 
powder requiring four hundred and twenty-six parts of 
cold water for solution. It is said to contain thirteen 
per cent, of water. 

Pertautrate op Iron, by dissolving the freshly 
prepared hydrated peroxide of iron in solution of tar- 
taric acid. Its solution is not precipitated by alkalies. 

POTASSO-TARTKATE OP IttON — KO, Feg Oj, Cg 
H4 Oji, — is an important medtcinal salt. It is obtained 
by digesting the hydrated sesquioxide of iron wnth 
water, and bitartrate of potassa at 125 ° for twenty- 
four to thirty-si.K hours, and cvai)orating the residue 
on plates. In lustrous scales of dark brown color. 

Ammonio-tautrate OF Iron— NH„ Fcg O3, Cg 

Ciy, 4 HO. Made like the previous salt, with sub- 
stitution of bitartrate of ammonia. It is quite stable 
in composition when its solution is boiled. 

Tartrate of Copper— 2 CuO, Cg H4 0 ,o» 6 HO— 
by precipitation of acetate of copper with tartaric acid. 

A very light blue powder, soluble in one thousand 
seven hundred parts of cold water. 

POTASSO-TARTKATE OF CoPPER— KO, CuO, Cg 
H* Qio — boiling oxide of copper in solution of cream 
of tartar. Crystals dark blue ; soluble, 

TARTRiSTE OF SILVER.— 2 AgOjCftlliOio— by mixing 
neutral tartrate of potash or Rochelle salt with nitrate 
of silver. A white, crystalline, lustrous powder ; gently 
heated, spongy silver remains, with evolution of pyro- 
tartaric and carbonic acids. 

Potasso-tahtratb OF Antimony— KO, SbO^, Cq 
n4 0,0, HO— is extensively used in medicine under 
the name of tartar emetic. Three parts of oxide of 
antimony are made into a thin paste with water, and 
mixed with four parts of bitartrate of potassa. The 
mixture is digested for several hours, and then boiled 
with eight parts of water. Tlio boiling-hot solution is 
filtered and allowed to crystallkc- Transparent or 
opaque, colorless, shining rhombic octahedra, of metallic 
taste. It is soluble in fifteen parts of cold and two of 
boiling water. In small doses it is an emetic; in 
larger doses it is a poison. 

Of the heavy ifietala, iron is the only onq which pre- 
cipitates antimony eomidctoly from the aqueous solution 
of tartar emetic. Hydrochloric, nitric, and sulphuric * 
acids precipitate a basic hydrochlorate, nitrat^ and 
sulphate of the oxide of antimony. 

There are several other antimonial tartrates, 4 he 
place of potassa being supplied by soda, ammegu^ lead, 
oxide, and ^ver oxide. A copij^und i^ilar to tartar 
emetic may be fgrmed arBeruous acid-^(KO, 4 ^ 0 ft, 

Cft Hft 





^K—^HlSTORt. 


1055 


TIV. — Etcm^ French; ftinn, German; 
Latim^Tin is the JupU^r of the alchomistB. It is one 
of the metals i)rhich were known to the ancientSy and 
is evidently of high antiquity, although, in all prohal^- 
Hty) gold^ silver, copper, and iron were known much 
sooner. It is supposed by some that the original 
Hebrew term hedU of Holy Writ indicates tiiis metal ; 
but others infer that a compound or mixture resulting, 
perhaps, from the purification of gold and silver pos- 
sessing an inferior value, was meant by it. Under the 
impression that the word above mentioned denoted 
tin, the Greek translators of the scriptures rendered it 
by which term the classic writers of profane 
history describe tin, after all doubt had been removed 
as to its identity. Buckman discusses the question 
whether the stannum of the Latins and the 
of the Greeks was really the metal whioli forms the 
subject of tlie present article ; and whilst he leaves the 
point undecided, advances various arguments to sliow 
that a rich alloy of silver and lead was frequently, if 
not always, the substance indicated by the foregoing 
titles. 

Whatever may have been the nature of such allo}^, 
it is certain, from the writings of Dioscorides, Dio- 
dorus, Pliny, and others, as well as from Celtic records, 
that tin was known at a'very early period. It is rocordod 
that between 1040 and 1030 before the Christian era, 
the Phujuicians had discovei'ed that part of Britain 
I known at present as Cornwall and Devon, and instituted 

j searches for minerals and metals therein; and the active 

i exportation of the metals — principally tin — ^Icd to the 

j adoption of the title i?m>^tt»-^red or burning fires and 

i ! land— for the mainland, from the circumstance of large 

j fires being kept burning on all the bold heights of the 

I coiUitry to serve as beacons for the mariners along the 

, dangerous coast; of which words Britain is but a slight 

I modification. The metal tin was called in the dialect 

of the people of Phoenicia stany whence the stannum of 
the Komaiis ; from this root likewise has been derived 
the title Stannenesy which is still applied in Cornwall to 
the districts where tin is produced. 

That tlie quantity of tin extracted from the British 
mines was considerable, is very evident even from the 
account of the Greek writers already alluded to ; thus 
Diodorus, in the second chapter of his fifth book, 
says — The inhabitants of that part of Breo-tan — 
Britain — oalled Bulerion — supposed to bo the Land’s- 
end, but actually a corruption of Dal-erigy which means 
the country of the Brians or IberianSy of which it is an 
abbreviation— 'excel in their hospitality; and also, from 
their converse with merchants, they are moro civilized 
and courteous to strangers, ’these are the people who 
make the tin, which, with a great deal of care and labor, 
they dig out of the ground which is rocky ; but it has 
in it earthy veins, the produce of which is brought 
down, melted, and puiifiod. Then when they have cast 
it into the form of cubes, they carrj'^ it to an island 
adjoining to Britain called Iktis. During the recess of 
the tide the intervening space is left dry, and the tin is 
carried to the island in carts; and it is something pecu- 
liar that happens to the islands in those parts lying 
between Europe and Britain, for at full tide, the passage 
being overfiowodi thej appear islands ; but when lim 


sea returns, a laige space is loft dry^ and they are seen 
as ^peninsulfe. From this the tin is ^ ^aul, 

through which it is conveyed on horseback ItL'ahout 
thirty days to the mouth of the river 

The iri^d <d>ovo alluded to will be at once Tecog- 
nlzed as one of the BoiUiee» and its Greek name was 
probably derived from hHjB being made a fishing-station 
by the Phoenicians. 

Of the mode of ^rations by which the tin was 
extracted, or the mines workedin those days, no record 
Is left; but from the remains which have been dis- 
covered, it 18 conjoctuned that the metliods adopted 
were of the rudest description. By whatever means 
the mining and metallurgy of tin were prosecuted in 
Cornwall and Devon up to tho period of the Horman 
conquest, it is certain that after that event they received 
a great impetus, so that the chief part of the revenues of 
the Earls of Cornwall was derived from it. King John 
gave a charter to the Coinish tin mines in 1201 ; ano- 
ther was granted them in 1305 by Edward I., and tho 
Btannery laws were instituted in his reign. These laws 
are still extant, and partly in feme ; but want of space 
forbids a full account of them here. JPrevions to the 
thirteenth century England enjoyed a monopoly of tlie 
tin trade ; but in that age rich veins of tin ore were 
discovered in Misnia and Bohemia; and about the year 
1250 the English trade was much induced by the low 
price at which the Germans were able to sell their tin. 
At present tin is found in several places, and mines of 
it are wrought in Bohemia, Baxony, and Austria ; in 
Gallicia, on the borders of Porlitgal ; at Piriac, in the 
Loire infkifmre; and at Vaulry, in tho department 
Haute Vienne in France; but tlie mines of French loca- 
lities are of very little imyiortance. Large quantities of 
tin ore occur in tho Siberian mining district of Korts- 
chitisk, and it is found in Dalecarlia in Sweden ; but 
the richest deposits that have hitherto been found are 
tiiose in the province of Tonasscrim on the east side of 
the Golf of Martaban in the Mtilaj^an peninsula ; these 
have been worked for many centuries, and consider- 
able quantities are still obtained. In the early part cJf 
tho last century — 1710 — large quantities of very pure 
ore of tin were discovered in the island of Banca, whence 
as much as three thousand five hundred tons of the 
metal have some years been abstracted. Minerals of 
tin exist also in Brazil, in Mexico and Chili, in South 
America, in the United States, and Australia. The tin 
milling districts of Cornwall and Devonshire ore three 
in number ; namely, that included in the South-west 
of Cornwall beyond Truro, tho neighborhood of St. 
Austell, and of Tavistock in Devonshire. The chief tin 
mines in these districts are Wheal Vor, near Helston ; 
Polberrow, near St. Agues ; Polgooth, near St, Austell ; 
Drake Walls, near Tavistock, on the Cornish side of 
tho Tamar ; and Birch Tor, also near Tavistock, but 
on the Eastern side in Devonshire. Ores of tin are 
found in all the localities mentioned, cither in the form 
of regular lodes or veins disseminated in granite and in 
felspar— porphyry or olvan — and in alluvial formations 
on the slopes of hills, or in tho valleys. In the former 
instances, the veins frequently cross one another either 
horizontally or in their perpendicular descent; ocea* 
sionally Hiey ramify through the rock in all dkectiona, 
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pro^oo^Dg at the t>oint of iatorsectiou xoassea of ore 
called by tlie QemLBm$io(^sm)% such as tlie Altonberg 
mme in Saxony* In Ifce other instance of the occur- 
rence of tin orev namely, in alluvial deposits, it is usually 
called ttrean a» well from the nature of the deposit, 
as from tlie Ihct that in these cases the wordings are 
generally , in the courso of rivulets or streams. It is 
found either in a pulverized' sandy etate, in separate 
{ stones, colled Socles in Cornwall, or in a continued 
course of stones, wliioh are Botneiimes found togetbor 
in large numbers, and at deptlis varying from one t6 
fifty feet The course of tiiose deposits is called a 
stream { but they have little regularity, varying in their 
breadth, and are scattered over the entire extent of the 
I moor or valley in which they are found. Wood tin, 
the name given to pebbles of ore having a woody 
appearance, though now rather scai'ce, was formerly 
found in some of the sti'eam- works of Cornwall. 

, MINERALS OP TIN. — Tin is found almost invari- 
ably in tlie form of binoxido of tin or tin-stone, and in 
some instances associated with iron and copper pyrites, 
forming what is called tin pyrites or boll-metal ore, but 
tlie quantity so eJiisting is very small. 

BlJiOKIDEOirTilf'^Cassfitet'ite; tin-stonc; zinmtcnx. 
— This ore of tin, from which almost the whole of the 
metal is smelted, is found, as already mentioned, in 
different states of aggregation. It is characterized by 
a high gravity, avoraginif 6*3 to 7*1, adainantino lustre, 
and color varying from a brown or black to various, 
shades of red, yellow, grey, and white. In crystalline 
shape it belongs to the right prismatic system, the 
crystals being twins, with some of the faces uneven, 
and others striated parallel to their iritcrsootions with 
each other. Tho crystals have but a very imperfect 
cleavage, their fracture is imperfectly conchoidal and 
their streak grey, and sometimes brovm. Heated be- 
fore the blowpipe, oxide of tin remain^ infusible im'He; 
with soda in tho reducing flamo it aflurds small globules 
of metal. Acids do not exert a solvent action upon it, 
and tlicroforo it cannot be dissolved till after its fusion 
With alkalies. In its pure state binoxide of tin con- 
tains — 

Atorrjic v. tlfiit C 

1 Eq. of tin, fjif .... 

2 Eqs. of oxygoii, 1C .... LH'.U 

75 1UO’L)0 


Samples of tho ore have been analyzed, and the rosults 
aro stated thus — 


OxiJ© of tin, 

From Altornon 
la Cornwall. Irv 
KiapiHith 

.... 08*9.3 . 

From flelilaefcrn- 
■wrM. by 
Hlppro.b, 

. . 09'28 . 

From Flnbo. 
near Falilna. Itj- 
DorxoUuji. 

03 6 

Red oxide of iron, 

... 0*32 . 

. . 0*72 . 

J-4 

Silica, 

. .. 0*75 . 

— 

. . , — 

Colmnbic ucid, . . .. 

. . . . 

— 

. . 2*4 

Binoxido of inungaDeBc — 

— - 

. . 0*8 


lOO-OO 

lOO'OO 

08*2 


This ore is found in the variotia localities already referred 
to, accompanied with qnarta, mica, fluorapar,^ apatite, 
topaz, tourmaline, wolfram, heavyspar, mispickd in 
tho lode; and in the alluvial bods of valleys and plains, 
Txn Pyrites — stemnin; This ore of tin 

occurs 111 a few of tho Cornish mines, such as tlios^ 


of Huel Book in Bt. Agnes, and some of the gnkiite 
veins in Bt. Michaers Mount; also at ISinnw^d in 
Bohemia, Its erystaHine form is cubic; tho cleavage 
of tho crystals is impoiffect, tho fracture nneVen and 
conchoidal, the lusti’e metallic, wiih a steoLgrey, 
inclining to bronze-yellow color, and a black streak. 
The specific gravity is 4*3 to 4*61. 

Before tho blowfjipe on charcoal it molts in a strong 
heat, turne white on tho surface, and deposits a fixed 
sublimate of binoxide of tin round the assay. After 
roasting, it affords, with the usual fluxes, tlic peculiar 
reactions of iron and copper, and a hrittlo globule of 
the latter metal on fluxing with soda and borax. 
Nitric acid decomposes it, dissolving tho iron and 
copper, and leaving a deposit of sulphur and of bin- 
oxido of tin. The following analyses indicate the 
composition of a few samples of this ore; samples 
A and B from Huel Rock ; c from St. Michad’s Mount, 
and D from Zinnwald : — 
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U 

c 
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Copper, . 

...30 00 

.... 20*00 . . 

. . 2;>*55 . 

. . . 2G-31 

Jrcii,. . . . 

.,12*00 

.... 12*57 . 

.. 4*70 , 

... G SO 

Zim:. . . . 

_ — 

1 *70 , 

.. lf»*ll . 

. . . c-ou 

Tin, . . . 

...20*50 

.... 25*81 . 

. , ai 02 . 

. . , 28*04 

liOnd,. . , 


.... — 

. . — 

. . . 0*41 

Siilpliui,. 

.30*50 

.... 20-05 . 

. . 20*03 . 

- . . 20*89 

Lo^(. 

... 1*G0 

.... O'io . 

— 

. , . 0*7*2 


100*00 

100*00 

100*00 

100*00 


Preparation of Tin. — The reduction of the ore is ’ 
eflected by roasting and smelling, in a manner similar 
[ to that winch will be described further on, and the 
button so obtained is then treated in the following 
matjiior, to soparato the metal from tbo arsenic, anti- 
mony, bismuth, zinc, lead, iron, and copper, ono or 
more of which it may contain ; or ordiimiy commercial 
tin may be taken for this purpose. 

In either case the crude inclfal is treated with nn 
excess of hydrocliloric acid, \^iien the tiu, zinc, bis- 
muth, copper, and iron arc dissolved, whilst tho arsenic 
and antimony will be separated ; the former volatilized 
in the form of terbydrido of arsenic, and tho latter 
partly deposited ns a black powder in tho liquid, and 
partly dispelled as antimonide of hydrogen. Tho solu- 
tion is filtered, and tho liquid concentrated at a boiling 
temperature, and strong nitric acid in excess added, 
after which tho evaporation is continued to drjTiess. 
Tho is thus obtained in tbo state of binoxido, which 
should 'bo treated with a little hydrochloric acid, then 
filtered, washed thoroughly, and dried, mixed with char- 
coal, and reduced at a white heat iu a charcoal-lioed 
crucible. 

Propertlf s . — Tin is a wliito metal, having a metallic 
lustre, approximating to that of silver; it is softer than 
gold, but harder than lead, and has a specific gravity 
of 7*291. It is very malleable, so much so that it can 
bo rolled into sheets of not more than the onc- 
tbousanclth of an inch in thickness, but wanting ductility 
and tenacity to any useful degree. A wire of the metal, 
0*7 of an inch in diameter, wfil snstain only tlnrty-four 
and a half pounds weii|jht* Tin melts at 442**, and 
contracts slightly on cooling; at a strong red heat 
it emits white fumes, but the tension of its vapor is 
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very feeble, and therefore UtUe loss of metal ib aue- 
tainod. The motal exhibits a gr^at tendency to orya- 
taUize when a maBs of it is melted in a covered 
cmciblo, and allowed to cool very slowty; if before 
the bulk has solidified the fluid portion be poured off, 
the hardened part remaining in the vessel will l>e. found 
crystallized in rhombic plates, according to Pajot; and 
in octagonal needles, accordmg to Urookb. This 
tendency to crystallize is readily exhibited by dis* 
solving the exterior coating of a plate of the metal 
by moans of moderately dilute aqua-regia, and then 
washing off tlio acid with water. The surface will 
then exiuhit a mottled appearance, owing to the irre- 
gular reflection of the fern-like crystals which the action 
« of the acid reveals. Various pretty designs are in this 
way formed on the surface of moderately thick tinned 
plates; and the French, who practise the process for 
d(!coratiug snuff-boxes, et cetera, call it moire metal- 
lique. It is to the crystalline arrangement of the par- 
ticles of the metal that the crackliiig sound which a bar 
of it emits on being bent backward and forward is due, 
the decrepitation being produced by tlie displacement 
of the small crj^stals of which the bar is composed. 
r>y repeatedly inducing this friction an amount of 
caloric is developed, which ^can be readily detected by 
a sensible calorimeter. 

Tin retains its brilliancy for a considerable time 
when exposed to the air ; when heated in the air to 
the mclling point, however, it is immediately covered 
with a film of oxide of tin; and if the heat be increased, 
the oxidation of the metal becomes so rapid as to induce 
ignition. In both instances binoxido of tin results. 
Tlio same change takes place when steam is passed ’ 
over a bath of the metal healed to redness out of con- 
tact of air ; for the motal abstracts the oxygon of the 
water, and sets free the hydrogen. Tin combines with 
most of the metalloids, producing generally two orders 
of combination, distinguished by the tmans proto or 
stannous, and binary or stannic, com- 
pounds of such elements with the 
metal. The combination with many 
of Ihoso, as with sulphur, bromine, 
iodine, clilorine, et cetera, is so intense 
that, at a slightly elevated temperature 
the motal enters into active combustion, 
whilst the stannic salts of these radicals 
are produced Acids have likewise a 
well-marked action upon it; for in- 
stance, hydrochloric acid, at the ordi- 
nary temperature, slowly dissolves it, 
with evolution of hydrogen; at a boiling 
temperature the action is much more 
active; in both reactions the stannous 
chloride is formed. DUiito sulphuric 
acid, with the aid of heat, converts it • 

slowly into a sulphate of the protoxide, 
and liberates hydrogen; the concen- 
trated acid has little or no effect upon 
it in tlie cold, but if the liquid bo heated 
to the boiling point, it rapidly attacks 
the metal, sulphurous acid being liberated. Slips of 
bright tin-foil, immersed in concentrated nitric acid, 
experience no change, however lon*^ they may be 

VOI.. 11. 


rosined in it; but if the acid be ^uted with ivater^ 
the aption becomes violent, owing to the ra|dd 
version of the metal to a binoxide of xnodjjfled propei*^ 
ties, knpwh m metastaunic acid, and the ewolutun^ of 
binoxide of nitrogen., If the nitric acid be prevkmsly 
diluted, no nitrous fumes are given off during the 
oxidation of the i^tal, but nitrate of ammonia is 
formed, thus—* 

4Sn4.2HO, NOo-f fiHO c= 4SnOa + NH 4 ONOB 

s-.,^ , ^ ^ ^ ^ 

Tin. MltWo Binoxido ol’ tin. Mitrntoofninmoiiln, 

Tlie fixed caustic allmlies dissolve rin, and produce 
with it a compound in whk^ the combination of this 
metal takes the character of a sedt radical ; in this case 
water is decomposed and its oxygen is assimilated by 
the tin, whilst the hydrogen is given off. 

The symbol for tin is Sn ; its equivalent number 5d. 

Metallurgy of Tib — Preparation or Dressing of 
the Ore.— In preparing ore of tin for the smelter, 
much pains are taken for the separation of all earthy 
mattqrs and metallic subfitances that would reduce the 
Ifier centage yield of the ore, or injure the quality of 
the tin when smelted. The order in which this dressing 
is performed is much tlie same as when copper ores 
are under treatment — namely, cleaning and sorting of 
tlie ore, stamping and washing, and, finally, calcina- 
tion and wanking. • 

Sorting the Ore. — This operation is commenced on 
the suiface by washing away the clay and light 
impurities from tlie ore by a stream of water, and 
breaking or spaling the stones containing the ore, and 
separating the whole into heaps of difibrent qualities 
and classes, according to tlie nature of the gaugue, or 
the other minerals accompanying the tin; thus ores 
containing copper and iron pyrites are classed differently 
from such as contain only earthy matters, and such as 
contain tqugBtcn are set aside by themselves to bo 
submitted to a special treatment. The richest and 

Fig. 6Ut>. 



purest lumps ore placed togetlier in heaps on tho 
drcBsing floor, and are called heat work} the second 
quoltty, though less rich than the preceding, are 

6 6 
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nevortlicloss remunerative ; and the third divisipn 
conRiBts of matter ihskt la veiy poor in, if not wholly 
without, ore. 

The several heaps of ore are further reduced by the 
stamping mill to a fine powder. This machine is 
sliown-in section in Fig. 599. It consists o( a wooden 
shaft, connected witli a water-whoel or steam-engine, 
in which are arranged a number of cams that catch 
upon the lifting arms of a series of pestles heavily 
shod with iron, and secured in a strong wooden box 
lined with iron to prevent the dispersion in all direc- 
tions of the ore by the strokes of tbe pestles or stamps. 
In tho figure, A indicates tfie revolving shaft with 
cams, B the pestle, and c the box confining them, d 
the ore to be crushed, and B a sluice which supplies 
a stream of water that carries off the reduced ore to 
the tanks along narrow inclined planes. Four stamp- 
ing heads, averaging two and a half to tliree and a 
half hundredweight each, aro worked in each box, 
and in the following order : — Tho pestle to the left of 
tho spectator, supposed to be standing in front, first ; 
the extreme right second; the rigiit middle one third 
and tho loft middle last— and each pestle is so lifted 
that tho strokes follow in succession. The revolving 
^aft makes about twenty revolutions per minute, and 
the ore w'hich enters the box receives from one 
hundred and sixty strokes to donblo this number to 
reduce it. The stream of water, entering tlio box from 
B, conveys the reduced ore, aided by the force of tbe 
pestles, through gratings at tlie ends and sides of the 
box to tl^o inclined piano or cistern already mentioned. 
Hero the ore, in consequence of its gravity varying in 
the ratio of its contents of metal, arranges itself into 
tliree kinds — tho heaviest, and therefore tho richest, 
reciting on tho upper part ; a less rich ore in the middle ; 
and the poorest or ganguo parts — the tailings — at the 
lowest part. Very fine portions of tho ore are carried 
off by tho water in susponsion to the slime pits, where 
it settles to the bottom, to be occasionally collected. 
The richest portion of the ore on tho inclined plane is 
removed to the rectangular huddle^ where it is washed 
under a regular stream of water, the ore being kept by 
a brush spread equally over the floor of the buddle. In 
j this Way tho material is further purilicd, tho rifflicr ore 
! remaining on the upper half of the table, and a poorer 
product on tlie lower half. 

Tho richer oro is further purified in tho /jiVvc, or tos- 


Fijr. 600 . 



Sing tub— Fig. 600. It consists simply of a stout woodeti 
vat, well bound with iron hoops, having a capacity of 
a hundred gallons or more. A quantity of the purer 
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ore, from the buddle in the preceding instance, together 
with a quantity of water, is thrown into the tub and 
stirred well up with a shovel for a few minutes, and 
then allowed to rest, while to expedite tho subsidence 
of the ore, the workman strikes tlie tub all round with 
a hammer. Hero, again, a further separation of the 
ore takes place, according to the order of its gravity, 
the richer kinds being nearer tlie bottom of tlie tub, 
and forming distinct layers, as shown in the figure. 
Tho top layer is thrown away as being of little value, 
or is reserved for further washing in the circular huddle 
with other portions of poor gre; the second is sub- 
mitted to another washing ; and "the lower layer is fit 
for the smelting furnace or the roaster, if it bo pyrltous, 
and is called tin wUts. 

The matter on tlie middle of the inclined plane or 
cistern adjoining tho stamping mill is delivered into u 
wooden trough placed over the cistern, and washed by 
a small stream of water direct into the circular buddle, 
where tho washing of ore is oflcctcd in larger quantity, 
and at less expense than in w^ashing the rich ore as 
it becomes separated. Several of these circular bud- 
dies are required, and the lower layer of the deposit 
in one is conveyed by a trough to the next, and 
there washed. In this way the richer parts are 
removed from tho poorer tailings; and when they 
arrive at the proper standard they are removed, and 
their cleansing finished on tho rectangular biiddlc and 
tossing tub, as described. The contents of the slime 
pits are purified, first, by wlmt is knowm as tho trunlimj 
process^ and secondly, on the raclchg table. The 
trunking box consists of a long sloping cistern, "with a 
division near its upper end, forming a small quad- 
rangular vessel, in which tho oro, slime, and water aro 
delivered. The contents of this small cistern are 
agitated by the slow movement of a paddle placed in 
it, and thus portions of slime and water are throw n out 
into the sloping trunk at each stroke. As it fh)ws 
down this incline tho heavier oro first separates, and 
continues to deposit, according to its density, towards 
the end of the trunk, where, however, tho matter 
collected is of little worth. When enough of the 
mud is thus treated to fill the long cistern, tho admis- 
sion of more of tho slndge is prevented, and tho higher 
portion of tho deposit is transferred to the rackint/ 
tables^ whilst tlio other portion is again submitted to 
the preceding trunking process. The racking table, 
shown in Fig, 601, is a long wooden bxble, set at an 
incline of one in sixteen, and having shallow bcvillcd 
flanges at tho sides and ends to servo as a frame for it, 
and supported by centre pivots on a wooden frame- 
work about throe feet high. At the head of the 
table is fixed the sloping board, hinged to it with 
leather, and upon this the mixture of ore and water is 
delivered, and a number of boxes, generally three, arc 
fixed beneath it to receive tho different qualilies of tho 
washed product. 

About twelve or fifteen pounds of the selected stuff 
from the trunk boxes aro placed on tho fixed bead 
and washed over the hinge board to the table. It is 
equally distributed over the board with tho aid of a 
rake or brush, when tho water sweeps along the lighter 
portions, and carries the worthless matter through a 
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narrow dit at the bottom of the table into a gutter. 
The eolected and rich deposit on the table is washed 
out into the receptacles beneath it by inclining the 
latter to one side, and a fresh quantity operated upon 


as before. The contents of the flrst, second, and third 
box are washed again on the rack once, twice, or 
thrice, -as it is doomed necessary, before the product of 
Iho first vessel is sent to the tossing tub. 

Stream tin is dressed by a similar course of opera- 
tions as the foregoing, only that the ore is first treated 
in a large trunldng box, Where tlio workmen separate 
by a rake the larger from the smaller particles of ore. 
After this, tlio divisions of ore are submitted to a pick- 
ing, stamping, and washing operation, mostly like that 
detailed above. With stream tin these processes servo 
to produce a very pure ore, devoid of most of its eartliy 
components, and ready for the smelter ; but when the 
tin is found in lodes, associated with copper and iron 
]>yiites, the di'essing course with simple washings is 
iiisuflicient to remove the sulphurous compounds, and 
with which the ore cannot be smelted. 

To remove them, the ore from the tossing tub — the 
tin wills — is convoyed to the buniing house, and roasted 
in reverbcrat(u*y furnaces, in a kind of roaster called 
from its inventor Brunton’s calciner. The revorbera- 
torics are of the usual form, having a bed about nine 
feet Jong, five feet wide in the middle, and finir feet at 
the back part, wherein is situated the working door. 
The charge, amounting to ten or twelve hundred weight 
of ore, is let down upon the hod through a hopper in 
tho arcli, and when roasted it is drawn out to an arched 
space beneath the bod by a small apeiluro inside Hie 
working door in the latter. The temperature supplied 
should not exceed a didl red heat, such as will bo 
capable of dispelling tho arsenic and sulphur without 
fusing the sulphurous compounds. Frequent rabbling 
of the ore on the bed of the furnace expedites tlie sepa- 
ration of the sulphur and arsenic; but, under all the 
attontiona given, tho time for each charge averages, 
according to tho aimnmt of impurities, from eigl^t to 
twelve hours. Tho arsenical and eulplmrous vapors ! 
►pass from tlie furnace into a wide flue, which is ! 
divided into a series of compartments or chambers 
of varied dimensions, for the purpose of airesting the 
arsenic, and leading to a low chimney usually erected 
on some adjoining and commanding eminence. 

Brtjntow’s oalcincr is shown in Fig. 602. It Is a 
circular cast-iron table §xed on a stout central shaft, 


placed in proper bearings beneath the furnace, so os to 
permit its turning slowly with the table, p, wjiieh is set 
in motion by a small pinion gearing into n tppHied, wheel 
fastened to its under side. This table beneath 
tho dome of a reverberatory furnace, having 
a hopper, B, for retaining the ore to bo cal- 
cined, and in which the upper end of the 
central shaft turns and distributes the ore on 
tlie plate in n continuous sti'cam. Tho fire 
is at A, and the products of its combustion 
pass over the ore to Hie flue, B, leading to the 
chimney. Owing to tlio revolution of tfio 
bed of the furnace the ore is kept constantly 
turned and moved till it travels to tho cir- 
cumference whence it is ejected tlnrough the 
apertures, n, into tho receptacle or wrUkU^ 
O, in the some ratio that it is supplied from 
the hopper. Power is commmiicatod to 
the gearing pinion by a wator-whool or 
otlior means ; and the rate at which Hie ore is to pass 
over Hie calciner is regulated by tho quick or slow 
motion of this shaft. Much bbor and fuel are said 
to be economized %y tho adoption of this system of 
roasting. 

Tho roasting effects tho conversion of the dense 
metallic sulphides into friable and light oxides, whicli^ 
being of a less gravity than the tin ore that remains 
unaltered by tbo operation, can he readily separated by 
a proper system of wasliing. The sovcnil kinds of iiro- 
ducts from the preliminary dicssing, such as jigged, 
fluran, smalls, slime, and roughs, ai'c burned separately, 

riff (iC2. 



and each subjected afterwards to a particqlar treatment; 
Hius tho jigged parcels ore simply jigged again on a 
copper sieve after the burning; the fluran is passed 
Hirough theliuddlo and tie, and the finer divisions are 
submitted to more complicated processes, consisting of 
huddling^ tossingy packingy and furHicr washing of the 
residues from these operations on hair sieves, tiU finally 
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Ihe tb crop remabfl as purO'^as possibk. Komerous 

rqtummg as much if not more than the expense kivol ved 



(Evifiions of tin ores are made according to tiie quantity 

in the treatment The tin ore, as finely dressed as 



of the accompanying Ikdtee and their nature, besides 

possible, is mixed with as much soda ash or crude 



those already alluded tot and ilieir dressing gives nse 

soda as will be sufficient to form an alkaline tung- 



to several refuse matters, the purification of which 

state with the amount of tungstic acid which ana- 



necessitates a complication of operations, which are 

lysis shows the mineral contains. Tlie mixture is then 



varied according to circumstances and tlm judgment 

introduced into tlie bed of a reverberatory,- and heated 



of the superintendent of the mine. The hwrmd leav- 

to low redness, which temperature is sufficient to induce 



inff$ from the foregoing operations, containing more or 

the combination of tlic alkali and the metallic i- acid 



less tin; are restamped with some silicious matter and 

body. When the operation is finished, as observed by 



rewashed; the cnudiing with the sand, et cetera, detaches 

the color the mass assumes, and the consistency of a 



from the particles of tin the earthy matters that were 

thick paste which it takes, it is raked out by an open- 



combined with them, and that rendered them spocifi- 

ing in the bed of the furnace into a receptacle beneath, 



cally lighter in the preceding washings. They may 

whtmeo it is taken and cast into vats filled with water, 



now b© readily separated by a stream of water in the 

which dissolves out the tungstate of soda, leaving the 



trunldng box or buddle, and the tin obtained. 

other constituents of tlie ore untouched. By a judi- 



Improvenmae in ihe Dreesinff of Tin Ore. — Several 

cioua use of the water and a properly-constiuctcd vat, 



improved metliods of purifying ores of tin have been 

the whole of the tungstate can bo extracted with very 



suggested and pfhetised during the last quarter of a 

few changes of water, and without diluting llie solu- 



century. , The principal of these consist in the use of 

tion to an inordinate degree. While tliie operation 


1 ' 

acids for tlio separation of the injurious matters from 

is progressing, tlie furnace is being charged with a 


1 

the tin ore, which remains nnacte^^ upon by them. Ily 

further quentity of tho mixture, which is spread out 

1 


the nse of hydrochloric and sulpniirio acids the frag- 

upon tho sole, and left so with the furnace doors cloH(‘d, 



monts of juetallic iron from the tools of the miners, of 

till tho alkali begins to melt and the mass emits a hiss- 



oxides of iron, copper, et cetera, are dissolved and 

ing sound, resulting from the expulsion of carbonic 



removed from tlie tin by simple washing, much more 

acid from the soda salt by tlie mcliillic acid. It is ■ 



elicctivoly, than ctfald ho done by any mechanical ope- 

then slightly stirred ; and when tho preceding noise suh- j 



ration, however carefiTlly performed. Acids have been 

sides, and tho forementioned indications arc ohservod, , 



in use for the drcssirjg of tin ores since 1842, or earlier ; 

tho roasted mass is ready for drawing. Latterly, 



muriatic acid being preferred where tlio impurity is 

instead of carbonate of soda, or crude soda, siilphato of 



iron and its oxide, and sulphuric acid for the separation 

soda or »alt cahe has been substituted, both on account 



of the copper existing in the roasted ore as oxido, which’ 

of its cheapness compared witli soda asli, ond of its 



is afterwards thrown down from its solutions by metal- 

answering all the required purfioses, in this respect, as 



lie iron or ssinc, and the sulphate of iron, or of zinc 

well as tho latter salt, yomc skill and practical judgment 



recovered. LongmailVs patent process of separating 

arc required, however, on tho part of the fumaocman who 



the sulphur from pyi’itic ores by fusing them witli 

has the control of the process, to insmo success. Tlio 



common salt, wliereby the sulphur is converted into sul- 

charge containing a quantity of sulphate corresponding 



phate of soda, and the copper into tlie form of chloride, 

to tho tungsten in tho ore, is put into tho rcvcriieraUuy 



could he applied to the purification of tin ores containing 

— Fig. OOii— through the workable opening, n, in tlie 



the foregoing additional metals. Washing the roasted 

arch, and spread by tho fiirnaceman upon tho iron 



mass would remove the copper salt, and the sosquioxide 1 

bed, A A, ot tlic furnace through the ’working door, i>. 



of iron would be carried off in mechanical suspension, 

Tho bed is composed of two stout cast-iron plates fixed | 



leaving the oxide of tin in a partially pure state behind. 

in the sides of tlio furnace, nnd«supportcd near tho 



The preceding methods of treatment do not serve to 

centre by lim5S of brickwork ; tlie space left by tins 



purify ores of tin associated with wolfram — the double 

arrangement between the plate and solid brickwork 



tungstate of iron and manganese — for this mineral 

foiTuing a flue for the smoko and waste gases of tho 



has a density averagirtg 7*1 to 7*4, and therefore so 

fire to return under the solo, and thus assist in heating 



closely approximatmg to that ot tin that no amount of 

it. c is the fire which at tlio beginning of tho ope- 



mechanical wasliihg could part the two satisfactorily. 

ration should produce a highly carbonaceous flame, 



Before the process for its purification was discovered, 

with the view of reducing the sulphate of soda to 



the tin obtained from this -hind of ore was very inferior, 

the state of protosuljihide, to induce the decompo- * 



and consequently the ores themselves were greatly | 

sitiofi of tlio tungsten and the combination of the 



depresse».i in value. By Oxland’s method of remov- 

acid. For tlie same purjiose some small coal or char- 



ing the tungstic a<;id from them, however, they are so 

coal is mixed with tho charge, tho more readily and 



improved that first quality tin can bo smoffud from 

efficiently to decompose tlio sulphuric acid of the soda 



them, and necessarily witli such purification their value 

salt. A dull red licat is maintained with all the avail- 



1 has been ccui’cspondingly enhanced. The principle 

able openings to the interior of tlio fiiniaco closed, 



of Oxlawd’s patent is ^at on fusing ores containing 

and a strong reducing flame, till the reduction of tho 



tungstates with alkaline salts, such as carbonates or 

sulphate is effected, occasionally stirring tho mixturo 



sulphates of soda or potassa, tlio tungstic acid com- 

well till the phosphorescent appearance of the mass 



bines willi the alkaline base, producing on alkaline 

disappears. At this stage of the operation a bright 


1 

tungstate, wluch may be dissolved out, and converted 

oxidizing fiame^ should be produce^ to induce the 



to useful pniposes in calico-printing or paintii)g, tlms j 

farther decomposition of tho alkaline sulphide and tho 
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formation of the soluble tungstate ; after which, it is 
raked out through the hitherto closed aporturO) to 
the vault, F. This process has been earned out at 

Fig, 608. 



Drake Wall Mine in Cornwall since 1850 with every 
success. 

The Bolution of tungstate of soda obtained by tlic 
exhaustion of the fluxed ore with water, is concentrated, 
in iron pans to tlie crystallizing point, and drawn oif 
I into crysbillizing vessels, where it remains. In a few 
days the tungstate separates in beautiful cr}^sta]s, and 
which, after slight washing and draining, are fit for 
market. On concentrating the mother licpiors a furtlicr 
crop is obtained. After the ore is exhausted of its j 
flolublo Balts it is transferred to the floor of the burning | 
house, and the iron and manganese separated by wash- 
ing or treatment with acids, according to the methods 
already detailed. 

From a consideration of the several operations which 
ores of tin pass through from their coming to ffirmj 
as it is called, till they are ready for the smelter, it is 
supposed that fully a third or more of the <^uantity of 
tin originally in flie ore is lost. Distributed as the 
tin must bo in minute grains in the stony ganguo, it is i 
evident that the latter cannot be so tlioroughly broken 
olf from the tin as to leave it isolated, and thus in a 
state to separate in the several washings. Further, 
where the tin ore is, to the whole of the matter mined 
as one to thirty or tliirty*five, a good deal of tin must 
be rejected in the tailings of the first process which 
it has to undergo, ^nddicctj the spaUing and picking; | 


and analysis of tihe refuse .that they 

invar joUiy contain quantities of tin, be 

entirely owing to the imperfect, or roilbr inadequate 
methods, adcqited for diiuntograting the and the 
veiy s%ht dififorence in the low gravity of the gangue 
which the associated grains of dn ore must ooeamon, so 
that such mi wOl be entirely lost to the miner. 

I Modern researidies show that the loss of tin In the 
I dressing of poor ores is much greater than when richer 
products are operated upon, in whieh, however, it 
amounts to about twenty-five per cent, of the whole 
quantity. Thisgreatloss is attributed to the large amount 
of tailing stuff produced, and the largo body of water 
made use of in the course of tlie working. Whilst the 
I existing mode of tin dressing is practised, that loss can 
I hardly be avoided, or at best but slightly lessened. To 
obtain the whole of the two to three per cent, of 
binoxide of tin in the tin stuff, the dressing must be 
based upon chemical rather than niechanical principles. 
Considering that the loss of tin at present sustainod in 
dressing a hundred tons of stuff averages fully fifty to 
sixty pounds wor^ of tin, the recovery of this waste 
would afford a scope for a partial outlay by which to 
attain better and more profitable returns. 

Many mining companies have of late years substi- 
tuted crushing mills, such os are Bometimes employed 
in the preparation of copper oi%B, for the stamping 
mill, and witli great effect afid benefit; inasmuch as 
the crushing mill reduces the ore to a finer state of 
division, and separates more of the ganguo from the 
hard granules of tin than the stamps, and thereby 
renders it more easily and freely separable by virtue 
of its gravity, than when this breaking up is defec- 
tively performed. A mistaken notion or prejudice 
seems to occupy the minds of several miners, with 
regard to the value of crushcre in iheir line of opera- 
tions, the more especially if tlie stuff in which the tin 
ore is disseminated bo indurated elate and tlie like; 
for in such cases they seem to be impressed with the 
idea that the ciushers could not work it so well as the 
stampers. The evidence of many very creditable and 
experienced persons is directly opposed to this view ; 
and a rational examination of the principles of working 
with regard to each, would ^undoubtedly tend to the 
preference of the crualiors. At all events, sincu, tlic 
tin miner places so much dependence upon the gravity 
of the ore as a means by which he can cheaply and 
expeditiously purify it from grosser and injurious 
matters, the primary consideration with him ought 
to bo tiie reduction of the ore to the finest poesible 
state of division. The better Uiis is executed the more 
completely and expeditiously will the toAole or chief 
part of the tin separate in virtue of its density, in a 
properly ordered system of elumation. 

Assaying of Tin Ouep. — Although the laws of 
the Stannery Court do not permit that the product of 
the tin mines should bo sold out of Cornwall before 
smelting, it happens that the "mining proprietoiB are 
never the smelters, and so the ores arc^ sold to a few 
smelters who have the trade in their ha^s. These buy 
as cheaply as they can, and according to the dedaFed 
value of the ore as ascertained by assay. Hence, as in the 
case of copper, tho ores of tin are always subixrittod to 
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this test to find thoir value, and it becomes a matter, of 
some interest to tUe miner, as well as the smelter, to bo 
able to control tbe determinations of recognized assayers, 
for tlioir own satisfaction and often protection. The 
operation is veiy simple, since the dressed ores are 
generally operated upon, and consequently very little of 
any other ingredient remains in the substance, excepting 
the binoxide of tin, and the silicious or other ganguey 
matter, separable by fluxes. Still, as binoXide of tin 
forms permanent compounds with silicic acid at a high 
temperature, it is necessary to use some precautions as 
well in the amount of flux allotted to the assay, as in 
performing the reduction in a black lead crucible, or an 
earthen one well lined with charcoal, and at the highest 
temperature of the wind furnace. If sulphurous or 
other alterable bodies be present in tbe ore, tliese 
should be removed by roasting a quantity of the ore at 
a low red heat, and usiijg a little ammoniacal carbo- 
nate towards the end of the operation, till nothing 
further is evolved The ore should in all cases be 
reduced to the finest powder; and after the roasting, if 
the quantity of silica a|id stony matter be deemed in 
too great excess, the aasay may bo carefully waslicd in 
a mortar or porcelain dish, and a largo quantity of tlie 
impure matters thus removed. The heavy deposit of 
tin ore may then be dried and assayed in the following 
manner. If the orc'^e highly dressed, two ounces of 
it are weighed and -mixSd intimately with one-third to 
half this weight of powdered charcoal or coke, and 
half an ounce of ground borax glass; the whole well 
ground together, and introduced into a black lead pot, 
or lined day one, and this placed on tbe fiimaco, the 
heat of which should bo maintained at its highest 
point for fifteen to twenty minutes. At the end of 
this period, and when the contents of tlie crucible are 
in tranquil fusion, the whole is briskly stirred wdili an 
iron rod, and then poured out rapidly into an ingot 
iron mould. When cold, the slag is detached from 
the button of tin by a few strokes of the hammer, and 
by the use of the brush ; the button is then weighed. 
Any matters remaining attached to the walls of the 
crucible are scraped oif and ground, then washed, and 
the particles of metal that may be thus separated, 
weighed, and the amounj added to that of the principal 
button. Sometimes the flux is composed of equal parts 
of borax glass and carbonate of soda, and is found to 
answer very well; so also is the flux compounded of 
three parts carbonate of soda and one of lime. Of the 
former thirty to forty per cent, of the ore taken for 
assay is employed, and of the latter forty per cent. 
When ores of tin are very poor, so that they necessi- 
tate tJio use of large quantities of flux, very little tin 
can bo reduced from them, on the scale of assay- 
making, notw'ithstanding a considerable amount of 
tbe metal can be obtained by the treatment of such 
ores on the large scale. Li assaying such ores the 
bettor course would be to employ the liquid method 
of analysis, which will* be referred to further on'. 

Smelting the Ore. — Up to tlic period of the reign 
of Charles the First, very little improvements are 
recorded in the smelting of tin. The remains of 
ancient workings discovered as existing previous to 
the above period, appear to indicate that the reduction 


was carried on in furnaces or hearths scooped out of 
tbe ground, and in which a mixture 6f black tin and 
charcoal was placed, the necessary intensity of the 
heat being kept up doubtless by the blast pf rude 
bellows, and the whole operation being similar to the 
metallurgic process of the travelling tinkers of a few 
years ago — and perhaps of the present day in Ireland 
— whereby cast-iron and other refractoiy metals were 
readily melted and cast into shapov*?, such as smooth- 
ing irons, et cetera, Kemains of such furnaces are of 
frequent occurrence in Ccoriwall and Devon, and are 
called Jew homes. One of these smelting forges 
lately discovered beneath a stratum of bog, twelve fc(jt 
thick, at Redmoor, contained some tin,* peat which 
had been used as fuel, and furnace scoria, with other 
remains. An analysis of the scoria from other fur- 
naces in the same locality, and apparently of a more 
modem date than the preceding, showed the imper- 
fections of the methods of smelting. The following 
are the results Jl^'hidl samples presenting, the appear- 
ance of thin fragments of bottle glass gave : — 

CViitcsImnU.v 


Silica, 40'C0 

Aluininii, ,..19-20 

Oxide of till, 

I‘rotoxide of iron, 7 ‘.‘i 1 

Sulphide of iron, 9'04 

Litue,. tr.'iee 

PotiU)b;i, I'OO 


100-00 

From the other remains found in the site of the slags, 
et cetera^ from which the above was taken, it would 
appear that the date of working could not have been 
later than about tbo j^ear ICilO. Attempts were made; 
in the reign of the first CiiARr.RS to employ pit coal 
instead of peat and charcoal; but the results were 
unsatisfactory till the first few years of Anne’s reign, 
when improved methods of smelting ores of tin in 
blast furnaces, by means of fossil fuel, wore patented 
by a Mr. Liddell. At this period, and when the 
advantage of fossil fuel above peat and charcoal began 
to be recognized, the invention of the reverberatory 

Fig. ooi. 



furnace soon followed, in which forms of furnaces tin 
ores have hitherto, but with slight modifications, been 
smelted . — Records of Mining asui Metallurgy, 

Figs. 604 and 606 are a plan and section of tlie smelt- 
ing furnace at present employed in tbe smelting of tin 
ores. In these figures, A is the fire supplied through tlie 
door, B ; c is tbe bod of tbe furnace, constructed of fire- 
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brick, and supported by the arch, d, having a passage for 
cold air beneath it, and in the bridge, e, of the furnace, 
to prevent the overheating of the mass of brickwork in 
the bed. The charging door is seen at ii, and a is 
the opening through wliich the charge is worked in 
the furnace; r is a draught-hole temporarily opened 
whilst the slags are being skimmed off the metaWic 
bath, and i is the flue leading to the chimney. The 
ore, which' generally averages from sixty to soventy- 
6ve per cent of metal, or, as estimated by the tin 
assayers and smelters, twelve to fifteen parts, in twenty 
of ore, is mixed with twelve to eighteen per cent, of 
powdered antliracito coal, and twenty to twenty-five 
hundredweight, or a little more, of this mixture, taken 
for tho working charge in the ordinary sized furnace; a 
small quantity of lime or powdered lliior spar is added 
in proportion to tho amount of silica contained in tho 
material. The whole is shovelled in at the charging 
door, and spread tlirough this and the working door ; 
after which both doors are closed, and the fire js urged 
for a period of six to oiglit hours, gradually increasing 
ill intensity. At tlic end of this time the ore is well 
rabbled and mixed by tho fiirnaccraan tlirough the 
hinder door, with the view of bringing the unreduced 
portions of ore still remaining, within the influence of tho 
heat, and reducing flame from the firo, and the uncon- 
Binned carbon of tJie charge, and likewise of allowing the 
soparaiod metal to collect into a bath. For a second 
time the doors are closed, and the interior is allowed 
to regain its high degree of heat, somewhat reduced 
during the working of tho mass. After a short intorval 
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the furnaceman throws some moist slack on the surface 
of the fused mass in tho fumaco, and then commences 
to draw out the top layers of scoria through the work- 
ing door, to tho extent of threo-fourths, or thereabouts, 
of the entire quantity. Whilst this part of the work 
is being proceeded with, it is customary to open the 
draught-hole, F, so as to allow the gases to oscend and 
leave the interior of the furnace partially exposed to tho 
examination of the furnaceman. The above quantity of 
scoria, if skimmed ofl'with care, contains no motal worth 
further search, and therefore it is thrown away. The 
portions which are afterwards drawn out, however, are 
separated into two classes; the first and largest por- 
tion is set aside to he etampod, in order to separate me 


globules, or prills of metal diffused through it to the 
amount of five per cent, or nearly so; and the second, 
or final skiinmings from the metal in the furnace, are 
reserved to be melted with a succeeding charge of 
metal or refuse products, when not only thC particles 
of metal are recovered, but also the tin in tho state of 
hinoxide contained in it. When the metallic hath fe 
cleaned in this way, tho clay plug hitherto closing the 
gutter, L, leading to the cast-iron pot, K, is removed, 
and the tin allowed to flow into the latter. The metal 
rests here for some time ; meanwhile a fresh charge 
is introduced into the furnace ; after which all the 
apehuros arC closed as before, and the fire kept up, 
as already stated. Aftef the metal has remained in 
the pot sufficiently long to permit tho slag and other I 
impurities to rise to tht> suiface, these matters arc 
skiininod off, and the tin is ladled out into cast-iron 
moulds, each capable of containing about three hun- 
dredweight. 

The tin so procured always contains a certain amount 
of impurities, tho greater when less 'care has been exer- 
cised in the dressing of the ore. These are generally 
iron, lead, and some other bodies, According to tlio 
nature of the accompanying ore, such as copper, tung- 
sten, arsenic, and cobalt. To separate them, however, 
it is nccesBary to submit tho cru^e tin to either of two 
operations — the one, a process^ by which the more fusi- 
ble tin is sweated out at a low temperature, and called 
liquation; tho other, a boiling or tossing of the metal, 
by which portions of it, by its extended exposure to 
tho air in this operation, are converted into oxide ; and 
being in this state agitated with the body of the motal, 
the oxygen is transfonod to the more oxidizable metals, 
which arc thrown off as a scoria, and can be removed 
by skimmings. 

For the liquation, the smelting roverberatory above 
described, or one similarly constructed, may be used. 
The blocks of tin are loosely piled upon the hearth, 
and a moderate heat is applied; tlie excess of pure tin 
melts at the low heat, and flows out by tho gutter to 
die receiver, leaving in tlie furnace an alloy richer in 
impurities, and therefore, owing to the more refractory 
nature of the alloyed metals, requiring a higher tem- 
perature for molting it than the jmrer tin. As the pro- 
,greB8 of heating crumbles and melts the blocks of tin, 
fresh ones are supplied till about five or six tons of 
metal have nm out to the cast-iron receiver, wherein 
the second operation is conducted. This receiver is so 
arranged as to admit of being heated with tho view of 
aiding in the more ready separation of the conlami- 
natiiig ingredients during tho boiling or tossing. 

The purification by boiling is analogous in principle 
to ihG poling practised in refining copper, though difl’or- 
ing in detail. In tho case of copper, the gases elimi- 
nated from tho wood — ^watery vapor principally, and 
some carbohydrogen — serve to decompose the metallic 
sulphide loft, eliminating the sulphur as sulphurous 
acid and sulpliide of hydrogen; whilst in that of tho 
purification of tin, the motal abstracts oxygon from tlie 
steam similarly generated, and the oxide of tin thus 
partially produced, reacts upon the particles of alloyed 
metals more oxidizable than itself, and eliminates them 
as oxide, being itself reconverted to the metallic state. 
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The meitihod of proceduxe 'With tm 19 to have a himdle 
of hillets of greou wood mounted ou a crane erected 
by the furnace^ and over^nging the pot containing the 
melted metal; tliie bundle is forced into the fluid 
mass, and the result la a violent seething, caused 
by the eliminated gases. A eeam forms in which 
oxide of tin is a constitueiit ; this is skimmed off and 
retained to he reraelted with a fresh charge, or with 
the scoria produced in the first reduction. The action 
of the wood is renewed, and: the scum removed, till 
by a test applied to the metal it is judged sufficiently 
purified. 

Instead of using wood, the process oidoBdng may 
bo i)ractised with the same effect; that is, the metal is 
taken up in ladles and allowed to fall from a certain 
height into tiio caldron ; in th^ case a scum is formed, 
and is removed in the same way as stated till the metal 
is deemed pure. The time occupied in the purification 
averages about five hours; one hour is devoted to 
the Ikpiidation, three to the boiling or tossing, and one 
to the subsidence of the metal after it has been 
thoroughly cleaned by the repeated skimming. During 
this final hour the metal disposes itself into three 
qualities of tin : the purer and more fluid metal con- 
stitutes the top layer, which is carefully cast or ladled 
into the moulds, and sot aside as grain tin ; the middle, 
which is not so pure, is ^likewise removed to moulds 
and retained as common tin; whilst the third portion 
is returned to the furnace to undergo liquation a 
Bocoud time, to purify it from the greater part of tlie 
vitiating ingredients. 

The manner of testing the quality of the metal is 
as follows : — The refiner takes a small ladleful of the 
melted metal, and having cleaned it by Rtiiring and 
skimming, casts it into a stone ingot mould, and as it 
cools, he closely observes its appearance. If it remains 
bright and clear, full and rounded on the sidiis, un’til 
quite cold, it is sufficiently pure to be classified as 
grain tin ; if the metal, though bright, should not 
romain so full and rounded at the sides, and if at the 
moment of solidifying a frosted crystalline ap])earance 
shoots from the centre out to the sides, the tin is 
accounted as second class or common tin ; and in the 
third place, if the metal assumes a slight yellowish 
appearance, and the crystalline stria appear much 
sooner, covering the whole of the sm face, it is of tho 
third class, and must be repuiified by liquation, et 
cetom. The creaking sound emitted by the ingots 
when bent, is likewise a test which shows tho quality 
of the metal, for this is much gi’oater in proi)ortioii to 
the purity. In tin-smelting works, one day a week is 
usually devoted to the purification of the crude metal j 
from the reduction of the ore. I 

The matter remaining in tho furnace after the liqua- | 
tion of tlie tin, is melted at a higher temperature, and 
nm out into another pot, whence it is cast into moulds. 
This, with the metal washed out from the rich slags* 
after stamping, and the skimmings of scoria, as 
as those produced in the refining pot, are resmelted, 
and the metal which results carried through the same 
course of operations detailed above. Finally, there 
remains in the pot a bright brittle alloy, having a 
crystalline fracture and so surcharged with foreign 


metals that it is cast aside as not worth the expense 
and trouble of purification. 

The following is the composition of the three 
qualities of tin obtained by the preceding operations, 
according to Beethier's analysis : — 

CentmlniftUj'. 


* Ordinary Tbi> Conniion. Bad. 

Tin,. yy-ia .... .... os-oo 

Copper, -24 .... 1*10 .... 3*00 

Lead,... ............ — .... *20 .... 1*50 

Iron, trfce .... trace .... — 

Arsenic, trace .... trace .... trace 

Loss, — .... .... *50 


100-00 100*00 100-00 
The consumption of fuel for producing one ton of tin 
is reckoned in the Cornish smelting works at a little 
more than a ton and a half, sometimes thirty-five 
hundredweight, and the loss cf tin in tho process 
amounts to about five per cent. 

Oerrmn Method * — In the tin -smelting estahlisliments 
of Altenberg, ecUra^ instead of the reverberatory, a 

Fig. 60G. 



small blast furnace is used for tlie reduction of the ore. 
Figs. OOfi and OOT aro a yfian and elevated section of 
this furnace ; its height from the hearth to the tliroat, 
hy which the mixture of ore and fuel is inserted, is 
fourteen foot. Tlie body, A A, is constructed of large 
blocks of granite or of coarse-grained porphyritic 
syenite, and the sole or crucible is formed of a block 
of the same material hewn to tlie proper shape, with a 
fall to the breast of the furnace ; but sometimes it is 
constructed of very refractory fire-bricks, lined with a 
mixture of charcoal and fire-clay well rammed down. 
A channel from tho furnace leads into a basin, b, from 
which the slags flow down an incline, a, to tlie water 
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cistern, h, where they <xro cooled, and the tin by 
another conduit, xc, flows into the vessel, o. The 
blast is supplied by the fellows, 1 1, through the tuyere 
opening, o. The furnare is eunnoimted by a dome 
which sexTcs to carry off the vapors, and as a deporting 

Fig. eor* 



j cluniibcr fur the partiules of ore driven out of the 

i furnauo by tlio blast. The shaft, D, is turned by tho 

j cog-whecl, E, in connection with a shaft from a water- 

j wliool or steam-eiigino. The small furnace, the parts 
I of which are similar to the preceding, is employed for 
) rcsiucllitig the slags produced from the larger furnace, 

j Tho furnaces are slowly dried after their construction, 

] and then chargo<l wdth scoria and fuel, and tlio blast 

J slowly set to work, so as to fuse the more vitritiablo 

! portion, after wliich tho heat is increased till the 

j tempeiaturc is raised to the working intensity, Tho 

> ore, mixed with tlie reducing agent, and other flux, 

I when necessary, is now charged portionwn'so, and tho 

j smelting proceeded with. At iJie end of four hours 

j Mio metal begins to flow. As the slags c<dIoct in 

{ the basin at the hice of the furnace, they arc skimmed 

i into the water cistern, and when the metal accumnlates 

so as to nearly iill tho basirj, it is allowed to flow into 
the outer one, c, whence it is cast into moulds of 
varied dimensions. Much of tlie same practical know- 
ledge is required in the management of this furnace ; 
as has boon pointed out imddr the smelting of copper 
ores in tho blast furnace ; for the length of the nozzle 
formed of tho slags, on the end of the tuyere aftccts 
tho working, and the charge must bo regulated accord- 
ingly. 

. It is affirmed that the tin reduced, in the blast 
furnace is purer than that smelted in tho reverberatory; 
but tho loss of metal and tho consumption of fuel is 
much greater; and these disadvantages liavo led to 
the abandonment of the blast furnace in England for 
the reduction of tin. Smelting by the use of tho 
blast involves a loss of metal averaging fifteen per 

VDL. If. 


cent., and a consumplion of fuel axnountiug to three 
tons of coal for every ton of metal reduced,' 

Thi is sent to market as hloch iin^ in ilocks of three 
to half a hundredwe^ht, and which are cast, as stated 
in Ihe foregoing, in strips two feet long, on^ inch 
wide, and half an inch thick, being so cast in tnbhlds 
of white marble ; and in the form of grain tin; the last 
being produced by heating large blocks of the metal to 
nearly its melting point, and while in this state, drop- 
ping it upon a hard body from an eminence, or striking 
it with a heavy hammer— in either case, the mass is 
shattered into long crystalline fibrous columns. 

Uses of Tin.— The principal uses of tin are Ibr tho 
manufacture of various alloys which are largely used 
in tho arts, such as bronze, bell-metal, solder, etcetera; 
for making tin plates, or rather iron plates, alloyed with 
tho metal; and for preparing tinfoil, whilst its com- 
pounds are employed for pottery, in glazes, and colors; 
and in clotli -printing, as mordants of great value and 
importance. The reader will find the account of 
bronze under Coppek, Vol. I., page 534f and of 
solder, usually compounded of two parts of lead and 
one of tin. Tin-foil is manufactured similarly to lead- 
foil, by passing slabs of it backwards and foiwards 
under a pair of rollers ; the temperature of the metal 
being raised occasionally, or maintained throughout, 
at 212®. The production of tin plates is ono of the 
principal, if not the principal application of tin, and 
as snch this manufacture will be described more in 
detail. 

Manufacture of Tin Plates or Sueet-tin.— 
As the superior quality of tin plates depends ahno.st 
entirely upon tlic goodness of the iron which constitutes 
their basis, and the caro taken in its preparation, it will 
bo necessary, from tbo imporlanco of the subject, to 
dwell at some length upon this part of the process. 

The pig-iron selected for the manufacture is gener- 
ally tliat known as red short; but other varieties may 
bo used, the iron being converted during the purifica- 
tion info plates, the essential qualities of which are 
great tenacity and toughness at ordinary temperatures. 
Iron from bematitic ores mixed wdlh other pure ores 
of the coal measures, ansivers all the required ends. 
It has an average composition corresponding with the 
following samples, containing contesiraally : — 



T, 

n. 

III. 

IV. 

V. 

VT. 

vu. 

Carbon 

. 3-47 

3-70 

2-37 

3-42 

4-23 

3*27 

— 

8ilicinni . . . 

. 1-40 

1-33 

0-81 

1-03 

0-49 

1*03 

1-55 

Suh)hur . . . , 

. 0-10 

0-02 

0-04 

0-15 

0*57 

0*04 

0*05 

riiot-pborns 

o-co 

0*12 

0-2G 

trace. 

0*36 

0-38 

0.18 

Iron 

94-43 

94-93 

90-02 

94-80 

94-f)5 

9.5*28 

— 


lOO'Oi) 100-00 100-00 100-00 100*00 100*00 


Tin plates arc divided into tv/o classes, and known by 
the terms charcoal and cojze plates, owing, in the fii-st 
place, to the nature of tho fuel used in tho preparation 
of the plates before tinning ; but, more particularly at 
present, these names serve to distinguish the goods 
manufaclurod by entirely different methods. Charcoal 
tin plates wero the first that wore made, and they have 
been accounted tbo best. The iron for these plates is 
rendered tenacious and workable by tho aid of a char- 
coal refinery through which tho pig-iron, is passed; 
and that for the cohe tin plates is prepared by tho 

G T 
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ordinary metljod of puddling and rolling, as described having raised dams or siopjj at the distance of every five 
under the article Iron. It will, therefore, be unneces- feet, to facilitate the breaking of the metal. As it runs 
sary to revert to the latter \ and so far as tlic mere coat- out of the refinery, it is covered by minute, intensely 
ing of the prepayed plates is concerned, the description brilliant, and very numorons coniscations arising from 
to be given will answer for both. Tp convert the iron the combustion of a portion of the fluid ; these corns- 
into charcoal tm plates, it is necessary to refine it in a cations are accompanied by a brown smoke — a pheno- 
shallow furnace called a refinery^ the sides and bottom menon also of the Bessemer process. As the metal 
of which are formed of hollow, but very massive blocks runs out, the slag or cinder, which is likewise highly 
of iron, through which a stream of water is kept con- heated, flows after it, forming a layer on the surfacdf 
tinnally flowing, to protect them from the intense heat of the moulds, and thus prevents further combustion 
of the melted charge. This furnace is of a rectangular of the iron. Cold water is now thrown on the whole, « 

shape being four feet long, two and a half wide, and when the cinder at once froths up and solidifies on the 

one and a half deep, On one side are three tuyeres for surface, causing it to assume a spongy appcarauco tliat 
the admission of blast; and these are sometimes round, distinguishes it from all other kinds of slag fonned in 
sometimes oval, the transverse diameters of each in the several processes for refining iron. The first charge 
the latter case being 1*15 inch, and its conjugate one worked in the refiner is less than the following ones; 
inch ; they are placed about a foot from the bottom of, but the normal woiglit, about twenty-two hundred- 
and project considerably into the furnace, inclining weight, is attained after the third. The number of 
downwards at a sharp angle. These, lilvo the block charges worked every twenty-four hours is eleven or 
forming the furnace, being subjected to a powerful twelve ; and the weight of refined metal produced in a j 

heat, are^»rotoctcd by a coil of iron pipe, twisted round week of six da^^s and five nights averages sixty tons, ! 

them, through which pipe a stream of cold water is for which about soventy-two tons of ])ig arc required, 

kept nlwaj'U passing. Occasionally, refiners are con- The piodiicc varies, however, according to the skill of | 
Btnicted of larger dimensions than that described, having the refiner, the quality of the miitcrial used, and the 
tuyeres at both sides; these arc usually called dotihUi nature of the required product. | 

refiners. A coke fire is made in the space between Good refined metal has a bright silvery- white frac- j 
the water-hlochs or heaHh, and the blast turned on till turc, and a radialed structure, the rays springing and ! t 
the whole is thoroughly ignited; a fresh supply of fiml diverging from the lower side; it emits a clear metallic 
Buflicient to fill the space to the height of throe fiiet sound when struck, is very brittle, witli its upper sur- 
abovo the tuyeres, is thcii heaped on ; and, after a few face iiulenled into a kind of honcy-combed stiucturo, ; 
minutes’ blowing to incieaso the heat, a charge of pig the depth of the indentations being tlependont on the 
iron, varying according to the size of the furnace, and length of time that the iron has been subjected to the 
generally reduced for the first time, is put on ; the coke blast. About half an inch deep of honey-comb is 
is soon ignited, and tbe metal attains a red Ijcat considered to indicate the state of refinement bi?st 
quickly, after which, the heat being still kej^t up witli suited for the making of tin plntes. It is somewhat 
fresh supplies of fuel, the metal gradually sinks, and curious that, as the refined mcuil graduates into steel, i 
as it comes into contact with the blast, it melts and the Iionoy-comb leaves the face or iijipcr side, and tends I 
drops to the hotlom of the hearth. The downward to the centre of the horizontally- cast ingot, 
direction of,, the tuyeres causes the stream of air to The effect of the I'cfining, as before stated, is the 
impirige on the highly-heateil liquid iron, and thereby removal of the siliciurn, and of a portion of the sulphur 
renders the temperature of the latter intense, owing to and pliosjdiorus contained in the crude material. The 
a portion of tbe metal being oxidized, as well as the silicium is converted by oxidation into silicic acid, which 
siliciiim, sulphur, cl cetera. All these products of oxi- combines witli a portion of the iron oxidized, and forms 
dation are thrown up to the surface, and form a consi- a fusible slag or cinder on the surface of the metallic 
derablc amount of scoria or cinder that considerably bath. The sulphur is converted into §iilplinrou8 acid 
aids in the depuration of the metal. Generally, in an gas, and passes off as such, and the phosphonis into 
hour and a half after charging, the furnace is fit for phosphoric acid, which is retained in combination w'ith 
tapping; tbe metal is run out into iron moulds pre- the oxide of iron in tlie slag. Very little of the 
pared for it, and which aro protected against melting carbon, contrary though it be to the preconceived 
by a stream of cold water that flows beneath them, opinion of iron-maHters, is removed during the pre- 
Tbese moulds are sometimes flat, in which case tlie ceding course of refining, as is sufficiently proved by 
metal is called plate metal. In South Wales, however, analysis, and will bo evident from an examination of 
it is more usual to run the liquid iron into moulds, the anne.xed table showing the composition of different 
consisting of three longitudinal grooves or channels, specimens of refined iron 


1. ir. in. XV. y. 

Carbon 8-070 .... 3-250 .... 2-000 - .... 8-200 ... — 

Bilidam .... *500 .... -540 *650 .... 0*32 

Sulphur *157 *575 .... 1-250 .... 0-870 .... 0-18 

Phosphorus *734 .... *835 .... *085 .... *920 .... *09 

Manganese trace .... — .... '050 .... trace .... *24 

Insoluble r«»i<lue *530 .... -050 .... — ... — .... — 

Iron 95-140 .... D6-300 .... 94*255 .... 95000 .... — 


100-2GI 101*510 90*040 100-540 
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Although the above samples were not made from 
the cast- irons, the analyses of which have been pre- 
viously given, yet they serve to prove what has been 
just stated regarding the chemical changes that take 
place in the fire. By comparing the results of the 
two series of analyses, it will be found that only one- 
soventh of the carbon is separated at the same time 
that one half of the siliciurn is removed. On the other 
hand the sulphur and phosphorus are in larger quanti- 
ties in the samples of refined tlian in the crude metal, 
showing at least that very little if any of these elements 
are separated, or else that the crude material submitted 
to the process was of very bad quality. It appears, 
however, that fully one- third of the content of phos- 
phorus and somewhat more than this amount of the 
sulphur, with nearly the entire siliciurn in tlm pig, 
are thrown off, the carbon sufleiing only a slight 
diminution. 

The following analysis shows the nature of the 
rofinitig cinder thrown off during the operation : — 


Silica 23'76 

Trotoxido ol iion CL’28 

Oxide of 3*58 

Alumina 7 '30 

JJme 2*41 

Miifxncsitt 0'76 

Suljjliiir 0*40 

Loss 0*45 


100*00 

Besides the foregoing method of refining, two others, 
long followed to some extent, are known — the first 
is a modification of Bessemer’s process, and the 
second is one patented by Mr. Parry of the Ebbe 
Vale Iron Works, In the first, the action of the blast 
is stopped when the melted iron has passed to tlie state 
of refined metal ; but as the iron prepared in this way 
has never been used in the manufacture of tin plates, 
it will bo needless to prolong the description. The 
metal purified from common Welsh pig contains 
con tesirn ally — 

Sulphur 1-0 to 

rhos|)]ioruB 1*1 ‘2H 

Siliciurn trace 

Parry’s process differs considerably from those 
referred to. According to it the melted pig-iron is 
run at once from the blast into a reverberatory furnace 
very similar to that used in puddling. On each side of 
this are three or four small tuyeres pointing downwards 
to the hearth, through which eiiperhoated steam is 
forced at high pressure ; they are so arranged that the 
current will cause a gyration of the surface of the 
metal, and thereby expose fresh surfaces of it con- 
tinually to the blast. The acliou produced is similar 
to that effected in tlie ordinary refinery — the oxygen of 
the steam, together with that passing over the grate, 
causes the necessary oxidation, and, therefore, the 
formation of cinder as before. It should bo observed 
that in this process a considerable quantity of rich 
cinder, such as hammer slags, inill-scalcs, ct cetera^ is 
added to the melted metal in the refinery, and the 
result of the union is that much of tlie iron in those 
cinders is reduced and converted into refined metal, so 
that in most cases the product equals the amoant of 
metal introduced fr^ the melting furnace. This 


result is brought about by the earbon in the molten 
mass aclatig upon the rich slag, and tedufeJng the iron ’ 
in it to the metalUo state simultaiieoni^y wi£ its bwn 
oonaequent conversion into carbonic oxide, in ^icli 
form it escapes ; hence the cinder produced, though 
abundant, contains less iron than that formed under 
ordinary circumstances, namely, only thirty per cent. 

The hydrogen, likewise, has an important effect ; it acts 
upon the sulphur and phosphorus of the metal, and 
converts these into sulphide and phosphide of hydrogen, 
whicli, like the carbonic oiido just mentioned, escape. 

The metal is thus* rendered much purer, and well 
adapted for the manufacture of tin plates. 

The next operation is the refining in the charcoal 
fire, in a furnace similar to the old blooming fire used ! 
in this country previous to the introduction of the | 
puddling process. It consists of a shallow hearth ! 
eighteen inches deep, twenty-eight hy thirty-two inches ^ : 
at the upper part, and twenty by twenty-one inches 
at tho lower. On one side is placed a Q-shaped 
tuyere protected, like the others spoken of, seven oi 
-eight inches from the bottom. Tho tuyere side and 
that opposite to it are occasionally constructed of wa^er 
blockSf but generally of dry iron plates. Charcoal is 
the find used, and, in recently-constructed works, tjie 
products of combustion pass through a chamber at the 
back of the fire, and there rajsc tho charge of metal to 
a rod heat previous to its introduction into the fire. | 
The refined metal being thus heated, it is drawn down I ! 
into tho fire, the whole of the hearth of which has been 1 1 
previously filled with charcoal, so as to completely cover I i 
tlie tuyere ; more fuel is then added, and the blast i | 
turned on. In twelve to fifteen rainiitcB the metal begins 
to melt, and at the end of forty-five minutes it is com- 
pletely molten and lies on the bottom just under tho 
blast. The workman now proceeds witli a bar to break " 
it up and raise it into more immediate contact with the 
blast, exposing it by this operation on all sides. A 
small quantity of cinder is thus formed, after which it 
is taliped off and another charge of heated metal let 
down and treated in tlio same way till the whole coheres 
into one mass. This occurs about aifhoiir after charg- 
ing. At this period it is usual in most tin works to add 
a bundle of sliavings, cut from the edges of the black 
plate presently to be described. This new addition is 
very quickly blended wiUi the previously formed Ioojjs | 
of iron ; so that in about ten minutes after adding it, 
the whole will bo in one mass at the bottom of, and 
nearly filling, tho hearth. During this part of the work 
very little fuel is reejuired,' merely sufficient to cover 
the iron. It is now taken out of Uie fire and freed 
from scurf and cinder as much as possible, alf the ' 
pieces thus separated and the scales from the kehe \ 
being taken back to the fire for the next charge. The 
loop is first hammered into a roughly cylindrical bloom 
and then into a flat irregular shape of about two iuches 
thick. In this plate are cut deep grooves parallel with 
one another, and six inches apart. * It is then thrown 
jnto cold water to cool, atid broken into tho rectangular 
pieces previously roughly indicated by the parallel 
grooves or notches. The charge of refined metal token 
in this operation is about two hundred and seventy 
pounds, and the loss is such that to ^uke one ton of | 
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ebaa^coahrefinedi or Btamped iroo, as it is sometiraea 
called, requires twenty-two hundreds of refined metal 
and about eight bags— ^ual to one hundred and twenty 
cubic feet — of charcoah The number of charges worked 
off in the twenty-four hours averages eighteen. 

The effect of this process is to continue, and, in a 

- Fig, fi 08 . 


great measure to comidete, the purification begun in 
the previously described process, the result being, in 
fact, crude wrouglit-iron. Tlie fresh fracture presents 
very large, bright, and fiattish crystals, of a silvery 
color ; and its fitness for the subsequent processes is 
mainly judged of by its appearance, and by tbo manner 

Fit;, m 



ill which it breaks under the hammer. Tn fact tliis is 
ulinost the most important operation in the whole series 
which constitiiio in tiro aggregate the manufacture of 
tin plates ; and if it be not properly coircluctcd all snb- 
serpiont treatment results in loss and vexation. The 
chemical reactions that are ctfectod are a continuation 
of tho carbon in tho iron, and tlic separation of the 
sulphur and pliosjrhorus, with otlrer iinpuritios, by tho 
same agency. The similarity between the two mej-hods 
now ti'oatcd of and the Bicssemeh process must bo 
apparent to evei^ one ; tlie only ditlerence bfiing the 
presence of carbon in both, the plans described, to 
prevent tbo excessive oxidation and loss resulting from 
the patented method of Bessemer, 

In some works it is usual to run tho fluid metal 
direct to the charcoal fire, and this practice certainly 
economizes fuel, as all the caloric absorbed in raising 
the Tefincd rnctal from its cold state to the molting 
point must bo saved. When this is the case, the 
refinery is made very much smaller than that before 
mentioned, and is charged with only six hundrtsd weight 
of pig, which, when refined, supplies two charcoal fires. 
Tliis kind of furnace is often called a running out or 
dandy fire — Figs. 608 ami 600, the former a jdan and 
the latter a vertical section on the line a B of the 
plan — and is now very generally used. Instead of 
using charcoal in These fiiea, it is customary in some 
localities to use a very light, spongy coke, and thift^ 
ditfcTence gave rise to the terms cohe and charcoal 
plates, though at present the former name is applied 
to pudillud iron. Coke of this nature has received 
great attention recently ; and there can scarcely bo a 



doubt of the fiict that if this fuel is carefully manu- 
factured from a iwu])er and ]un’e coal, and finished by 
the action of steam wliile hot, accoi jiiig to a process 
lately patented by Mr. II. S. Uober, it fonns as gO(jd 
a fuel as charcoal ; and that tin f lates made in this 
wap arc not to be distiisg.iislied in aj»[iearance or 
quality from tbo charcoal jdates 

Tiiu eliarcoal iron next undergoes a relieating and 
w(‘ldiug process. One of tho rough irregularly oblong 
piece.s, weighing about tliirty pounds, is laid on a 
fiat plate of iron wi|ih a long handle, called the j^orUd 
or stuffs and ]>laced in the hollow fire — shown in 
elevation in Figs. 610 and Oil — where it is raised 
to a soft welding heat previous to reducing it to blooms. 
Fine sand is tlirown on the surface of the metal from 
time to time, to remove the oxide or scale formed on 
it by the action of the heat and the free oxygen 
entering the fire, which scale, if left on it, would 
iiilcrfero with the proper welding. Afterwards it is 
carried to the hammer and beaten into a bloom, as 
stated above, arxl welded to the portal ; this is again 
returned to the hollow fire, tliree other pieces of the 
charcoal iron being previously plac^cd upon it, and 
after its tempiiraturo is raised as before, again worked 
into a bloom six inches wide and two thick under the 
hammer. This is cut nearly in the middle, and the paris 
doubled up on one anoflier — reheated— rebammeved 
into a bloom six indies by four — then taken to the 
liollow fire to be reheated — cut off from the portal — and 
linally passed several times through a scries of grooves 
in a pair of rollers till it is reduced to a bar or slab six 
inches wide and half an inch thick. These dimfensionB, 
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however, vary slightly particularly the tbickuess, ac- 
cording to the size and gauge of the plates afterw^'ds 
to he rolled from thorn. 

The holloUf fm alluded to is one of the earliest 
applications of the gas dame to taotallurgioal pur^- 
poses, having been in nse upwards of seventy years^ 
previous to which an earlier form, was used, and is still 
employed in the charcoal forges of North Lancashire ; 
in lliis early form the iron was surrounded by a dome 

Fig. 610 . 


of ignited fuel, the flame from llie comhustion of 
which produced the necessary heat. In the present 
modification, the furnace is of bricks, and in three 
divisions — at one end is a space containing ignited 
coke, into which a continued blast of air is blown by 
two tuyeres; the flame thus produced passes into 
tlie middle position, where the iron to be heated is 
placed; and the third or middlo-cnd division is in- 
tended for the partial heating of said iron hy the waste 
heat, preparatory to its being introduced to the middle 
division. 

The operation just described is a most wasteful one, 
involving a loss of three or four hundredweight of iron 
per ton of bars made ; and this is the more striking as 
the material operated on is wrought-iron. It is owing 
chiefly to the numerous heatings to w'hich the metal is 
submitted, and the largo volumes of oxygen that enter 
the furnace tlirough its numerous openings, and pos- 
sibly also the excess of blast blown into Ur© coke. The 
latter cause of loss might bo avoided by care on tho 
part of the workmen ; but it is to be feared tlmt the 
waste can be but slightly diminished while so many 


apertures for tho entrance of air ar?J allowed to exist* 
To remedy the evil mapy experiments Jtnad© 

to avoid ^is process altogether, but wilhont 

leading to the adoption of any advantageous plan. 
Mr. William Dakibl patented a mode of dispensing 
with the operation, but it is only partially carried out, 
though it was in a great measure successful. He directs 
to put the lump from the charcoal refinery mider the 
hammer, where it is nohUed or hammered into a roughly 
cylindrical bloom, then passed througli the 
rolls and reduced to a bar six inches square 
and about two feet and a half long. This 
bar is then either cut or sawn into pieces six 
inches long, and rolled endwise to give a 
bar six inches wide, two and a half thick, 
and twelve long ; afterwards this billet is 
healed in a small balling furnace, and rolled 
down to a bar a quarter of an inch tliick, 
eleven wide, and about six feet long. This 
is at once taken to tho tin plate mill and 
made into plates. 

It is necessary to revert here to the coke 
tin plates^ wbich name, as already stated, 
W’as originally applied lo them in conse- 
quence of the kind of fuel used in the second 
refining oj) 0 i’fition* At present it means 
those produced , from puddled iron rolled 
into burs similar to Uiose described in tbe 
preceding, and called tin-plate bars or tin 
bars. In all the subsequent processes the 
sairio nioclas operamli is followed, whether 
the tin bars bo made from tJic puddled or 
from the hollow fire iron— charcoal tin bars ; 
therefore tho following description of the 
luoccBS to which the bars are subjected, 
previous to, and up to their conversion into 
tin plates, applies equally to both kinds. 

The bars are taken to the slioars, where 
they arc cut lo proper lengths iji accord- 
ance with the size of plates lo be made — 
thus for No. 1 C plate, which is X 13 
— see table, page 1071, the length of piece will be 
fifteen inches, tho exact dimensions of it being 
lb X 0 X § iJicbes. These short pieces are tlion 
placed in packs in a reheating furnace, haVing a very 
slow draught, and there raised to a dull rod heat; 
they are next passed singly breadthwise several times 
through a pair of narroAV flat rolls ; reheated, and then 
drawn out across the original fibre to a length of five 
feet and a half. Such plates are then doubled down, 
and the ragged ends produced in the rolling shaved off. 
After this they are returned to the furnace and heated 
to redness, passed tlirough a pair pf rollers similar to 
the last, but more carei'ully turned to give them a 
very smooth surfiicc, and there rolled till each is drawn 
out lo five feet — this virtually being two plates five 
feet long united at one end. The combined plates are 
again doubled, tbe waste end sheared oft', yetumed to 
the fire, and when heated repressed under the rolls 
till they arc extended to about forty-three inches, the 
entire forming four plates. The operation of doubling, 
heating, and rolling, is continued someilmes till tlie 
original idatc is reduced to eight and even sixteen 
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plates, all passing nndor tbe rollers as one. It is to bo 
obi^rved, that great care, is required to prevent the 
plates from being welded either by a too high heat, or 
from a neglect of partially separating them from time to 
time, by the rollers, in tliis way the original piece of 
bar is rolled into four sheets, each forty-throe inches 
lung by fifteen wide. The plate of four, eight, sixteen, 
or thirty-two thicknesses, or sheets, is then taken, 
unopened, to a pair of shears, which out off the two 
ragged longitudinal edges at one stroke, and at such 
distances as to determine the length of the tin plates ; 
they are then out across by the same machine at 
distances equal to the intended breadth of the same ; 
and thus are obtained four, eight, sixteen, or thirty-two 
plates in each division of the proper dimensions, still 
BO closely pressed as apparently to be but one. They 
arc next separated, and all the defective ones picked ! 
out; such, for instance, as contain streaks of dirt 
pressed into tliem, those welded together, and tlie 
like, and the choice ones, called in this state hlach 
plates, are taken to pickling room, II ere they are 
immersed in a bath of warm dilute oil of vitriol during 
fifteen or twenty minutes, to remove the scale of oxide 

Fig 


on them. The acid leaves them with a clean dullish- 
grey metallic surface ; and to assist the action of the 
acid in this respect the plates are rubbed with sand 
and Water, and afterwards washed, when they are 
ready to be sent to the amealirig house. 

It will be readily understood that, after the repeated 
rollings and the immeuse strain the plates have been 
Subjected to, they are at this stage very brittle ; and 
therefore, if turned in this state, tliey would not bear 
to be hammered into the multitudinous and complex 
shapes required in commerce. To remove this defect, 
the process of annealing is had recourse to, and the 
work is conducted thus The plates are ])laccd to 
the number of about eighteen hundred — for common 
sizes — in piles, within a cast-iron box about two feet 
square, the lid carefully luted on to prevent air entering, 
and then placed with several similarly filled ones in a 
stove constructed very much in the shape of a rever- 
beratory furnace, but eonsideiably larger, and having 
its bed on a level with the ground. The fire-bridge 
being tolerably high, tlie flame from the grate rolls 
slowV over tho boxes, and raises them gradually to a 
cherry-red heat, at which temperature they are main- 




tained during twelve hours, and then withdrawn. 
When quite cold, the covers are taken off, tho plates 
taken out,” carefully examined, and sorted. If the 
heat has boon too high, some of tho plates will bo 
found adhering to one another ; if too mild, they w'ill 
not be much improved by the operation, and if air 
should have entered, tlioy will bo cither partially or 
completely converted into scale or oxide of iron. 
After being subjected to this process, tlie plates will 
have a deep plum-color bloom on their surfaces, due to 
a very thiu film or coating of oxide that has formed 
upon them. They are now passed three times through 
a pair of rolls siraiinr in fonn to those previously 
described, but witli whidi great pains have been taken, 
to make their surface hard, smooth, and brilliantly 
polished. Then rolls are placed in close proximity, so 
that the plates passing between them are subjected to 
a very great pressure, but not sufficient to enlarge 
ibera. After having been thus cold roUedj as it is 
termed, the jdates are extremely smooth, and possessed 
of a lustrous and dappled appearance, still owing to 


the thin oxidation. One cfTect of this rolling is to 
make the plates brittlo once more, and therefore to 
necesHitate a second annealing, which is performed in 
the same way as the preceding ; but tlie heat is milder, 
and tho^ time reduced to five or six hours. Another 
sorting follows, when tho good plates are sent to tho 
tin housCj and the defective ones returned wdth tho 
shearings of tho black plates to tho charcoal fire. 

In the tui house tUo plates aro again pickled in a 
warm but more dilute batli of oil of vitriol than that 
already used, during ten ininuteB, then removed and 
w^cll rubbed with sand and water, to detach all dirt 
and scale. They should now have a smooth, ‘|>erfectly 
©lean, greyish metallic surfaco, in which state they 
can be kept in cold water without injury for sorao 
time, and are ready for the tinning. 

Tinning. — Tho apparatus or sioii? — Fig. G12 — 
for this process consists of a series of baths sot side 
by side, for the convenience of the workmen, each 
I bath having a fire beneath it, to keep tho materials 
I they Boveraliy contain in a fluid stato. These hatha 
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or pot$ aro six in number — natn^y> 1, tbo tinman’s 
pot; 2, the tiii-pot; 3, the gashing or dipping pot^, 
4, tile grease*pot ; 5, the cold-pot ; and 6, the list- 
pot. The tinman’s pot is full of melted grease^ and 
into this the plates arc immersed and left till all 
moisture upon them is evaporated, and they become 
oomplotoly covered wiUi the grease. It is about two 
feet long, fifteen inches wide, and twenty inobos deep. 
From the tinman’s pot the plates amnemoved to the 
tin-pot, and plunged into the bath of melted tin, pro- 
tected with a layer of grease which }t contains, and 
remain in it for about twentjj^minutes. This pot has 
a capacity of 22 X 18 X 1% inches. In the first 
dipping the alloy is imperfect, and tlie surface not uni - 
formly coated, consequently the plates are removed to 
the dipping or wash pot, which is divided into two com- 
partments. The first iramersiori takes place in the 
larger division, which contains molten tin covered with 
grease like the last, and here the plate is left sufficiently 
long to make the alloy complete, and to separate any 
snpcrfluous tin which might have adhered to the surface. 
The workman then takes out each plate separately to 
a table between the wash-pot and the grease-pot, and 
wi])es it on each side witli a brush (||hcmp to rcinovo 
any excess of tin; to obliterate the marks of the brush, 
he dips it quickly into the second compartment of the 
wash-i>ot, and then at once into the grease-pot. This 
second compartuiciit of the wash-pol always contains 
the purest tin ; nu<l as it becomes alloyed with iron, it 
is removed to the first compartment of the same, and 
thence fo the tin-pot. The groasc-pot is filled with 
melted grease ; and groat care is necessary to maintain 
it at the proper temperature. Its purposes are to allow 
any supei*fluouH tin to run off, and especially to prevent 
the alloy on the surface of the plate cooling more 
rapidly tlian the iron. If tiiis were neglected, its sur- 
face would bo cracked. After ton minutes’ imrnor^on 
in the grease-pot the plate is removed to the cold-pot, 
wliicli is fillcfl with tallow heated to a comparatively 
low temperature. The ])Ots 4 and 5 servo the pur- 
pose of annealing the plates, and of cooling them down 


to a low tompeiaturo. Tholaafe one eeriea ie the 
list-pot, md ia a email cast-iron bath kept .at a suffi- 
ciently high temperature, its bottom i^prm:ed with tin 
to the depth of a quarter of an indi. the odges 

of the plates are dipped and left in till the wire of tin, 
which usually forms on them in the course of Uie fore- 
going processes, m^ts, and is removed by a quick blow 
on the plate with a sUck. 

The articles are now tin plates ; but before they are 
sent to market, they undergo some further treatment. 
Firstly, they are carefully rubbed with bran to clean 
them from grease and dirt; secondly, they receive 
another rubbing with a pad of sheep-skin, I'etaining its 
I wool ; and thirdly, they are sent to the sorter, whose 
duty it is to pick out defective plates, and to arrange 
tlie good ones in piles according to their sixe and quality. 
They are finally packed in boxes, which are branded 
on the outside with the marks indicating the size and 
quality of the plates, and sent to market. 

Quality of Tin J^aiea . — The tests for tin plates are 
ductility, strength, and color; and to possess these, the 
iron used must bo of the best quality, and all the pro- 
cess bo conducted with care and skill. The following 
I conditions are inserted in some specifications, and will 
serve to indicate the strength and ductility of first-class 
tin plates: — 

1st, They must bear cutting into strips of a width 
equal to ten tiroes the thickness of the plate, both with 
and across tlie fibre, without splitting ; the strips must 
bear, while hot, being bent upon a mould to a sweep 
equal to four times the width of the strip. 

2Md, Whilo cold, the plates must bear bonding in a 
heading machine, in such a manner as to form a 
cylinder, the diameter of which shall at most be equal 
to sixty times the thickness of the plate. In these 
testa, the plate must show neither flaw nor crack of 
any kind. 

^rim following hible exhibits llie usual brands 
and their value in dimensions of plate, number, and 
weight per box, and may bo found useful for refer- 
ence : — 


TAnLlS OF If ASKS, W'EKJUTS, AND DlMF.XStONS OP TIN PLATES. 


Kamo. 

S.zn 

hirb< H liirhes. 

.. 13^ X 10 

NumlH^r 

111 Imx. 

of bo*, 
cwt ur lbs. 


Mark or brand. 

Common, No. 1, * 

225 

1 

0 

0 


10 

No. 2, . . . 

.. X Hi 

.. 12? X Ojf 

44 

0 

3 

21 


n 0 

“ No. a, 

44 

0 

3 

10 


nio 

No. 1, cro:?s 

13? X 10 

14 

1 

1 

0 


1 X 

No. 1, 2 “ 


tt 

1 

1 

21 


I XX 

No. 1, 3 “ 

“ 

44 

1 

2 

14 


I XXX 

No. 1, 4 “ 

«( 

41 

1 

.3 

7 


I xxxx 

Common doubles, 

.. ir.jxi 2 j 

100 

0 

3 

21 


CD 

Cross Uoublos, 


44 

1 

0 

14 


X D 

2 cross tloiibloB, 

i( 

44 

1 

1 

7 


XX D 

3 “ 

a 

44 

1 

2 

0 


XXX n 

4 “ 

(4 

44 

1 

2 

21 


xxxx D 

Common small tloublo^, 

15 XU 

200 

1 

2 

0 


CSI) 

Cross " 

it 

“ 

1 

2 

21 


X SD 

2 cross “ 

• ** . ! ! ! 

(4 

1 

3 

14 


XX SD 

3 “ 

4( 

44 

2 

0 

7 


XXX S D 

4 “ 

14 

it 

.. 2 

i 

0 


XXXX SD 

Wasters, common NO. J, 

131x10,^ 

225 ;; 

1 

0 

0 


low 

** cross No. 1, 

44 

.. 1 

1 

0 


I X w 

^ OQiamon small doublea, . . . . 

!! 15x11 

200 

.. 1 

2 

0 


CSD W 

** common doubles, 

.. loj X 12i .. .. 

100 

.. 0 

3 

21 

• » * f 

C 11 W 

“ cross doubles, 

“ 

44 

.. 1 

0 

14 

• « * * 

XlIW 


The Editor thankfully acknowledges his obligations 1 assistance 
to his late talented pujiil, Mr. K. S. Hoper, for his I plates. 


in pi'cparing the preceding remarks on Hn 
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* IJlTEAMAEINE^-^ Ow^remer, French; LazwrM.n{ 
Qerrnan. — This is one of the most beautiful pij^ments 
known, and its artihcial production is justly viewed as 
belonjjiug to the greatest triumphs of modern chemistry. 
It is obtained by isolating the coloring matter of lapis- 
lazuli, outromer, or kzurstein, mostly brought from 
China, Thibet, and the shores of Lake Baikal. It is a 
m inoral of indeterminate composition, as will be seen 
from the annexed analyses — 


Silicic acid, 

Omolln. 

... 48-00 .. 

I>»nn. 

. 45*30 

Sul]>huric acid, 

. . . 2-00 . . 

5-90 

Alumina, 

... 11-00 .. 

. 31*80 

Suda, 

. . . 8-00 . . 

9*10 

Lime, 

... XC’OO .. 

3*50 

Magnesia 

. 2*00 . . 

. 

Se.squioxide of iron, . , 

. . . 4-00 . . 

0*80 

Sulphur, 

. . . Iruco . . 

. — 

Water, . . . , , 

. . . trace . . 

. — 

CJilorine, 

... <— 

0*40 

Loss, 

... 8*00 . . 

2-00 


100-00 ’. 1 

. 100*00 


Lazulitc often contains scales of mica and iron pyrites. 
It is found in messes, more or less pure, generally in 
small volume, fragile, but callable of scratching glass, 
of granular texture, imperfectly laminated, and almost 
transparent at its edges, ft crystallizes in dodecahe- 
drons, with rlionjbic faces, but the crystals are rare — 
specific gravit}", 2*50 to 2‘96. TJie hue, which occurs 
in isolated places, merges from celestial to pure bine 
and indigo purple. It is usually disseminated in a 
rock, which contaitiB many other laminated substances, 
among which is a fine white lazulito. In the Mu»ee 
Mimralogiqm at Paris are two fine specimens of lazu- 
lite, in wdiich is seen the transition from the azure to 
the white, Tomlinson remarks that the iron pyrites 
sometimes propagated in lazulitc, is of a bright yellow 
hue, heli)ing to relieve the lustre of the blue, and they 
have often been mistaken for pellets of gold ; in fact, 
the cause of its intense blue color was long a matter of 
coidrovorsy. No traces could be detected of cobalt, 
copper, or any other element or compound known to 
impart an azure tint. The existence of an unknown 
protoxide of aluminium — AlO — was even assumed as 
a means of solving the difficulty ; and not until ultra- 
marine had been prepared artificially, and tlie synthe- 
tical proof had thus been superadded to the analytical, 
was it admitted that a blue tint codd bo produced by 
the union of three colorless bodies — alumna^ sulphur^ 
and soda. 

Clement and DiSsoiimes published an analysis of 
this substance in 1806 ; they admit, of course, the great 
difficulty experienced in analyzing ultramarine. They 
regarded it to havo the following composition, which is 
in many respects similar to the results obtained by 
AVilkens, and bubseipiently given — 

Centeabtialljr. 


Silica,., 3.0-80 

Aliiminn, 34*80 

Soda, 43-20 

Sulphur, 3*10 

Carl oiifttc of lime, 3* JO 


100-00 

The groat cost of ultramarine, and the unparalleled 
eirects which it produces in painting, rendered it most 


desirable to produce this compound artificially. Chemists j 
were for some time bafiled by the discordant results | 
each obtained, and were thereby unable to distinguish 
which of the ingredients of ultramarine were essential, 
and which accidental or superfluous. 

The first step, says Tomlinson, towards the pro- 
duction of this pigment artificially was in 1814. Vau- 
QUEUN, in visiting the plate-glass works at St. Oobain, 
was informed bjvtho director of the sulphuric acid and 
soda department of the establisliment, that, in taking 
down the soda furnaces a blue mass was found wfficn 
qris — gritstone — ^was employed in the formation of 
the sole, but there no such deposit when the sole 
was of brick. Tire Editor has often remarked in black- 
ash furnaces the production of ultramarine; in fact, 
all recent analyses of this substance give about one 
per cent, of this blue pigment. Vauqulltn took some | 
of the compound, reduced it to poAvder, and, washing 
it, found it was decolored by the mineral acids, with 
the disengagement of sulfiliide of hydrogen ; that it was I 
not attacked by boiling alkaline solutions, nor destroyed ; | 
at a red heat. This chemist further states, that though 1 j 
the composition of this artificial product is unlike that | j 
of lapis-lazuli, yi^ ho is not without a ho ])0 that the , | 
circumstance may lead to the production of ultrama- i i 
rino artificially. This observation, and the suggestion i 
founded upon it, appeam to have been forgotten for ! ! 
nearly fourteen years. To (jMELIN of Tubingen the > j 
honor of the discovery of artificial ultramarine is gene- ' | 
rally said to bo duo; but, as Tomlinson remarks, if the i 
question of priority were raised, then it must l>e claimed j 
by the Sociite d' Encouragement of Paris, who oflered , 
a prize of six thousand francs for the manufacture ot 
ultramarine. (iuiME/r obtained the prize in 1828, on 
which occasion he commiinioatod his recipe coiifiden- ; | 
tially to Gay-].-L’SSac. . ! 

To prepare the pigment JapIs-laz^jJi, freed from all 
mechanical impurities, is gently ignited, slaked in water, 
and reduced to an extremely fine powder. This is uoav i 
incorporalcd with a melted paste called pastelh^ con- j 
listing of linseed oil, wax, and resin, and kneaded under j 
cold water. Ultramarine gradually deposits in the vessel 
as a dark-blue powder, which grows brighter by degrees, 
whilst the impurities remain entangled in pastdlr. 

The color tlins obtained is of necessity very expensive, 
from tho I’arity of the material, and from the tedious 
and wasteful mode of producing it. 

The preparation of artificial ultramarine has under- 
gone many modifications since the experiments of 
Gmelin. Banner mixes seventy paits of silica, 
two hundred and forty of burnt alum, forty-eight of 
charcoal powder, one hundred and forty-four of flowers 
of sulphur, and two hundred and forty of anhydrous 
carbonate of soda, all reduced to an impalpable powder; 
puls tho mixture in a Hessian crucible, and lutes down 
the cover. Tho crucible is heated to moderate rodhess;' 
and kept steadily at that temperature for an hour and 
a^ialf, and then suffered to cool. If tho operation has 
succeeded, the mass has a loose, half-fused appearance, 
and a greenish or reddish -yellow hue. If solid, fused, 
ami brownish, the heat has been too high. The mass 
is taken out of the crucible, and washed till the liquid 
has no longer a sulphurous taste. The residue, a dai'k 
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I I greenish-blue powder, is filtered, di'ied, mixed with its 

I I own weight of sulphur, and one and a half times its 

I I weight of anhydrous carbonate of soda, and heated 
as before. The residue is boiled with water for some 
time, filtered, and washed till the liquid no longer 
blackens carbonate of lead. Tho dried powder is 
sifted, and submitted to the following final process ; 

A plate of cast-iron is covered to about the depth of a 
line with pure sulphur, upon which tho compound is 
sifted to about an equal depth* The plate is then 
cantiously heated till the sulphnr takes fire. The 
residue is removed from the plate, again pulverized, 
and resubmitted to the same treatment with sulphur, 

^ until the color is found satisfactory. 

PruckneR' adopts a somewhat modified process. 
Sulphide of sodium is prepared by igniting sulphate 
ot soda with charcoal powder. TJiis is dissolved in 
water, some free sulphur is added, tho liquid is concen- 
trated, mixed with one half per cent, of sulpimte of iron 
and twonty-fivo per cent, of a well-tcmpercd clay — the 
purer and whiter the better — tho mixture evaporated 
I to dryness, Hio residue powdered, and ignited for an 
hour in a cupelling furnace ; when cold, it is extracted 
j with water, the residue dried, powderc*^, and once more 
heated in a muffle, when the required tint appears. 

A still further simplification is to ignite siilphale of 
soda with charcoal powder and clay in a crucible, with 
slight access of air. | 

Tiremon’s recipe for this pigment is the follow- | 
ing; — One thousand and seventy-five parts of crystal- I 
Jized carbonate of soda are fused in Ihoir own water of 
crystallization, and tho fused mass mixed by stirring, 

I first with five parts of red sulphide of arsenic, thou with a 
fluautity'of hydrate of alumina, prepared from alum by 
j I i)recipitation with carbonate of soda, and containing 
i j seven parts of anhydrous alumina, and lastly, with a mix- 
j i ture of one hundred parts of sifted clay, and two hundred 
; and twenty-one parts of flowers of sulphur. The mass, 
after being intimately mixed and evaporated to dryness, 

I is introduced into a crucible provided with a good 
cover, and gently heated at first, in order* to expel tlje 
remaining traces of moisture, tho temperature bcii»g 
afterwards raised to full redness. The mass should 
o.iko together without fusing. If tho materials have 
I not boon properly mixed, the whole will exhibit white 
spots; and if it has been fused, it is studded with 
brown ones. After cooling it is roasted, in order to 
expel tho greater portion of the sulphur, then reduced to 
powder, and washed slightly on a filter with cold water. 
The bluish-green powder tlius obtained i^gain roasted 
for an hour or two, with occasional stirring, in covered 
basins, at a temperature never exceeding low redness. 
According to Klsner, a very small quantity of iron, 
such as Is usually contained in the ingredients, is essen- 
tial to ^production of tlm ktiCy but excess is injurious. 
A mixture of one part of clay, pei-footly free from iron, 

V with one part of sulphur and two parts of anhydrous 
carbonate of soda, yields a yellowish mass when ignited ; 
but if a trace of sulphate of iron is added to the mix- 
ture, a mass is obtained which is black, green, or blue,, 
aooording to the degree of heat to which it has been 
Bubjeotod. When potossa is used instead of seda, 
GflRLlK states the blue tint is not obtained. 

VOL n. ' 
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Before the analysis by MARaRAV^ oblor ultra- 
marine had been attributed to the presence df copper, 
but this chemist only found sulphuric* aci4 and 
hxm ; others suspected, naturally enough^ the presence 
of cobalt; others again, hydrofluoric acid. Klaproth’s 
restdts indicated the following ; — , 


Carbdnate of lime, S8*00 

Sulphate of lime, 6*50 

Alumina, . . . , . 14*50 

WUca, 46*00 

Sesquioxido of iron, a*00 

Water, 2*00 


m*oo 

Guyton thougl^t that the coloring matter was a blue 
sulphide of iron. 

Pure ultramarine, according to Wilkens, Ims tlio i 
composition — 

2 (Al,j O3, 8105) -j- Alj Og, 3 Si Os -|- KaO, 0 *{ -f- 3 NaS. 

It should contain, therefore, theoretically — 


Per c<*Yii 

^ fiiUca. 36-75 

Alumina, 26*37 

Sulphur, 13*66 

Soda, 21*20 


100^00 

an assumption which agrees pretty closely with the 
actual audysis of the purest samples. A variety of sub- 
stances, such as iron, lime, potassa, magnesia, sulphuric 
acid, and chlorine, may bo present as impurities, and 
wore, in part at least, puiqiosely added by the earlier 
manufacturers ; but they are found to be perfectly I 
iinnecesaary. The coloring matter appears to consist j 
of hyposulphite of soda and sulphide of sodium. If 
the firing be conducted in porous crucibles, tho colora- 1 
lion of the mass is generally unequal. 

Green Ultramarine.— Ordinary ultramarine, on 
ignition \vith saltpetre, assumes a green color. Green 
portions, more or less in quantity, arc frequently formed 
in tho cniciblos, especially on tho first ignition. On 
repeated heating it passes into a blue tint. Artificial 
ultramarine is, however, very rarely entirely freed from 
all traces of the green modification, and hence it is, for 
the most part, less beautiful than the natural variety. 

Ultramarine is readily docoroposed by acids, with 
evolution of sulphide of hydrogen, and total destruc- 
tion of tho color. At a high temperature this effect is 
even produced by silica, whence the unfitness of ultra- 
marine for painting on glass and porcelain. Solutions 
of potassa and soda have no decomposing action, even 
at a boiling temperature. By a prolonged red heat 
ultramarine is rendered perfectly white, and tlien no 
longer evolves sulphide of hydrogen on Hie addition 
of an acid. 

rurchasers frequently judge of the compar- 
ative value of samples of ultramarine by mere inspec- 
tion — a most fallacious method. The eye may indeed 
decide on the purity of the blue, but it can give very 
little notion of its depth. In other words, it is irn- | 
possible to determine, by mere inspection, how far a ! j 
sample has been let down with some colorless substance. 1 

It is better to take equal weights of the respective | 

samples tmcler examination, and to grind up each with | 
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. t«»i to twenty times Its w^l^bt of gyjmnm. When thus 
l6t down, a difference itt the depth of color becomes 
peroeptiblo. 

B&iENHiiifH pttpatee, H normal solution hf mixing 
one oimce of odno^trated snlphttrlc add with twenty 
grains of water; equal weights-^ftfty to one hundred 
' grains^if ’die Various fwiroples to be examined are 
next taken, and each placed in a separate glass. The 
normal liquor is now added froni a graduated burette 
until the blue color is converted into a reddish one, 
and no blue particles are perceptible. The quantity of 
sulphuric acid consumed in each case sliows the relative 
value of the sample. If cobdt is present, the blue 
color of the sample cannot be completely destroyed 
by the acid. 

Uses . — Ultramarine is employed as a pigment by 
artists and decorators. Under certain drenmstancos, 
however, it gradually loses its color if ground with oil. 
It is also used- in printing cotton and woollen goods, 
being fixed to the fibre either by solutions of albumen 
and casein, or by shell-lac varnishes. It is abundantly 
employed as a ppzoder^hltte, in getting up white cotton 
and linen goods. For this purpose it is ground up with 
fioda-ash, chalk, gypsum, or any other cheap white 
matter, and sold sometiraes under its own name, but 
more frequently as superfine Saxon smalts. This fraud 
is much in vogue in sea-port town on the Eastern 
coast of England notorious for its manufacture of 
inferior and spurious colors. The detection is not 
difficult, since h 3 ^drochloTic acid at once destroys the 
color of ultramarine, whilst it is without action upon 
genuine smalts. 

VAJUnSH,— French ; Fimtssj German.— In 
the commonest acceptation of the term, a varnish con- 
sists of a resin of some description dissolved in a fluid 
i more or less volatile, which, on evaporation, leaves the 
I resin in the form of a lustrous film. It is generally 
I applied by means of a brush in successive coats, and is 
I laid on in the direction of the fibres of the wood. The 
most desirable feature of a good varnish is durability, 
dependent upon the quality of the resin and its solvent, 
j The principal substances employed in making var- 
I nishes are the following ; — 

j SOLVENTS. 

Oil of nuts— alcohol. 

1 Oil of litiBeed— Huthor. 


Oil of turpentine* 
oxide of inethyle. 
Oil of roflemary— 

— wood-Bpirit, pyroxilic alcohol, or hydrated 

-methylated spirit. 

SOLIDS. 

Amber, 

Colophony, 

Elemi, 

Anime, 

Benzoin, 

Copal, 

Lac, 

Damara, j 

^andarac. 

COI/)RS. 

Maatio, 

Aloefi, 

1 Draj'on’B blood, 

Ked sanndera, 

Annotto, 

Gnnihoge, 

Saffron, 

Cochineal, 

1 Indigo, 

Turmeric. 


The Spirituous varnishes dry most rapidly; this 
advantage is, however, partly counterbalanced by their 
I aptitude to crapk and to peel off. This defect is par- 
tially remedied in the turpentine vamisbes which drj" 
j more slowly. But in those called oil-mmishes^ this 
I defect is alone entirely obviated : in these a small quan- 


tity eff a drying oil is added to the solutiott of the ream 
in rectified spirit of turpentine; and although they take 
a longer time to dry, they are all the more durabl!9^ 

B^re treating of the various vamiBhes, a desorip* 
tiott win be given of the chief resins before mentioned, 
as being employed in the manufacture 
Amber is most distinguished for durability. It is 
usnally of some shade of yellow, transparent, hard, and 
moderately tough. Heated in air it fuses at about ; 

it bums wiih a clear fiame, emitting a pleasant odor. 

When pounded, absolute alcohol extracts sucoinio aoid 
and resin ; the latter to extent of about one-eighth 
of the weight of the amber. In fact, amber is a mix* 
ture of several resins. It resists, the action of solvents 
so greatly, that it requires to be fused and kept in a ! 
state of fusion— for oxidation— at a somewhat high tern- | 

perature before it is fitted for making amber-varnish. 

The costliness of amber, as well as the length of time it ! 
takes to dry, are the chief objections to it. 

Anime is imported from the East Indies. The large, 
transparent, pale-yellow pieces, with vitreous frac- 
ture, are best suited for varnish. Inferior qualities are 
employed for manufacturing gold-size or japan-black. 
Although superior to amber in its capacity for drying, 
and equal in hardness, varnish made from anime deepens 
in color on exposure to air, and is very liable to crack, i 
It is, however, much used for mixing with copal varnish. I ; 

Benzoin is a gura-rcsin but little used in varnishes on \\ \ 
account of its costliness. The finer sorts are brittlt', , I 
pulverulent, with conch oidal fracture ; they fuse at a I : I 
gentle heat. : j | 

Colophony is synon 3 miou 8 with arcanson and rosin. | | 
When the resinous juice of Firms sylvestris and other 1 1 
varieties is distilled, colophony remains in the retort. ' ! | 
Its dark color is due to the action of the fire. Dis- j j 
solved in linseed oil or in turpentine by the aid of heat, | i 
colophony forms a brilliant, hard, but brittle varnish. , I I 
Copal is a gum-resin oi immense importance to Uie | ! | 
varnish-maker. It consists of several minor resins of 
different degrees of solubility. In durability it is only 
second to amber ; when made into varnish, the better | 
sorts become lighter in color by exposure to air. 

Copal is generally imported in largo lumps about the 
size of potatoes. The clearest and palest are selected 
for what is called hody-gum ; the second best forms 
carriage-gwn ; whilst the residue, freed from the many 
impurities witli which it is associated, constitutes worst, 
quality^ fitted only for japan-black or gold-size^ 

Copal is tastelcBs and inodorous ; transparent and of 
coQchoidal fipeture. Heat softens it without rendering 
it viscid. In alcohol it is but little soluble ; but it is 
said to become more so by reducing it to a fine powder, 
and exposing it to atmospheric infiuences for twelve 
months. Boiling alcohol or spirit of turpentine, when 
poured upon fused copal, accomplishes its complete 
solution, provided the solvent be not added in tod laigc 
proportions at a time. The addition of camphor also 
promotes the solubility of copal ; so likewise does oil 
of rosemar}'. 

Dorntmta is a tasteless, inodorous, whitish resin, 
easily soluble in oils. It is not so hard as mastic, with 
which it forms a go(^ admixture. * 

El&nd is a resin of a yellow color, semi-transparent, i 
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asd of faint fragrance. Of tUe two resins which It 
oontakra, one is crystaUisahle and solnblo in edd 
alcohol. 

Lab constitates ^ basis of spiiit-vai^iMii. Ths imn 
is soluble in strong sleobol aided by heat. Its solution 
in ammonia may be used as a varm'shf when the articles 
coated with it are not exposed more than an hour or 
two^at a time to water. 

Jifasftc is a soft resin of considerable lustre. The 
two sorts iu commerce arci in tears and tiie camtnan 
mastic j the former is the pur^ of the two. It consists 
of two resins — one of which is soluble in dilute alcohol. 
With oil of turpentine it forms a very pale varnish of 
great lustre, which flows readily and works easily. 
Moreover, it can be readily removed by friction with 
the hand; hence its use for delicate work of every 
description. 

Sandarae is a pale odorous resin, less hard than lac 
with which it is often associated as a spirit-varnish. 
It consists of three resins difiering as to solubility 
in alcohol, ether, and turpentine. It forma a good pole 
varnish for light-colored woods ; when required to be 
polished, Venice turpentiue is added to give it body. 

Of the solvents of these various resins little need be 
said. In the manuiacture of varnishes great care, as 
well as cleanliness, are required. The resins should be 
waslicd in hot water, to free them from particles of dust 
and dirt ; they should be dried and assorted according 
i to tlieir color, reserving the lightest shades for the best 
I kinds of varnish. 

The Unseed-oil should be as pale-colored, and as well 
clarified as possible. New oil always contains mucilage, 
and more or less of foreign matters ; as these prevent 
the regular absorption of oxygen, tlie oil requires pre- 
liminary treatment. The common plan is to boil it 
with litharge; but such oil varnish is inferior to that 
prepared with sulphate of lead. 

The best method is to rub up linseed-oil dry 
sulphate of lead in sufficient quantity to form a milky 
mixture. After a week’s exposure to the light and 
frequent shaking, the mucos deposits with the sulphate 
of lead, and loaves the oil perfectly clear. The precipi- 
tated slime forms a compact membrane over the lead, 
hardening to such an extent that the clarified oil may 
be readily poured off. 

TwrpesUine is of very extensive use. The older it is, 
the more ozonized, the better it is. Turpentine var- 
uisbes diy much more readily than oil varnishes, are 
of a lighter color, more flexible and cheap. They are, 
however, neither, so tough nor so durabk. 

Alcdkoi is employed as the solvent m saudarac and 
of lac. The stronger, eateris paribuSf the better. 

Naphtha and methylated spiriL of wine are meed for 
the cheaper varnishes. Their smell is disagreeable. 
The former is, however, a better solvent of resins than 
aloobcd. 

SpIPIT VABNiflXmS. — ^Mix- 

Alcohol 500 parts. 

Kther SO “ 

Heat In a flask, and buspeud therein from a bag, one 
iumired and twenty parts k finely*di vided welt oxidized 
copal. Oontinue the heatoniil coin|ilete solution takes 
pkco. • 


Such a varnish combmes briUianqy and; transpu^nnqy 
with oonsidorabk hardness and solidify* ; 4'S color is 
easily generated over the Are, the ms^erihk are best 
digested in a water bath. Buch a vai^^tsh ls, hoWeaer, 
only , suitable fov fancy articles^ and ki aibsr all, ;noi 
eqi^ to a mixture of resins. 

A YAaUlSH VOft PATBB, ICAFS, St CBTSiA. 


« Fast* 

Spirit cff wine, 

Mofltlc, 6 

Sandarae, 3 

Venice terpentine, 3 

Pcniukd gktM,. A 


Mix the pounded mastic, sandarae, and glass 
thoroughly together, and place them in a tinned copper 
digester. Add the alcohol, stir well and frequently 
with a wooden spatula, and heat for several hours in a 
water bath. When the solution is complete, add the 
turpentine, stir frequently, continuing the heat for an 
hour, and strain when cold through a cloth. 

This method is applicable to all spirit varnishes. 

A WHITS SriBlT VABHIBB FOB VIOUNS. 

Spirit of wine, «... One gallon. 

Mastic, Two potmde. 

Turpeutine varuidi, One pint, 

A VABKISU FOK WUITK WOOOfl. 

Bleached shellac, Throe pounds. 

Spirit of wine, Two and a h^f gallons. 

The shellac should he first dissolved in a gallon of 
the spirit, and the rest added after straining. 

AHOTUEK VAKNISH FOB IfUStOAL mSTBUlfBNTII. 


Spirit of wine, .32 

Sandarae, 4 

Founded glass, 4 

Seudlac, 2 

Mastic ill leaiB, 2 

Venice turjieutlnc, 2 

Elemi, 1 


These varuishes may be readily colored — red^ by 
dragon’s blood; yellow, by gamboge. If a colored 
varnish is required, clearly uo account need be taken 
of the color of the resins. Lac varnish may be 
bleached by Mr. Lemming’s process r— Dissolve five 
ounces of shellac in a quart of spirit of wiue; boil 
for a few minutes with ten ounces of well-burnt and 
recently-heated animal charcoal, when a small quantity 
of the solution should he drawn off and filtered : if 
not colorless, a little more charcoal tdiould be added. 
When all tinge is removed, press the liquor through 
silk, 04 linen absorbs more varnish; and afterwards filter 
it through fine blotting-pai)er. Dr. Hare proceeds 
as follows Dissolve in an iron kettle about one 
part of pearlash in about eight parts of water, add 
one part of shell or seed lao, and heat the whole to 
ebullition. When the lac is dissolved, cool the solution, 
and impregnate it with chlorine gas till the lao is all 
precipitated. The precipitate is white, but the color 
deepens by washing and consolidation. Dissolved in 
alcohol, lao bleached by this process yields a varnkh 
which is as free from oolpr as any cop^ vaTuisb, 

One word in conclusion with reference to sh 
varnishes. A damp atmosfdiere is sufficient to occa4i<m 
a milky dspo^ cf remn, owing to the dilut^ spirit 


J070 


VARKISH— ' — KS3EN0E AND OiL Vaknisites. , 


depo^itiDg a portion ; in nuoh caise th^ varnidi is sold 
toh^eihilledi 

Essence VARNi8iiE»,*^Thejr do not diflfer csson- 
tislly in their manufacture from spirit vaniisfies. The 
produced by them Is more durable, although 
they tai© a longer time to dry. 

Tithle VaarwkK may be mad© a$ follows : — 


Damroft roEln, 1 pound 

Spirits of tnrpentino, 2 pounds 

Camphor;. 200 grains 


Digest the miiturafor twenty-four hours. Iho decanted 
portion is fit for immediate use. 

COMMON TAIIL^ VARNl^^H. 


Oil of turpontino, 1 pound 

Bi.-es’ wax, , . , . : 2 nuncoa 

Colophony, 1 ilrachin 

COPAT^ VAUNISn FOR INSIDK WORE. 

Pounded and oxidized copol, 24 parts 

Spirit of tuqxjntino, 40 “ 

(Jamphor, 1 

FLKXir.LE COPAL VAUNlSn. 

Oopal in powder, 10 parts 

Camphor 2 “ 

Oil of lavender, 90 “ 


Dissolve the canii>hor in the oil, heat the latter, and 
stir in the copal in sucobssive portions until complete 
solution takes place. Thin with sufficient turpentine 
to make it of proper consistence. 

Oil Varnisiucs. — T hese, the most durable and 
lustrous of varnishes, are composed of a mixture of 
resin, oil, and spirit of turpentine. The oils most 
frequently employed are linseed and walnut ; the resins 
chiefly copal aud amber, but also the others already 
recorded. 

The drying power of the oil having been increased 
by lithargo, red-load, or by sulphate of load, and a judi- 
cious selection of copal having been made, it is neces- 
sary, according to Booth, to boar in mind the following 
jirocaiitions before proceeding to the manufacture 
of varnish : — 1. That oil varnish is not a solution, but 
an intimate mixture of resin in boiled oil and spirit 
of turpentine. 2. That the resin must be completely 
fused previous to tlie addition of the boiled or prepared 
oil. 3. That the oil must be heated frcmi 250" to .^00". 
4, That the spirit of turpentine must be added gra- 
dually and in a thin stream, while the mixture of oil and 
resin is still hot. 5. That the varnish bo made in 
dry weather, otlierwiso moisture is al)st)rbed, and its 
transparency and drying quality impaired. 

The heating vessel must be of copper, with a rivetted 
at^d not a soldered bottom. To promote the admixture 
of the copal with the hot oil, the copal— carefully 
selected and of neatly uniform fusibility — is se^jarate^y 
heated with continuous stirring over a charcoal fire, 
i Good management is required to prevent the copal 
from burning or becoming even high colored. When 
completely fused, tlie heated oil should be gradually 
poured in with constant stirring. The exact amount 
of oil required must be determined by experiment, If a 
drop upon a plate, on cooling, assumes such a Con- 
sistency as to bo penetrated by the uail without crack- 


ing, the mixture is complete ; but if it Cracks, mpr© oil 
must be added. 

The spirit of turpentine previously heaited Is added 
in a thin stream to the former mixture, care being 
taken to keep np the heat of all the parts. With 
proper attention to these directions, the following pre- 
scriptions from Dumas, Tomlinson, Booth, and others, 
will be found of use : — 

GOCAX TARNISH FOR FINE PAINTINGS* , 


Gum copal, fimed, 8 pounds 

Linseed oil, healed to 21)0°, 2 gallons 


Boil for about a quarter of an hour, until the mixture 
strings strongly, and then add spirit of turpentine, hot, 
three gallons. AlUiough much loss of turpentine oiisucs, 
the vamisli W'ill be so much the more transparent, 'dur- 
able, and drying. 

CABINET VARNISH. 


Copal, fuBed, 14 pounfla 

Linnocd oil, IkjI, 1 gallon 

Turjientine, hoi , . . .3 gallon^ 


Properly boiled, such a varnish will dry in ten minutes. 

BEST nouv COrAL VAllNIBH. 


Copal, fiifacd, 8 pouiidw 

Liusood oil, l)Ot, 2 gallons 

Tui-]ientino, hot, “ 


The mixture must be slowly boiled for five hours until 
quite stringy, and subsequently mixed with the heated 
tuiqientine. This varnish is well suited for all objects 
intended for polishing. 

In preparing artistH^ copal varnish it is advisable to 
separate the particles of copal by means of pounded 
glass, to prevent the gum from adhering, so that a 
moderate lire will suffice. Tlic older the tuipentino 
the more drying the varnish. Take — 


Fifiust piclied copal, 3 pounds 

l^ounded glass, 2 “ 

LiiiBcod oil, 3 quarts 

fc5]iirit of lurpciitiiio 5 “ 


All the beforo-montioiied varnishes are recommended 
to be made with clarified, but not otherwise prepared 
oils. Consequently they take long to dry, and cannot 
bo polished for months. Animo is often introduced to 
liasten the hardening of the varnish, in the proportion 
of one part to tw'o of copal. Bat such varnisli is less 
durable. A yet inferior copal varnish contains anime 
in ilic proportion of two parts to one of the former. 

WATNJW^OT VAUNISII FOR HOUSE FAINTING AND JAPANNING. 


Animo, 8 pouudt? 

Clarified liiibcod oil; .3 gallons 

Lilharge, 4 pound 

Acotato of lead, A pound 

Buli*hate of copper, J pound 


All these materials must be carefully but thoroughly 
boiled together until the mixture bcCbmos quite 
stringy, and tlicn five and a half gallons of heated 
turpentine stirred in. 

Such a varnish is, of oourso, every way inferior to 
one made with a carefully prepared drying oil, as above 
prepared by the aid of sulphate of lead. But it exsiccates 
very rapidly, and is well suited to the common purposes 
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foi;^wbicU it ia intended. It can be easily deepened in 
Color by the addition of a little gold-sLae. 

The varnish used in India for palanquins is made by 
melting a kind of 8andarac» and mixing it witli boiling 
and drying linseed oiU Mr. RhoM, in Balfmt'M 
Ci/clppcsdiaf knows of no bettor or more durable polish 
for teak and chittagoug wood patticuiorly, than may be 
prepared by melting three or four bits of sandarac, of 
tlie size of a walnut or small eggf and pouring upon it 
a bottle of boiling linseed oil previously rendered drying 
I by boiling litharge or other dryer, and after boiling 
i them together gently for an hour, adding wliile cooling a 
I loaspoonful of Venice turpentine. If too thick, it may 
I bo thinned with spirit of turpentine. It should l>o 
I rubbed on the furniture, and after a little time — during 
j which it may be exposed to the sun — rubbed off. The 

I friction should be continued daily, and tlie polisli 

should not bo * again applied for eight or ten days ; 

I after which it may be slightly applied every one 

! or two montlia. Water does not injure this polish, 
i and any stain or scratch mo^i bo rubbed over, which 
i cannot be done with French polish. To give the 
I appearance of gold to silver loaf used by the Conda- 
, pilly Moochies, for ornamenting boxes, palanquins, et 
i edera^ a little aloes is dissolve^d in the varnish, which 
j is laid over it. A very good varnisli is prepared by 

I ]\Ioochics with shell-lac and wood oil, heated in small 
i qiiantities. 

j French polish is employed upon flat surfaces, and 
; I consists simply of a solution of resin in spirit of wine. 

! j Tlxe simplest sort of French polish may bo made by 

I I dissolving one and a half parts of shell-lac in eight 
parts of spirit of wine. Buch a polish is very durable, 
but many other gum-resins are employed. A good 
dark-colored polish is prepared from one pound of 
bholl-lac, half a pound of gum-benzuin, and one gallon 
of spirit of wine. Others recommend twelve ounces 
of shell-lac, three ounces of copJkl, six ounces of gum- 
arabic, to one gallon of spirit. 

The laeJeer used for wood work or brass is also a 
varnish. For brass the proportions are lialf a pound 
of palo shell-lac to one gallon of spirit of wine. It is 
better prepared witliout the aid of heat, by simple and 
repeated agitation. It should then be loft to clear 
itself, and separated from the thicker portions and from 
all impurities by decantation. As it darkens on expo- 
sure to light, the latter should be excluded. A pale 
yellow lacker may be made by mixing one ounce of 
gamboge, and two ounces of Cape aloes, wdth one 
pound of shell-lac. For a bright yellow half a pound of 
turmeiac and two ounces of gamlxogc are required j for 
a red lacker, half a pound of dragon's blood and one 
pound of annotto. It need scarcely be said that the 
color will also be modified by that of the lac employed. 

WATER. —EaUf French ; Wasser^ German ; A qua, 
Latin.-^The poet SouTiifiY thus appositely writes of 
this all-nup6rtant fluid 

Most Idcsscd neither tongue can tell 

The blesBodness thoreuf ; no heart con think. 

Save only thoso to whom it has been given 
To taste of that divinest gift of heaven. 

In the very first record of that fiat of the Creator, 
which called forth by omnipotent volition tlio innu- 


merable planetary bodies distributed in iafinitewpacet 
tlm {vrimary matter especially mentioned h wa^)r And 
the Spirit tjf God vfWFoed vpm the /ooe of iki nufiadort. 
Whether the circnmstaticeB of the creation, ne relaled 
in Geneefs) differ from the order observed in ^ving 
form tOf and producing diversity of, objects upon the 
earth by tlm great First Cause^ is a question which 
does not affect one way or another, the subject of tlie 
I present article; although the study i>f the disposition of 
the principal objects within the limited ronge of man^s 
sphere of inquiry, geographically and geologically con- 
sidered, demonstrates most conclusively, that water has 
fulfilled functions in the formation of mineralized and 
other strata in the solid crust of the earth, of undeniable 
j importance. It is not previous to the generation of 
vegetal and animal life, however, that the importance 
of water, as an abundant and primary constituent of 
the globe, can bo properly estimated ; for it is only in 
tlie fulfilment of the higher designs of Providence, such, , 
for instance, as the production and sustenance of vegetal 
and animal life and organization, that any approach to 
an adequate notion of the great ends whicii water serves, 
can be formed. Without water no organized struc- 
ture, whether of vegetal or animal, could, in the human 
estimation of things, preserve its functions and repro- 
duce itself in obedience to the great generic law of 
Nature. Independently of its essential importance 
in this respect, water serves another purpose only 
secondary to it— namely, that of distributing a medium 
tempeiature over ibe whole surface of the earth, con- 
formably to certain physical laws which will be subse- 
quently alluded to, thereby insuring a genial warmth 
w'hich is absolutely necessary for the development of 
plants and animals. It may be assumed, that for sonic 
such or other similar all- wise dis}>en8ationB, the extent 
and quantity of water on the globe greatly surpasses 
that of the land. It is well known that water is cap- 
able of combining with caloric to a great degree ; and, 
owing to the superficies of the globe l>cing to' the extent 
of two-thirds, water, it is evident the chief portion of 
the heat derived from the sun is stored in this liquid, 
for the purpose merely of being eliminated gradually 
to compensate the earth for that which, owing to its 
superior radiating power,. it gives off* so freely as to chill 
it to a degree prejudicial to organized life, unless sup- 
plied by winds or air-currents, passing over the surface 
of large tracts of waters. This capacity of storing 
caloric poflsessed by water is subservient in other , 
respects, not only for equalizing tlio heat of the habi- 
table portions of the globe, but for the distribution of 
the liquid itself over the arid parts of the eartft For 
instance, the warm rays of the sun would be unendur- 
able in the torrid zone, were it not tliat in these regions 
large quantities of water are evaporated, and that every 
unit of it thus converted into vapor renders latent or 
insensible above one thousand units of heat, thua beau- 
tifully neutralizing the violent effect of the sun’s intense 
rays. Again, the aeriform moisture ascends obedient 
to its expansive force, and diverges laterally to colder 
regions, where the water having parted with a great 
portion of its acquired tempemturc, condenses into j 
clouds, and finally falls as rain, hail, or snow, to 
refresh and nourish life in its multifarious varieties ; 
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wlukta oarveut of air from coldar regions loaded with 
inrator roehee to Iho ^ence it was driven, to 

oompen&ate the loss of moiotme, and maintain the 
eqnilibciuffl of tempevature. Thus is a beautiful pro- 
visioa for ^0 presemtion of organic life and the 
maintenanoe of a g^ial warmth .sustained, a provision 
which, hrom its regularity and piecision, is called a 
phymcal law« though in reality a divine and beneficent 

dispensation* « j 

Water k therefore of primary importance as well in 
the physiology as in the economy of life, and quite 
as indispensable as the air breathed from the dawn 
to the close of man^s existence; without them all 
other provisions of nature would, under existing cir- 
cumstances, be inadequate to sustain vitality. 

History. — In considering water scientifically, it ofiers 
a wide and an interesting field of inquiry to the aspiring 
student.. For a long time many earnost minds were 
misled regarding its nature, nor was it till almost within 
the span of the present age — namely, in 1781 — that its 
true composition was revealed. Formerly, philosophers, 
universally following the footsteps of the ancients, 
regarded it as one of their elements, though, in later 
times, some among them were found who considered it 
transmutable into an earth by repeated distillations, in 
consequence, as Lavoisier subsequently proved, of the 
glass vessels in which the operations were performed, 
undergoing slight disintegration on the surface, and 
giving rise to a crust of silicious and other matters con- 
tained in the glass. Its real nature lay hidden and sub- 
ject to conflicting hypotheses till, by the 8U|)erior powers 
of deduction, aided by a deep and patient penetration 
into the secrets of phenomena, according to the principles 
of chemistry as then understood, Cavendish, by most 
conclusive and beautiful researches, as well synthetically 
as analytically,, revealed its true nature as a compouiid 
body. Like all other inventions and discoveries of 
great importance, there were others ready to claim the 
honor, such as Watt and Lavoisier ; but evidently 
the principles which they enunciated appear to have 
originated with Oavkndish, and had been communi- 
oated through Priestley and others to the fore men- 
tioned philosophers, previous to the publication of the 
account of Cavendish's researcbes on tlio subject. 
The light thus shed upon the knowledge of chemical 
phenomena, might appropriately be placed in juxta- 
position with die brilUaot lustre emanating from the 
discovery of oxygen by a Priestley, or from that of 
the atomic theory by a Hioqins and a Dalton. The 
j .phenomena attending the combustion or explosion of 
I hydrogen gas in common air, and the endeavors of 
[ Warltiae to deduce from the experiment whether 
or not caloric was ponderable, seem to be the primary 
facts that led subsequently to the discovery of the 
compositum of waters Priestley, Warltire, and 
doubtless others, too, repeated the experiment fre- 
quently ; and although water was a product in every 
instance, yet no one before Cavendish seems to have 
given the necessary attention to the question of how 
this water was formed. After numerous trials xegard- 
ing the proportions of air and hydrogen that were 
required to produce this important liquid, Oav^U^I^H 
found these to be two volumes of hydrogen and five 


of afrk Subsequently the research in this diiei^on 
recommended to other philosophers, among w£om 
Gav-Lu 88AO fixed the respective quantities of the 
component gases necessaxy to produce water at one 
volume of oxygen and two of hydrogen. 

Preparation. — When two volumes of l^drogen 
and one of ox^'gen gas are mixed in a confined vessel 
and ignited by means of the electric spark, a slight flash 
of light nnd loud explosion follow their combination, 
and water remains in the vessel to the extent of the 
weight of the combined gases. In like manner, when 
hydrogen issuing from a small jet is ignited, and a 
deep cylindrical glass is inverted on tire fiame, water is 
produced; and, owing to it being condensed on the 
cold surface of the glass, appears first as a slight coat- 
ing of dew, and subsequently in the form of small dro)>6 
which trickle down the walls of the vessel. Many 
otlier means are now known, whereby pure water from 
its elements is produced, such, for instance, as trans- 
mitting pure hydrogen gas over several metallic oxides 
inclosed in tubes, and cheated to redness. The most 
conclusive experiment for demonstrating the com})o- 
sition of water is that performed by the aid of the 
galvanic battery. In this experiment, the constituent 
gases are evolved at the respective poles of the battery 
in the ratio of two volumes of hydrogen and one of 
oxygen ; and by mixing these gases in a eudiometer or 
other tube, and transmitting the electric spark through 
them, water is again reproduced. It would be tedious 
to specify the numerous ways in which water can he 
formed from the combustion of hydrogen. It may 
be instanced, however, that finely-divided platinum — 
platinum black — possesses the power of causing the 
combination of the gaseous constituents of water in a 
remarkable manner. The principle of Dorereiner's 
instantaneous light is founded on this same property. 

The arrangemeiit by which the decomposition of 
water may be illustrated, couslsU simply of a glass 
globe with stopper oponinpy at the sides and at the top, 
filled with water. Sujall platiniun wires pass through 
the corks at the sides, and up through the apertures at 
tlie top, terminating iu flat [)lates of the same metal. 
Two graduated tubes filled wilh water arc inverted over 
these plates, and the zinc and copper poles of a voltaic 
battery connected witli the protruding wires at the side, 
thus converting the two tubes into ordinary decompos- 
ing cells. On setting the battery in action, Uie water in 
the tubes will undergo decomposition in part, oxygen 
being formed on the side of the copper or positive pole, 
and hydrogen on that of the ziucoid or negative pole ; 
both gases, as they accumulate, ascend to the closed 
ends of the tubes, forcing out the water. By reading 
the index on the tubes, it will be found that the quan- 
tity of hydrogen in the tube inverted on the zincoid 
pole will be strictly double the volume ^of the oxygen 
in the other ; in other words, the elomenta are evolved 
in the exact ratio of their existence in water, aa may 
be proved experimentally by exploding the mixture of 
both gases in a cylinder over mercury. 

Properties of Water. — Water, like gases and 
elastic bodies generally, possesses very varied proper- 
ties both of a physic^ and a chemical nature. The 
knowledge of the former constitutes the chief division 
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df two correlative branches of the physical seienoes, 
namely, hydrostatics and hydrodynamics ; the former 
relating to the equilibrium, or Ilia statical momentum 
of diis fluid, and the latter, to the order of its motion 
under unequal forces. As the knowledge of these 
Is more particularly connected with the science of 
mechanics omengineering, they neec) not be specially 
dwelt upon here. 

Pure water has neither taste nor smell ; it is color- 
less in small bulk, but of a greenish hue when seen in 
large masses. Water is solid at temperatures below 
32**, liquid between 32** and 212**, and gaseous at a 
higher heat. By a careful method of reducing the 
temperature of water, an3 guarding against any agita- 
tion of the liquid or contact with any angular body, 
the point of solidification descends as low as 8®, or even 
I 6* ; that is, 24° and 27** below the point at which it 
I freezes when it is agitated. In like manner, if the 
i ordinary pressure under which it boils at 212°, namely, 

! tliirty inches of mercury, be reduced, the phenomenon 
of ebullition succeeds at considerably lower degrees of 
heat. Thus it is that on the summit of high moun- 
; tains, where, in consequence of the elevation, the nor- 

; mol pressure of the atmosphere is lessened, water is 

j observed to boil at a lower therm ometrio degree than 

! at the base. In the act of solidification water resolves 

j itself into numerous forms, one of which is a rhomboid, 

j closely resembling Iceland spar. Under ordinary cir- 

j cumstanccs, when its particles are in equilibrium, water 

j IS elastic and compressible. This property had long 

1 since been proved by Oersted, and modemly has been 

established by Perktns. I’he results are, however, 
variously stated : thus, Perkins found that by a pressure 
of three hundred and twenty-six atmospheres, the com- 
I pression amounted to *035 of the bulk, or a value of one 
hundred *knd eight millionths for every atmosphere; 
whereas, when the strain was raised to. two thousand 
' atmospheres, tlie reduction was less than one-half of the 
j above for each atmosphere, namely, forty-one millionths, 
i Oersted found the average reduction per degree to be 
I forty-five millionths of its bulk ; he likewise observed 
that the contraction increases in direct proportion to the 
power exercised in compressing it, up to seventy atmo- 
spheres. Water is likewise subject to compression^^nd 
extension when under the influence of another power, 
namely, that of heat, but with greater irr^ularity than 
is observed when acted upon by mechanical force. 
Generally speaking, the abstraction of heat from bodies 
serves to bring their particles closer together, and 
therefore contract them, oxi^viceversd; but the axiom is 
true with regard to water only within certain limits. 
For instance, when ice is melted by causing it to com- 
bine with caloric, instead of expanding with each incre- 
ment, its bulk suffers a diminution till the temperature 
of the mass Ibises to 39*2°, at which degree it has been 
found to possess its greatest density; on continuing the 
addition of heat, however, it begins to expand till the 
^ I boiling point is attained, the acquired bulk in this range 
being, according to the researches of Halstrom, one 
part in twenty-four. The experiment can be easily illus- 
trated by a glass vessel fitted with a narrow tube; 
the contraction and expansion of the water in the flask 
being indicated by its descent or rise in the oapfflary 


tube inserted into its mouth* The peotiliwity attend- 
ing a change of temperature ha betiiseen 

the limits of 32** and 48* may be simwn to 
the eapeeted effeots resulting under 
stances flroin the addition or abstmotion ' of cuilocic; 
thus, the expansion which is observed to take ;ptatie in 
the liquid ^om its point of greatest denelby, 32^, 
when heated through a range oarresponding to that 
between this and the fraeziog point, equals exaeUy 
tliat which a reduction of temperature from 39*2° 
towards the freezing efieots, so that vohune at 48* 
and 32° is exactly the same. 

The following table Of the contractihn and expansion 
of water between the three points, 32°, 39*2*, and 212°, 
gives the results arrived at by Kofps — 



Voltiro*. 


Volttin#, 

32*0 ... 

1*000000 

,69*8 .. 

. 1*001774 

. 33*8 ... 

*999947 

71*6 .. 

, 1*001995 

80*5 . . 

•999908 

73*4 .. 

. 1*002224 

37*4 ... 

*999885 

75*2 

, 1*002465 

39*2 ... 

•999877 

77*0 .. 

. 1-002^5 

41*0 ... 

•999883 

86*0 .. 

. 1*004064 

42*8 ... 

•999903 

95*0 .. 

. 1*005697 

*44-6 ... 

•999938 

104*0 .. 

. 1*007531 

4G-4 ... 

•999986 

113*0 .. 

. 1*009541 

48*2 ... 

] *000048 

122*0 .. 

. 1*011766 

50*0 ... 

V00012A 

131*0 

. 1*014100 

51-8 ... 

1*0002 J 3 

140*0 .. 

. 1*016590 

53-0 ... 

1*000314 

149*0 .. 

. 1*019302 

55*4 ... 

b000429 

158 0 .. 

. 1*022246 

57*2 ... 

1*000556 

167 0 .. 

. 1*025440 

59*0 ... 

1*000695 

176*0 .. 

. 1*028581 

60*8 ... 

1*000846 

185*0 .. 

. 1*031894 

82*6 ... 

]-(M)1010 

194*0 .. 

. 1*035397 

64*4 

1*001184 

203*0 .. 

. 1*039094 

06*2 ... 

1*001370 

212*0 .. 

. 1*042986 

68*0 ... 

1*001567 




This peculiar behavior of water is not only interest- ; 
ing as a curious deviation of a natural law, but because 
it serves purposes of the highest importance in the j 
economy of Nature. The hardest rocks are split | 
asunder by the freezing and expansion of the water I 
which penetrates their fissures, soils are disintegrated, 
and their hidden elements of nutrition presented in a 
state fit for absorption by the roots of plants. 

Wlien the groat body of water of the globe is cooled 
on the surface, the exposed portion, owing to its density 
being slightly increased, sinks, causing the warmer 
substratum to rise, to manifest the same behavior j 
when its temperature is lowered in like manner. Did I 
this circulation continue tOl the entire mass acquired 
a freezing temperature, it is evident that the whole | 
body of water would enter nearly at once into the solid ' ! 
state of ice, to the destruction of all living creatures j 
inhabiting it, to the destruction of oceanic commerce, | ; 
and of the communion of peoples separated by large j 
tracts of oceans and seas. Further, were such the order { j 
of the laws governing Nature, not only would the living j ! | 
inhabitants of waters inevitably perish, but those on \\ { 
the land would also be destroyed, in consequence of 
the insupportable cold that would be produced in the 
atmosphere, owing to another property which water, 
whether in the liquid or solid state possesses, oi com- 
bining with heat, and rendering it latent or inaensS^e, 

The warmest seasons would be of little avafl toeounter- 
aot such dire eflbcts, and the genu^ climate of tempei^te 
zones would be changed to a far worse condition than 
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the jrfgld te^oi^ of the North pole ! Providentially? 
hoyreyer, thi, progreo^ of the o^mg and consequent 
drqplaUon ih&ced Wfdot by cold is arrested when 
tho Yholo maBB reae]!^ A temperature of about 40®, 
that is, 0® above the i^iBezing point;, for at this limit, 
inateg^l of contracting and sinking it becomes B{)ecifi* 
cally lighter by ezpan^on, and therefore remains float* 
ing on the subjacent massu By a continued reduction 
of itB tomperature the surface will ultimately freeze, 
and fhe crust of i(^ may go on ttiickening; but it is 
inconceivable what cold coujd thus convert the entire 
mass into the solid form in this way. Hence, even 
in the perpetually frozen regions of the North, the 
water beneath the ice retains a heat of 40® — a tem- 
perature much higher than is experienced in this cli- 
mate often during Winter — and suited not only to 
marine animals, hut calculated, under the least favorable 
change, to aid in bringing about the normal state of 
things best suited to the wants of the great family of 
God’s creatures. 

From the preceding rornaiks, the cause of ice — 
solidified or crystallized water — floating in water will 
he readily understood. It has been shown that at the 
point of solidification the liquid has the same, if not a 
lessor density than at 40®; but, in parsing to the solid 
state, the gravity is much further reduced, as well by 
the arrangement wliioh its particles assume, as by tlie 
expulsion of the gases disftolved in the water, and whicli, 
before they can escape, are enveloped and compressed 
within the solid crystal. From both, and perhaps other 
conjoint causes, the density of ice at a temperature of 32^ 
is less than Uiat of water at 212®, and hence the former 
floats in tJio latter. At the normal degree at whlcb 
chemists are accustomed to compare the densities of 
bodies, namely 60°, and a barometric pressure of the 
atmosphere of thirty inches, pure water is taken as the 
standard of cora^mrison, and is expressed by unity, or 
1000 — compared to this ice has a density of 0‘916. 

Another circumstance which prevents the freezing of 
the waters of the oceans is the quantity of saline matters 
which they hold. Pespretz found that all such saline 
solutions have a point of maximum density, which is so 
far below 39*2° as the solution is richer in salt, and this 
point of maximum density is even below the freezing 
point of these solutions when agitated, although in a 
quiescent state they may be cooled below it without 
assuming the solid form. The following are the results 
of his researches on this subject, with solutions of 3 759 
parts of the uudermentionod compounds in one hundred 
of water: — 


Mftximum dAnnlty. 

FrooHnir prihit 

Potasna, 

. 21*80 . 

. . 28*22 

Carbonate of potassa, . .. 

. 24*89 . 

. . 26*22 

Sulphate of potas^a, .... 

. 27*90 . 

. . 28*24 

Carbonate of soda * 

. 19‘38 . 

.. 26*87 

Sulphate of soda, 

. 24*21 . 

. . 27*84 

Chloride of sodium, 

. 24^45 . 

. . 27*02 

Chloride of calcium, . , . 

. 26*9.5 . 

.. 26*95 

Dry fiulpbate of copper,.. 

. 30*89 . 

. . 29*63 


In considering the effects of heat upon water, a further 
insight into the beautiful provisions of Nature may be 
obtained. It has been stated in the preceding that 
water is the medium by which the great heat of warm 
climates is assuaged. Here it may be well to explain 
a little more fully how this is effected. Water, of all 


known Bub^ncea, has tlie greatest capacity for. hi^at 
— that is, its power of combining with, this impon^ 
derable, and exhibiting in a lees degree its«efi^ota m 
point of wanp^ than any other body. This property is 
possessed by it in its several forms of solid, liquid, and 
vapor or steam. If a given weight of ice, indioaiing a 
tempoTature of 32® be added to an equaljt>ulk of water 
at 135°^ and the ilfixtUTe be left at rest till the former is 
melted, the temperature of the mixture on being essayed 
will not be the nreau of the two degrees of heat — 83*6® 
— as might he anticipated, bqt it will he found at tlio 
same standard as that of the ice itself before its intro- 
duction to the hot water. Henoe it is evident that ice, 
or water, in passing from Iho"^ solid to the liquid state, 
renders latent as much sensible heat as would bring it 
to about half the temperature of boiling water, were it 
in the liquid state at 32°; or witliin 52° of boilmg'water, 
were it at the normal temperature of 60°. Heonault’s 
results on this subject are 142*6°, as the amount of heat 
rendered latent by water in passing from the solid to 
the liquid state. All this latent heat is evolved from 
the water in passing to the solid state of ice ; and thus 
does it beautifully servo to soften the ligor of tlic cold 
necessarily felt by those in polar climes. In its liquid 
state, between 32° and 212°, water manifests the same 
power of uniting with heat, and showing loss of its 
ofibets sensibly tlian any other body. For instance, 
when a pound weight of water at 100° is mixed with 
the same weight of itself, of olive oil, ^^id of mercury 
respectively, at 40°, it will he found that the tempera- 
tures of the resulting mixtures will not be the same ; 
the mixture of the waters will show the exact mean of 
their respective heats before mixing, that is 70°; but 
that of the water and oil will be 80°, and of the mci*cury 
and water will be 98°. ITonoo it will bo seen that the 
same quantity of heat whicli in the last iiistttnce pro- 
duced an eflbct of 2° on water, raised the same weight 
of mercury 58°; and that of 20° in the case of the mix- 
ture, water and oil, equalled an cflbct of 40° on the oil 
alone. The consequences of this capacity for heat are 
most important in retaining the temperature of bodies 
at a medium point, and its value to the human frame 
in liot climotes is almost incalculable; for when taken 
iutc^the system, or evaporated from the parched and 
inflamed skin of the inhabitants of dry and arid coun- 
tries, it reduces the heat of the system more tlian the 
same weight of any given substance. 

When water is evaporated, the caloric which is thus 
carried off, and with as little sensible effect as that 
absorbed by the ice during its transition from solid to 
a liquid, is very great. Water may be boiled in a 
vessel, and although heat is transmitted to it, during 
the period of its evaporation, in n continuous stream, 
yet the heat of the liquid does not rise beyond 212°, 
nor does the vapor exceed the sainef» necessarily;, 
therefore, the whole of the caloric absorbed must be 
rendered latent in the vapor formed. This may bo 
proved to be the case by transmitting a given weight 
of the vapor of water-steam — at 212° into a mea- 
sured bulk or weight of watier at any degree, such for 
instanoe as 32° or 60®, and noting the effect. In this 
way it has been found by Dulono to contain as much 
as 977*4® of latent heat, which, added to its sensible 
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caloric, 180®— the differeucjo between 82° and 212°— 
gives a total of 1157 degrees, or tmits of heat, i>os8essed 
by every unit of water in tbs form of steam at 212°, 
Without dwelling upon the importance in an induBtrial 
point of view of this property which water possesses of 
combihiBg with heat on assuming the gaseous form, and 
parting \rith the same wherever this vapor is trans- 
mitted to and condensed, or on the power which an 
accumulation of the vapor at its normal temperature, 
or at a higher heat, exercises in the tboiisanda of varied 
forma in whioh steam is employed in connection with 
mechanism and industrial works of arts and manufac- 
tures — it will be well to cite this property in further 
proof of tlio profound beauty of the conception which, 
as stated in the introduction, has ordained this to be 
the medium of modifying the rigor of seasons and the 
influence of the geographical position of lands. Thus the 
water which is evaporated within tlio tropics, and wliich 
takes up with it an amount of heat corresponding to 
1100°, convoys this heat towards the frigid zones, where, 
on being condensed cither into rain, hail, or snow, it is 
given out to the air and surrounding objects, and thereby 
greatly contributes to the mildness and habitableneas of 
those parts. Water evaporates not only at 212°, but at 
all intermediate temperatures between this and its freez- 
ing point ; and even when* in the state of ice, it has been 
ascertained that it gives off a very rarefied steam. In 
all these cases the quantity of heat whicli it renders 
latent incroasoB with the degree of rarefaction, so that 
the same weight of steam, or watery vapor, produced 
at G0°, contains much more insensible heat than when 
generated at the boiling point of water. 

The chemical relations of water are likewise of the 
utmost importance. In solvent power, that is, its power 
of overcoming the cohesion of particles of matter, it has 
no equal; and this force is exercised in reference 
to gases and liquids, as well as solid bodies; only 
that in the case of gases, instead of overcoming 
the cohesive force of the subBtanco, the reverse 
is the efleet, for it is the repulsive force or their 
expansion that is, so to speak, neutralized. To this 
j)henomenon of destroying the repulsive force of the 
particles of gases, and the cohesive in solids or 
liquids, the term solution is applied; and, as is well 
known, it can in some cases bo effected by heat, 
although in these the change is properly designated 
fusion. Water does not manifest the same behavior, 
however, with all solids, liquids, and gases, so that it 
appears the particles of the body capable of being 
affected in this, way, must have a peculiar state 
of molecular aggregation which holds them together 
with a force inferior to that which water exerts upon 
them. There are therefore a numerous class of sub- 
stances that are not affected at all under ordinary 
circumstances, and others to a very unequal degree, by 
water in this respect. For instance, a piece of rock 
crystal, calcareous spar, or glass, will remain in water 
a length of time without undergoing any change; but a 
crystal of sugar-candy, alum, or carbonate of soda, will 
be found to disintegrato readily, and disappear in the 
liquid. The former ore said to be inBolvhUj and the 
latter tolnhk substances, in reference to water. Of 
those whioh are soluble in» water, the quantity of thorn 
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which the liquid is papable 6f Uombinli^g vritb, till the 
equilibrium of the bohesioh of the Bubstwiiba dis^ 
is attained— in Other words, the poini ©f 
the liquid with such a compound, is ^ry vat^Ucr 
though almost in all cases more or leas ijicreased by 
heat. This may be readily proved by adding 
weights of water, sugar, salt, or chloride of sodium and 
gypsum, exposing as great an extent of these ds poa^ 
sible to the water by stirring the mixture, and then 
permitting to rest a while. If the solntiotis, say one 
pound of each, be evaporated, and the dry residue 
weighed, it will be found that the saccharine matter 
will weigh about twelve ounces, the saline residue 
about five and a quarter ounces, and the calcareous not 
more than fourteen or fifteen grains^ Again, difference 
of temperature affects tho solvent power of water, 
increasing it — except in few instances, such as when 
common salt and gypsum are the subjects, and which 
are nearly equally soluble in cold and hot water — with 
each additional degree of heat communicated to tho 
liquid up to 212°; thus nitrate of potassa is dissolved 
in watey at 67° to the extent of one-fourth, at 92° to 
tliat of one half, at 131° to an equal weight, and at 
212° to tlio extent of twice the weight of llic water 
employed. When the solutions made at the higher 
temperatures, however, are allowed to cool, the particles 
of the solids, over and above \jbat is taken up at the 
normal degree, regain their cohesive force, and separate 
in the form of crystaJliiio bodies. These reactions are 
of particular importance in a chemical point of view, 
as they otter a simple and ready means of separation 
and purification of many substances in various branches 
of manufacturing industry, the principles of which are 
governed by chemical laws. Another phenomenon 
connected with the solution of solids in water is, that 
in several instances a reduction of temperature takes 
place; while in other cases heat is evolved, Gay^ 
LussAC has explained this anomaly. Ho found that 
when simple solution was effected of a salt, whether in 
a hydrated or anhydrous state, cold, or a reduction of 
the temperature of tho liquid, resulted ; but when che- 
mical combination took place between the substance 
and the solvent, as, for instance, in the production of a 
definite hydrate, a rise of temperature is experienced. 
In tlie former case the salt, in passing from the solid to 
the liquid form, renders a quantity of heat greater or 
less according to its capacity for this imponderable, 
latent, and which is abstracted from the sensible tem- 
perature of the water ; whilst in the latter the chemical 
force exerted in the aot of combinaticn develops an 
nraoimt of caloric whioh is greater than that of the 
latent heat of tlio body, and hence the rise of tempera- 
ture. Tho simple experiment of dissolving nitrate of 
potassa or chloride of ammonium in water will, with 
the aid of an ordinary thennometer, illustrate the truth 
laid down to the rea^r as regards the cold produced; 
and of hydrate or caustic potassa or sulphuric acid in 
reference to the heat developed. This reaction affords 
a ready means of distinguishing between chemical com- 
binations with, and eim|fle solution of a substance in 
water. In all these cases, however, with tlje exception 
of simple combiuatioxi, water effects no change in the 
substance, so tliat by evaporation of tho liquid, 1 he solid 
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matter may be again obtained, pOBscssing the properties 
peculiar to it before solution^ There are a few instances, 
however, in which wAter does not retain this neutral 
character; for with some of the salts of bismuth, anti- 
mony, and ilU) its addition produces a decompo^tion, 
caiiSihg a liberation of the radical or add of such, 
wbfle, itself in part undergoes decomposition. The 
reader will find these examples of decomposition illus- 
trated under the respective metallic salts referred to. 

To enter into the behavio^ of water with the alco- 
hols, ethers, oils, resins, and other matters, would 
prolong the subject beyond prescribed limits ; suffice it 
to say, that when alcohols partake of the nature of oils, 
they are not at all soluble in it ; neither are ethers and 
oils, in the ordinary acceptation, dissolved by water ; 
nor are the resins. Alcohol — ^that resulling from the 
fermentation of saccharine matters — -is soluble in it 
in all proportions, although ether, the derivative of this 
body, and differing from it only by the elements of one 
equivalent of water, is almost insoluble in the liquid. 

Behamor of Water with Gases, — Not only has water 
the property of liquefying a great number of solid bodies, 
but it exercises the same function with respect to many 
gases ; a property that is of very great importance iu 
tlie economy of nature in many instances. 

To convey an adequate conception of the solvent 
power of water for gases, it may be stated that one 
hundred cubic feet, or six hundred and twenty-five 
gallons of water, at 60® and a barometiio pressure of 
thirty inches, will dissolve of— 


Hydrochloric acid ..... 

. . . 50000*0 cubic feet. 

Ammonia, 

. . 6;ooo-o 

4t 

Sulphurous acid, 

.. 6000*0 

H 

Bulphurido of hydroKon*. . , 

. . 800-0 

4i 

Chloriue,. 

. , 200-0 

ii 

Carbonic acid 

. . 100-0 

it 

Carbonic oxide, 

6-C 

il 

Binoxide of nitrogen, 

6-0 

U 

Oxygen 

.. 4-G 


Nitrogen, 

2-ri 

11 


Water which has been much exposed to the air, such 
as rain water, absorbs two and a half parts of that com- 
pound ; and what is so curious regar^ng it is, that the 
amount of oxygen in such, instead of being only twenty- 
one per cent., as in the atmosphere, was found to bo so 
high os 34*8 per cent, by Gay-Lusbac and Humbolut. 
Boussingault found that at an elevation of six to 
eight thousand feet, water absorbs not more than one 
third of the volume of air wliioh it liquefies on the plain ; 
which behavior has been cited as the cause of fishes 
not being found in the Alpine lakes situated at com- 
paratively high altitudes ; the small amount of oxygen 
in the soluble stale in the water being thought in- 
sufficient to support the respiration of those cetaceous 
animals. 

Many naturt J waters contain considerablo quantities 
of nitrogen. Playfair estimated that the famous 
Buxton water, as it issues from tho rq)ring, is in com- 
bination with nearly three-fourths of its volume of 
nitrogen— as Will be lieroafter more discussed under its 
analyi^. With so unnatural a phenomenon, the ques-r 
tion, Whence does H come? at once intrudes itself. 
That It is assimilated from the air is impossible ; and 
it ie hardly concdvable that the 'mtet in passing through 


the calcareous strata of the district ^uld meet With 
or take up such quantities of nitiio acid and ammonia 
as would, by their mutual decomposition in some eucii 
manner as the following— 

3 NOfi + 6 NUa= 15 HO +8N, 

give rise to the foromentioned volume of gas. 

Before entering* upon the consideration of natural 
waters with respect to their hygienic qualities, et cetera, 
it may be stated that pure water at 62® and thirty inches 
barometric pressure, is taken for the standard to which 
the relative density of aU other solids and liquids is 
compared ; just as air is adopted as tho standard for 
moamiring die "gravity ot gascp, both being assumed 
unity, or 1000. At the above degree of heat and 
pressure, one hundred cubic inches of it weigh 252*45 
grains; consequently the imperial gallon weighs 70*000 
grains, or ten pounds avoirdupois. It is eight hundred 
and fifteen times lieavier tlian air, and one thousand 
throe liundred and four times the weight of an equal 
bulk of its densest vapor, steam, generated at 212'’. 
Its composition is represented as being one equivalent 
of hydrogen and one of oxygen — HO — and it has been 


found to conUiin — 

At, wcljflit. 

CcotPfilmally. 

1 Eq. hydrogen, 


Ill 

1 Kq. oxygon, 

8 

88-7 


9 

100*0 


Natural Water. — By this term is understood tho 
ordinary liquid which serves the purposes of every-day 
life, whether its source be the rain, hail, or snow, which 
falls from tho atmosphere ; the drainings of Uio surface 
of the country, accumulated in lakes or rivers ; well, or 
natural springs, through which the liquid permeating 
the porous strata of tho earth at one place, finds 
an outlet or lower hydroetalic level at another; and 
sea or salt water. For the sake of clearness in tho 
details which the Editor intend? to lay before the reader 
on this subject, its consideration will be made in the 
following order, namely, rain, surface — including lakes 
and rivers — and spring or well waters, all embraced 
under the class Fresh Water; and Sea Water, or such 
waters as contain an abnormal quantity of foreign 
iugredientB, and arc therefore unfit for tlie more general 
uses to whicli this liquid is applied. 

Fresh Waters. — Rain other Waters imme- 

diately det'ived from the Atmo^here, — ^As already 
stated, there is a continual evaporation of water taking 
place from the surface of the land and sea, which is 
greater in warm latitudes, and lessor in the parallels 
approaching the frigid zones and the poles of tlie 
earth. This evaporation is dependent, in the first 
instance, on tliat curious property of gases, discovered 
by Dalton, by which a space filled with one kind of 
vapor or gas, offers as little obsti'uctiou to the dilfuslou 
of another vajior or gas, in the same space, as if it were 
already a vacuum; and in the second, upon the tem- 
perature. Some other conditions likewise affect the 
evaporation of water spontaneously, such as the quan- 
tity of moisture already contained in the atmosphere, 
the force and direction of the winds, et cetcfa, which 
need not be followed. Whilst tho heat at vluch it 
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was converted into an elastic vapor roxnains the samO) 
watery vapor is quite as invisible as the air; but on 
sudden changes of tomperature, occasioued by being 
brought into contact with a colder body of air, or 
any cooling surface, then the moisture is first con- 
densed into very minute drops, forming clouds, and 
these drops continue to aggregate among tbomeelvcs 
till their gravity becomes greater than tte air, and 
they fall to the earth as refreshing rain. The tlieory 
of Hutton, with respect to rain being produced by 
the mixing of opposite currents of air at ditforent tem- 
peratures, though true to some extent, appears to be 
inadequate to produce the amount of rain which the 
numerous metor'eological observatioils so generally 
matle during lato years have registered ; and it is 
therefore supposed that more rain is formed in close 
proximity to the earth, than in the higher regions of 
tho air. The experiments of Professor JT Phillips 
corroborate this in an extraordinary manner. He 
found that the fall of rain on tho — 

Top of Yorlc Minster, *242 feet was 15*910 inches. 

Uoof of MuHeum, 7S “ 20*401 

Surface of ground, 0 ‘‘ 24*401 “ 

That all tho rain of those latitudes could not be pro- 
duced on Dr. Hutton’s principle, may be readily con- 
ceived by considcriiig the circumstances a little in 
detail. Tho tension of tho vapor of water at 69® 
equals 0*6000 of an inch of mercury, and at 41® 0*2573; 
now, if equal bulks of air at these temperatures, satu- 
rated with water, commingle, the mean tomporaturo of 
50® will be attained, at which tho tension of the aqueous 
vapor is 0*3G08, the diUbrcnce botwocn which and 
0*3786, the moan of the tensions above indicated, tliat 
is, 0*0178, represents the tensipn of the amoimt of 
water that would be condensed from the state of vapor. 
This quantity is very inconsiderable compared with 
that roBiilting from atmospheric changes which take 
j)lace on or near tho earth, as may be seen from 
the following example, quoted from GuAnAM, The 
mean temperature of January in this country is 
about 34®, but with a South-west wind tlio ther- 
mometer may bo observed to rise gradxially in the 
course of forty-eight hours to 64®; now, supposing 
such wind to be saturated with aqueous vapor, and 
that in traversing over the surface of the land it is 
cooled to 34®, tho amount of moisture which it must 
deposit will bo very considerable, as appears by the 
ibllowing — 

TePKion of vapor at 54" equal to 0*420 inchoa mercury. 

Do. do. 34" “ 0*214 “ 

Difference condensed as rain, 215 " 

Invariably there is the greatest average fall of roia 
near the equator ; it diminishes towards Die polea,^ 
the latitude is higher. Tho average anx^) 
rain at — v-"' '■ 

New Granada, 12^ 0' N is 126 inches. 

Oalculta, 19“4C'N 81 » 

Borne, ........ 1 39 ** ^ 

Knglond, average 31 “ ^ 

London,, 23 

IS “ 

ISi “ 

Snow and hail is a fom of rain, in which the water 
is frosien before it reaches the eafth ; jthe toaer reeulte 
from the formation of clouds at tempemtereBb^ew^^i 
wherein the minute drops are crystallized into au ^ 
finity of spiculee, vdiich arrange themselves i^to r^lar 
lines and figures, diveiging from one another at angles 
of 60® and 120®. They ore all referable, however, to 
the hexagonal and prism shape, though the details differ 
in almost every storm. 

Hall i^ supposed to be formed in warm weather, 
when the sun is above the horizon, and under difierent 
circumstances to those calculated to produce snow. 

It is supposed to be produced in the amnding current 
of greatly rarefied air, by the cold consequent on such 
rarefaction, the force of the upward current being such 
as to carry with it the minute solid globule, till, by 
uniting with others, it attains a density that causes it 
to descend. Generally, this phenomenon of the pro- 
duction of bail is associated with a peculiar electrical 
state of the atmospberei to which it must be princi- 
pally atti'ibuted. 

TElain, as it descends from the clouds, is contami- 
nated with various gases and vapors which it dissolves 
from the air. The atmosphei^, normally composed of 
oxygen and nitrogen, contains vast quantities of am- 
monia, carbonic, nitrous, and nitric acids, besides other 
gases and vapors which arise ^ from the number of 
chemical phenomena which are ever taking place on 
the surface of the earth. Tho principal of the ahnar- 
mal gases is carbonic add — ^a gas which escapes in 
enormous quantities from volcanic districts, and which 
rtisults also from respiration, from tlio combustion ol 
fuel, and decay of organic matter and vegetal growth 
generally, on Die surface of Die earth. Though analysis 
detects only about one thousandth of this gas in tbo 
air, still when the total bulk of the latter is taken into 
consideration, the entire weight of carbonic acid dis- 
seminated in it is enormous, averaging more than^/2t?6 
billions of tons! The air likewise conhiins much 
amtmnia and vapors of the oxides of nitrogen, besides 
oDier unknown gases and vapors, which escape from 
decomposing animal and vegetal matter. 

All the gjises which have been detected in atmo- 
spheric air are exceedingly soluble in water ; hence it 
follows, Diat rain-w*ator, as it descends through tho 
lower strata of the air, must become to a great extent 
impregnated wiDi Diese gases. Liebig has shown that 
even snow contains much ammonia, and recenDy in 
some rain-water, collected on Brighton Downs, Medlock 
detected this gas, and also traces of tho acids of nitrogen, 
which had probably resulted from the oxidation of a 
portion of the volatile alkali. It is, Dierefore, evident 
that water as it falls from Die clouds, wheDier in Die 
form of snow or rain, is not absolutely pure, but contains 
much carbonic acid and ammonia. Probably Daces of 
oDier gases, wluch have hitherto dudod detection, are 
likewise present. Not only is ammonia preaent in 
snow and in rain, but Hobsfokd even detected it 
in largo quantities in the ice from the Glacier de 
Boisson, at a height of twelve thousand feet aboi^Ae 
level of the sea; and Medlock has found uipp|id 
quantities pf this volatile alkali in the purest 
transparent masses of ice from Die Wenliam liWie in 
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America. The prcsefiice of ammonia in rain-water has 
not long been ^own; and it ie one of the main cauees 
of Ihe fiesh ah^ invigoratli^ fafluenco of it upon the 
vegetal oreatLon» 

Surface Rain-^ater is a very powerful 

solvent of certain ingredients of the soil, such as sul- 
phate of lime^ chloride of Bodittm, and magnesian salts j 
l)Ut when saturated with carbonic acid, as is ordinarily 
the case, its solvent properties are remarkably increased. 
For oiample, ordinary water, free from carbonic acid, 
will not dissolve more than a grain of chalk per gallon; 
but when saturated with that gas, the same quantity ; 
will dissolve upwards of two hundred grains. In 
like manner it is found that carbonate of magnesia, 
which is almost entirely insoluble in ordinary water,' 
will dissolve in water impregnated with carbonic acid 
in very considerable quantity. ITonco, in addition to 
the alkaline chlorides and sulphates, and sulphate 
of lime, nearly all spring-waters are found to contain 
carbonates of lime and magnesia, which are held in 
solution as bicarbonates by the carbonic acid derived 
from tlie soil and atmosphere. Certain of the mineral 
constituents impart to \15ateT its hardncBS. These arc 
the salts of lime and magnesia. By the hardness of a 
water is understood the powor it possesses of decom- 
posing Soap; and according to the quantity of soap 
decomposed by a given quantity of water before the 
remaining soap becomes available as a detergent, so is 
its relative hardness. Tlie sulphates, chlorides, and 
nitrates of lime and magnesia give to the water the 
80-callcd permanent hai’dncss, while the carbonates, 
which are held in solution by excess of carbonic acid, 
impart to it its temporary hardness, or tliat wldch it 
loses by boiling. 

The waters of rivers, from 'which the greater number of 
English cities and towns obtain their supplies, contain the 
above-named mineral constituents in quantities varying 
according to tlie composition of the soil over wdiich they 
flow. In llic water of streams which have their soui'ces 
in the primitive rock fonnations, as, for instance, tlie 
rivers Dee and Don, there is found only from two to, 
eight grains of mineral constituents per gallon. The 
water of the Trent, which flows through a selenitic dis- 
trict, contains about sixty grains of sulphate of lime; 
while in the W’atcr of the Thames, which is derived from, 
and flows over a chalk formation, there are only about 
three grains of sulphate, and from eight to ton grains 
of carbonate of lime per gallon. For tlie sake of com- 
parison, and in illustration of the above statement, the 
analyses of the Thames, Trent, Deo, and Don are 
given 

Thiutios Tront I)eo l>nu 

WAter, wntcr. water. water, 


Carbonate of Ume,.... 10*S0 .. 0.32 .. 0*85 .. 2-23 

Sulphate of limo, 3^00 .. 21’56 .. 0*12 .. 0*18 

Nitrate of lime, 0*17 .. — .. — .. 

Carbonate of magneeia, 1*25 .. 5*C6 .. 0*86 .. 1*07 

Chloride of sodium,... 1*80 .. 17-63 .. 0-72 1*26 

SfUca, 0*fi6 . . 0*72 . . 0*14 . . 0*52 

Iron, alumina. ....... 0*27 . . 0*50 . . 0*06 . . 0*27 

l*hospate of lime, .trace trace trace .. 

Organic matter, 2*36 .. 3*68 .. 1*64 .. 3*06^ 

Um 50*08 3*89 8*54 

Hardness, .14,00 ^60 1*50 8*00 


Prom the preceding analyses it is evident tliat the 
proportions of mineral constituents are, in a great mea- 
sure, dependent upon tlie nature of the soil ovto which 
the water flows. Although tlie opinions of chemists 
differ widely regarding tlio hygienic effects of an 
occess of the mineral constituents in water, the Editor 
is inclined .to believe — and this opinion almost uni- 
versally provails-“tliat so long as the proportion does 
not exceed thirty grains per gallon, they are decidedly 
more beneficial than injurious. Tlie sense of taste is 
perhaps the best guide; and so long as preference is 
given to a water containing mineral matter to such as 
are almost entirely free therefrom, it may bo nssumed 
tliat such waters'^afe the best for general purposes. 

Those remarks apply equally to the waters derived 
from wells. Indeed, in all the water supplied for man’s 
uSe there are found the above-mentioned mineral con- 
stituents. Aro they there for no puiposo? Would 
Nature contaminate water with constituents injurious 
to health? Itjias been already mentioned that such 
waters as contain a certain proportion of mineral con- 
Btitiients, aro much more rcfrcBliing and agreeable to 
the taste than those in which they are absent. The f 
remarkable investigations of modem clicmisls have j 
shoAvn incontestably that a certain proportion of mineral 
elements in food is absolutely necessary for the due 
peiformanco of the vital functions. In milk, man’s 
natural food, th(U*e are all the elements m'ecssar}'^ for 
the formation of the hotly — phosphate of lime for the 
formation of bone ; salts of soda to aid in the formation 
of the gastric juice, and to give fluidity to the blood ; 
Casein to form the flesh ; and butter to produce fat. In 
all the cereal grains and in the vegetals which consti- 
tute the chief food of graminivorous animals and of man, 
there aro found the same minewil constituents which 
occur in water — man's natural drink. Who, then, can 
deny the value of mineral constituents in the water 
of wells and rivers ? When in very large excess, as 
in the shallow well-waters of London — an exception to 
the rule— -they may, perhaps, tend in some measure 
to derange the digestive organs of delicate persons, 
especially of those who have been accustomed to the 
use of softer water — that is, such as contains less oartliy 
salts — for dietetic purposes; but in most cases in 
which hard waters are found to disagree, the objection- 
able effects may, in all probability, be ascribed with 
greater tnith to organic impurities than to the actual 
mineral constituents. Having thus briefly alluded to 
the physiological effects of the mineral constituents 
of water, it becomes necessary to enter more fully 
into tlie nature of the more abnormal orgamc con- 
taminations to which the water of wells and rivers is 
exposed, since on these is essentially dependent the 
hygienic character of the water^its fitness for domestic 
purfioses. 

Nature of the Organic Matter contained in 
Water. — All river and well waters contain more or 
less of organic matter, which is acknowledged to be a 
predisposing cause of disease. The separation of these 
impurities from water is a problem of high scientifio 
interest, and one tliat has engaged the attention of aU 
the eminent chemists of the day. 

The great import^Tnee of this subject in a sanitary 



point of view ronderB it neoossary to outer into detail 
regarding it,* — 

1. The sonroe of oiganic matter* 

2* The nature of tiie decomposition it undeigoes, 

3. The means of destroying the organic matter and 
rendering the water pure and wholesome, 

1. THe Source of Organio river ia tlie 

natural drain of the country and towns through which 
it flows, and the oiganio matter the water contains 
must necessariJy be derived from the three following 
principal sources:-^ 

From the sewage of towns ; from the surface drain- 
age of manured and cultivated lands ; and from the 
decay of tho aquatic plants and animals which inhabit 
the streams. 

The sewage of towns consists mainly of the urine 
and faeces of man and animals, the refuse of gas-works 
and numerous manufactories, which are diluted with 
tho refuse water which has been used for domestic and 
manufacturing purposes. The Thames, which may be 
taken as a typo of other rivers, before it reaches London 
drains an area of four thousand square miles, and 
receives in its course the sewage of towns containing 
upwards of seven hundred thousand inhabitants. It 
flows, moreover, through a richly cultivated country, 
from wliicli it derives vast quantities of organic matter. 
It is further contaminated with the products resulting 
from tho decomposition of a(iuatic plants and animals. 
Hence it is obvious that tho water of tho Thames, 
even before it reaches Toddington lock, must bo most 
seriously contaminated with putrefactive organic mat- 
ter. That much of tho organic matter which enters 
tho river is spontaneously decomposed is undoubted, 
otherwise the river would bo little better than a filthy 
sewer ; but that a vast quantity remains in solution in 
the water as now supplied to tho inhabitants of Loudon, 
is equally a demonstrable fact, as will bo soon by tho 
an.al^Tscs and experiments detailed in the following 
pages. 

Most, and indeed all tho com])auioR who take their 
supply from the Thames, filter tho Avatcr through sand 
and shingle previously to pumping it into the mains. 
By this moans most of what exists in it in tb(i form 
of undissulved or mechmiically suspended particles is 
removed, and the water is oonseciuently to somo extent 
improved in ap[)earance. But tlio greater part of the 
organic matter is dissolved in tlio water, and is not 
separated by mere filtration. That much organic 
matter exists in the present supply is evident from the 
decided color which tho water possesses. This is also 
the case with tho Pike water at present supplied to 
Liverpool. 

If a tall tumbler be filled with any of the water now 
supplied to London, Liverpool, Manchester, and other 
towns, and placed on a sheet of white paper, tho water 
will be seen to possess a yellowish or brownish tinge, 
occasioned by the organic rnatter which is held in solu^ 
Urn, Tho removal of this organic matter, which is 
doubtless a fertile source of disease in those who daily 
drink it, is a problem of the highest interest to solve, 
and one to which MiiiDtoCK has devoted several years 
in tho ho})e of its elucidation. Accident in some mea- 
sure led him to follow out an inquiry into this subject, 


which promised to lead to most important pestilte> 
the l^itot dews the ciroutnofapmoes which wiggMOd 
this lnve8%ation Worthy of being recoriSed; 
as the results arrived at by accurately couducied 
exporimeuts are not only of high scientido Ihte^ 
in themselves, but^ practically applied, are of great 
hygienic and national importance. 

In September, 1856, he was requested by the direc- 
tors of the Amsterdam Water Company to analyse 
several samples of water from the city of Amsterdam. 
Complaints had been made of the water by several of 
the inhabitants. It t^oBsessed a peculiar fitkdike smell ; 
and although perfectly transparent and colorless, and 
free from tho slightest chalybeate taste, it was found, 
after standing some time, to deposit a reddish-brown 
sediment, which coated every vessel in which the water 
was placed. 

The service-pipes being of iron, the deposit was 
assumed to consist of the sesquioxide, resulting either 
from the decomposition of a protosalt of iron in solu- 
tion, or 'from the attrition of the iron pipes through 
which the water was conveyed. 

It may be observed that Amsterdam is supplied with 
water from Dunes — sand-hills— in the neighborhood 
of Haarlem, Trenches, five miles in length, have been 
dug on tho sides of tho hills, to intercept the rainfall. 
Tho water is conveyed to a l^rge reservoir, whence 
it flows to the filtorheds at the works, and is there fil- 
tered through four feet of filtering medium, consisting 
of pebbles, shells, and fine sand. After filtration it is 
pumped up an iron standpipe one hundred and fifty 
feet high, and convoyed thence by iron mains to Am- 
sterdam, a distance of eighteen miles. 

Five samples of the water were sent for analysis — ^ 
one from tho works before the water came in contact 
urith iron\ the other four from various standpipes in 
the city. 

In tho water from the works, before it came into 
contact with iron, tho quantity of iron oxide, olmnina, 
and phosphates amounted to 0*95 grain per gallon. 
In tho analysis of the four other samples, after passing 
through eighteen miles of iron pipes, the quantities 
were reduced in the several determinations to 0*09, 
0*07, and 0-07 grain, and in the fourth sample to an 
unwoighable trace. Thus, instead of taking up an 
additional quantity of iron oxide from the mains and 
service-pipes, the water was found actually to have 
lost nearly the whole of the iron which it previously 
held in solution ; but, notwithstanding tlio almost 
entire precipitation of the iron actually in solution in 
the water which had passed through iron pipes, it 
formed the objectionable red deposit on standing, while 
the water from the works, holding in solution nearly 
half a grain of iron oxide per gallon, formed no 
such deposit : therefore it was, d priori^ to be assumed 
that tho red deposit could not consist of oxide of 
iron, and consequently it appeared necessary to exa- 
mine this deposit very carefully both chemically and 
microscopically. Tho precipitate from ten gallons of 
water was collected in a porcelain capsnle, evaporated 
to dryness on a water-bath, and heated subsequently 
in an air-bath to 248^ Falir^, until it ceased to lose 
weight. On ignition, the precipitate charred and 
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waa almost antiroly consumed, leaving only a minute 
quantity of asb, consisting of silica, alumina, iron oxide, 
aii4 carbonates of lime and magnesia. 

Tbc small quantity of this deposit at command did 
not admit of a quantitative analysis. The deposit 
having been found to consist almost entirely of organic 
matter, a portion of it, which had been separated from 
one gallon of water, was examined under the micro- 
scope, and was seen to consist of tlie filaments of dead 
and decaying algse, confervas, and other microscopic 
plants in various stages of decay, and varying in color, 
like autumnal leaves, from green through pale-yellow, 
orange, red, brown, dark-brown to black. Many of 
the fibres retained a perfectly organized stnicture, and 
in some the spores, by which these plants are propa- 
gated, were distinctly visible. Amongst those planti 
remains wore numerous sUicious tubes, which had 
probably invested the delicate filaments of tho algae 
while living. 

It appeared highly important to determine tho catLsc 
of the precipitation of the organic matter from the 
water which had been in contact with tlio iron pipes \ 
and in the hope of elucidating this interesting question 
M£DL0C£ proceeded to Amsterdam to inspect the 
source of supply and the works. As anticipated, tho 
Dune canals were found to be actually choked up with 
aquatic plants, and at the sides and wherever tho cur- 
rent was sluggish were large masses of algm 
floating on the surface. The sand ^t the bottom, 
originally very white and pure, was blackened to some 
depth by decaying vegetal matter, and, when disturbed, 
numci'ous bubbles of fetid marsh gas escaped. 

Tlie water had the peculiar fish-like smell of the masses 
of Jkh — irdestirhalia — floating on tho surface. The 
stones on Hie sides of tho canals, the hurdles placed to 
keep up the banks, floating pieces of stick, and indeed 
* every solid body with which the water came in con- 
tact, were coated with a rcddisli-brown deposit, similar 
to that which was found to separate from the filtered 
water in Amsterdam, This deposit was observed to be ' 
particularly abundant near the iron sluice gates, A 
pipe from one of the mains in the city was examined 
at the same time, and found to be coated on tho 
inside with a thick slimy deposit of vegetal remains, 
which presented under the microscope an appear- 
ance exactly similar to tliat of the deposits above 
alluded to. 

Remembering the important fact established by 
ScfIbNnEiN, that copper and platinum in a finely 
divided slate have the property of converting ammonia 
into nitrous acid ; and Mtsdi^ocjk having demonstrated 
that lead in any form possesses a similar power — it 
oconired to him that if the same property were pos- 
sessed by iron, it would throw some light on the 
separation of the organic matters from waters which 
are placed in contact with that metal^ ScnbNBliUN, 
however, states that iron, before it produces a similar 
oxidizing efiect on the ammonia, requires to be heated 
to redness. But in tho course of an extensive senes of 
experimnts, it has been found that iron pyrophoros 
instantly transforms ammonia into nitrous acid; and in 
pursuing the inquiry further, it was found that strips of 
sheet iron placed in water jammonia or 


organic matter capable of yielding it, act almost as 
energetically as the metal in a finely-divided state* 
^ving proved that metals possess this remarkablo 
power of oxidizing ammonia, and converting it into 
nitrous acid, and, bearing in mind the e^ctraordinary 
oxidizing power of this acid, even when present in minute 
quantities, it appeared to Medlock that he had arrived 
at a simple and effectual means of depriving water of all 
organic impurities by tlius accelerating a natural process 
of decay. The facts Just mentioned appeared to merit 
a thorough investigation, and the results arrived at will 
sufficiently prove that he did not, in the first instance, 
attach too much importance to them. In order to 
study tlie action of iron upon the Amsterdam water, 
ho submitted to analysis a quantity of this water which 
had never been in contact with iron, and at the same 
time ho immersed several coils of iron wire in two 
gallons of the same water. The water in which tlie 
iron wire was placed was perfectly bright and froo from 
color, and had nothing visible in mecbaiiical suspension 
except a few of the siliceous tubes already alluded to. 
The experiment was made in four open glass bottles. 
A series of remarkable phenomena wore observed. In 
five minutes a faint white cloud was seen radiating from 
the coil of wire, and descending in the form of a 
parachute. In half an hour tho cloud had incrensed in 
density, and the water became opalescent. In six 
hours tho cloud assumed a brownish color, and there 
was a brown deposit at tlie liottom of each of the 
bottles. Tho cloud continuing to increase during forty- 
eight hours, assumed more and more a fiocculeiit 
character, and a reddish color, exactly like the deposit 
from tho water which had flowed through tlio iron 
pipes. The water was now filteved through fine 
Swedish filter- paper and submitteci to analysis, and a 
portion of tlie deposit examined under the microscope. 
l1io latter consisted of tho remains of algae, each 
separate flock having a siliceous tube as a nucleus. 
The remainder of tho deposit was burned, and the ash 
found to consist of oxide of iron, silica, and the car- 
bonate of lime and magnesia. 

The following are Hio analyses of tho water before 
and after being in contact with iron : — 


I. 

11. 

Same water. 

Water from 

bnvlng been in 

tbo Dime 

ChnUct with Iron 

eannie. 

ibftj -eiglit htuif*. 

fin. per gaL 

On per gal 

. . 3*70 . 

. . . 3*68 

.. 4*10 . 

... 4-01 

. . 6-60 . 

. . , 3-20 

.. a-y? . 

. . . 1*30 

,. 0*16 . 

. . . trace 

ea, O'Sa . 
-so 

. . . trace 

.. 2-10 , 

. . . trace 

20-68 . 

... 12-19 


By these analyses it is seen that tho 2*10 grains of 
organic matter contained in the water were decom- 
posed or thrown down hy contact with iron, Tho 
water, thus purified, no longer had tlie unpleasant 
fish-like taste and smell which had marked its previous 
cpniAinination. 

A portion of the water which had been in contact 
with the iron wire was rendered dightly alkaline hy 
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puro alcoholic potassa, evaporated to dt^efis^ and the 
residue tested for nitrous acid. The paper became 
instantly blue from tho libomtlon of a trace of the 
nitrous add formed by the oudatiDn of ammonia^ and 
which had been instrumental in destroying the organic 
matter. 

In tho residue of the water which had not been in 
contact with iron and still containing its organic mat- 
ter, no indication of nitrous Acid could be obtained. 

The Amsterdam Water, the water of the Thames, 
and indeed that of nearly all other rivers, contain much 
organic matter, which may bo divided into two classes 
— nitrogenous and non-nitrogenous. The latter, con- 
sisting of carbon, oxygen, and hydrogen, may be repre- 
sented by tho general formula-^ (C HO) ; and, when no 
* longer under the mysterious itifcencc of tho vital force, 
are rapidly resolved into carbonic acid and water. The 
nitrogenous class being chiefly of animal origin, and 
composed, in addition to the above-mentioned elements, 
of nitrogen, sulphur, and phosphorus, may be repre- 
sonied by tho general form ula — n (C H 0 N S P) , Now, 
when animal matter decays, and when dissolved in 
water, decomposition proceeds very rapidly; beside 
carbonic acid and water other and very offensive pro- 
ducts are eliminated, • As a general rule, the carbon 
unites with oxygon to form carbonic acid ; and with 
hydrogen, to form marsh gas or carbide of hydrogen ; 
hvdrogcn and oxygen unite to form water; nitrogen j 
arid oxygen with hydrogen to form ammonia; sulphur j 
with hydrogen to form sulphide of hydrogen ; phos- 
phorus with hydrogen to form phosphide of hydrogen. 

The latter two are exceedingly offensive to the sense 
of smell, and are, moreover, highly poisonous. Thus in 
tho spontaneous decomposition of tho organic matter 
contained in water there are produced carbonic acid, car- 
bide of hydrogen, ammonia, sulphide of hydrogen, and 
phosphide of liydrogen. These are the recognized com- 
pounds ; but when it is borne in mind tliat tJie gaseous 
emanations of decomposing animal matters are infinitely 
more offensive to tho sense of smell mid injurious to 
health than any of the gases above mentioned, or of 
any combination of them, it can only be concluded 
that the cfihivia of decaying organic matter contain 
other constituents, of which tho ti'ue character Jias not 
yet been determined. Thames water, if allowed to 
stand in an open vessel for a few days in warm 
weather, actpiivcs a very offensive odor, arising from 
tho decomposition of tho animal and vegetal matter 
which it holds in solution. 

This water, notwithstanding, is considered by mari- 
time authorities to be the very best for the use of ships’ 
companies. On board ship the water is stored in 
wooden casks, which arc placed low down in tho hold. 
Daring tho first week or fortnight, according to the 
teipperature of the atmosphere, the water ferments, 
evolves a quantity of gas of offensive odor, and deposits 
a copious brown aedirnent, Tho water gradually ceases 
to smell badly, becomes bright and sparkling, and will 
then keep fresh and sweet for an indefinite length of 
time. In other words, it loses by a natural process of 
decay, the whole of its futremmt mpmUes, In ves- 
sels of war, and In most of the largo steamers, tanks of 
iron have been substituted for casks of wood for storing 


the water becessary for the use of the pa^geiu and 
ship’s company. In iron tanks Thames water evolves 
no offmsxot gasesy but becomes much pbror them wtoi 
stored in wood, and deposits a more copious brown 
sediment, which turns red on exposure to the ak« The 
gases pranced in tho wooden casks ate said to bo 
slightly luminous in thd* daik, and to explode when a 
lighted candle is incautiously placed neat the bung- 
hole, when the plug is removed The luminosity is 
due to phosphide of hydrogen, and the explosive char- 
acter of the gases to carbide of hydrogen. 

As the organic matter was found to be so effectually 
removed by iron from the Amsterdam water, MedloCk 
instituted a series of experiments upon the water of 
the Thames. The water operated upon was that 6ui>- 
plied to his laboratory by the Grand Junction Company. 
On placing some of this in contact with iron in glass 
bottles, precisely similar phenomena were observed as 
in tho case of the Amsterdam water, but the deposit 
was hlacksTy and was formed more quickl 3 ^ Tho next 
step in tho investigation was to test the water before 
and after contact with iron for the great destroying 
agent, Nature’s Scavenger, nitrom acid. The resi- 
* dues of six separate gallons of the water were examined 
for nitrous acid as follows: — Each residue, mixed with 
half an ounce of water was iiiti'oduced into a Florence 
flask, fitted with a cork and lopg funnel tube. In the 
neck of each flask was placed a slip of bibulous paper, 
moistened with starch paste and iodide of potassium. 
Through each funnel tube was added half an ounce of 
dilute sulphuric acid, one part strong acid, and nine 
parts water, to liberate the nitrous acid, if present ; but 
no indication of that gas was found, as the test papers 
remained perfectly white. Six other gallons of water 
drawn at the same time, wore placed in open bottles, 
with two ounces of fine iron wire, and left for forty- 
I eight hours. The waters were then filtered from the 
deposits, evaporated to dr^mess, and tested for nitrous 
acid in a manner similar to the preceding, and with 
the following results: — 

Exporim^ut 1. — Paper becomes blue, in ten minutes. 

“ 2. — Paper becomes blue in five minutes. 

3. — Paper becomes blue in four minutes. 

As it appeared probable that tbo nitrous acid liberated 
by the sulphuric acid might remain in solution, and in 
consequence not instantly affect tho test-paper, in 
experiments with the residues of the other three gal- 
lons of tlio water hot water was used, and an acid of 
double strength. In each of these experiments tbo 
test-paper became blue in a few seconds. 

These results prove beyond a doubt the production 
of nitrous acid by the action of iron upon tho nitro- 
genous compound contained in the water. The Editor 
submitted masses of the Pike water to a similar ti'eat- 
ment, and found results thatconfinned in every respect 
those attained by MEDLbcx;. Why is not this plan of 
purification adopted by the Water Committee in 
Liveipool ? 

Examination op the beowk deposit i*RODU0iSD 
BY ‘Iron. — T ho brown deposits from three aoparato 
gallons of Thames water were collected in porcelain 
cmcihlos, and dried at 24B*, till they ceased to ]oi;o 
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WATER-t — ^O bganic ani> Metallic Impurities. 


I 


vfeigH. When tboroog^bly Oiled they weighed es 

»o, 1 . wo. m. 

4*485^ grainB. 4*'4B43 gmina. 4*4350 graiiw. 

They nfem then nefpftnttoly onalyeod with the follow* 
uLg melUi eei^e^meliy ' 



I. 

u. 

III. 

Organltt’mstter, ..... 

.22*92 

.... 24*87 

.... 23-87 

Be^quimiide of imn, . . 

..65*36 

63*20 

.... 64*39 

Carbonate of lime, . . . . 

.11*11 

.... 11-04 

.... 11*20 

Carbonate of magnesia 

traces 

trace 

.... — 

iSiliea,... 

. 0-59 

.... 0*49 

.... 0-53 

Lobh 

. 0*02 

.... 0*31 

.... 0*01 


100-00 

100.00 

100.00 


In order to arrive at a correct knowlecige of the action 
of iron upon Thames water, Medlock made a seiies 
of daily determinations of the m inoral residue and 
organic matter Jn the water supplied to his laboratory, 
with the following results:— 

SoIM roTlitiio. Or{fanS« mattur 


Oil por jfall'jD. Htg i>er gallon 

Jan. 4th, 1857, 20-H57 .... 2*248 

Jau. 5th, 1857 19-.573 .... 1-740 

Jan. 6th, 1857, 21*159 .... 1*424 

Jan. 7th, 1867, 20*127 .... 1*401 

Jan. 8th, 1 857, 21 *452 .... 3*249 

Jan. 9th, 1857, 20*374 .... 2-750 

Jan. 10th, 1867, . . . < 20*920 .... 3*062 


Average, *,..20*638 2*268 

At the same lime as the water was drawn for the 
last analysis, he placed three separate gallons in wide- 
mouthed bottles. 

Into the first gallon was put a coil of fine iron wire, 
weighing half an ounce. After standing two hours the 
water was filtered, and on being analysed in the usual 
way, gave — 

Solid residue,. 17-372 grains. 

Organic matter, 1*232 do. 

A second gallon with ono ounce of wire for two houi*H 
gave — 

BuHd residue, .16-603 grains. 

Organic matter,. 1-170 do. 

A tliird gallon with eight ounces of wire for two hours 
gave— 

Solid residue, 13*182 grains. 

Organic matter, 0*950 do. 

In other experiments, too numerous to detail, the 
water was exposed to the action of a larr/e mrface of 
iron from twelve to forty-eight hours ; and as a gene- 
ral result it was found that by allowing water to 
remain in contact with a large surface of iron for about 
twelve hours, every traco of organic impurity was 
destroyed, or converted from the soluble to an insoluble 
condition, in which state it admitted of being cfieC' i 
tunUy removed by ordinary filtration. 

After the preceding details on the nature of the 
organic impurities contained in ordinaiy well and river 
water, the offensive gaaes arising therefrom, and the 
functions of the numerous microscopic plants -and 
aniraalcula wluch are contained in them, it now remains 
to describe the means that Medlook; has adopted for 


placing the results of his discoveries at the senioe of 
the public, 

X^RAOTtcAL Application of the FOnBaomo 
Principles. — It has been proved by numerous 
trials with Thames water, sewago, and water artifi- 
cially contaminated by mixing therewith sulphide of 
hydrogen, sulphide of ammonium, and urine, that 
however impure a water may be, it can be rendered 
perfectly pure and wholesome to drink by merely 
allowing it to remain in contact with a largo surface oi 
metallic iron for twelve or twenty-four hours, and then 
filtering through well-washed sand; or, better still, 
tlirough a mixture of about one part animal charcoal 
and four parts sand. 

The plan above stated is applicable to the purification 
of the supply of wntJI^ to towns, as well as to small 
quantities for domestic and manufacturing purposes. 
To brewers, dyers, starchmukers, soda water and 
lemonade manufacturers, et ceiet'a, a supply of water 
free from color and organic impurities is an essential 
requisite ; and the Editor after long and careful study 
of the numerous processes recommended for puri- 
fying water, prefers tlie one above detailed, as being 
at once the most simple, easy, and effectual. 

The following tiible exhibits in round numbers the 
degrees of imjiurity in water, used for the supply of 
towns in England, Scotland, et cetera^ each degree 
being equal to ono grain per gallon — 


BiM ill Cid water, 0® 

Loch Katrine, 2*0 

Dee— Aberdeen, 4-0 

Tiiy— Penh, 

Dumfries, 7-0 

Gorbftlfl, 8*0 

Leveii, 8*5 

Clyde, 9 5 

Tyne — Newcastle, 11 *0 

Tweed — Coldstream, 11-5 

Seine — Paris, 12*0 

Liverpool well, purest, 13-0 

Glftsfjfow “ “ 1.5*0 

Kilmarnock, .... 15*0 

Thamee — 1854, 1 5*5 

“ —1851, 21*0 

Glasf!;ow well, most impure, 96-0 

Liverpool well, “ 417*0 


Disease occasioned by the Organic Impurities of 
iVater, — Dr. TIassat.l remarks— In proof that water 
liiglily charged with decomposing organic matter "fre- 
quently gives rise to severe and fatal diseases, often 
of an epidemic character, one is able to produce 
abundance of evidence. To occasion these effects, no 
doubt tlie organic matters, animal or vegetal, resolve 
themselves into carbide, sulphide, and phosphide of 
hydrogen, cyanides, ct cetera^ as well as other letluil 
products, and these disarrange the whole functions of 
the body. To enter more iniimtoly into this part of 
the subject would be out of place in a teclmological 
work. 

Disease occasioned by the Metallic Impurities in 
Waier» — ^Tho Editor has known most serious iiJnesscs 
to arise from water containing lead. Many hard as 
well as soft waters act injuriously upon lead, conse- 
quently, as a general rule, water should never be stored 
in eistcnis of this metal. Why use lead wbon ono can 
have slate cisterns and enaftnelled iron pipes? A 


Igentleman and his family residing in tiie neighborhood 
of Liverpool were constantly ill, but whenever they 
left home they recovered. The water was supposed 
to be the cause, and was tested fi'om time to time, and 
pronounced good. The amount 6{ lead was small, and 
had been overlooked — as is very often the case With 
inexpert analysts. On examination of several gallons 
of tlie water — it was a remarkably soft water — lead was 
detected. The Editor recommended slate cisterns and 
euaniclled iron pipes, and from that day to this all the 
ill otfeote of the water disappeared. 

Microscopic eicamination of Wa(ei \ — Most well and 
river waters, when allowed to* stand in an open vessel 
for several days, especially in warm weather, deposit a 
sedimont more or less copious, in which may occasionally 
be discovered, by 'means of a mlteroscope, a vast number 
of the lower forms of animal and vegetal life, which 
have been made the subject of special study by several 
able microscopists, and especially by Drs. Hass all and 
Lankkstkk. Much niisapjirehcnsion, however, appears 
to prevail regarding the extent to which these lower 
forms of organic life occur in water. In works treat- 
ing on this subject, it is usual to group a large number 
of these objects together in a circular drawing, which 
convoy the impression, and aro generally understood 
to represent the animaleiila contained in a single drop 
of water. Nothing, however, can be more erroneous, 
and nothing more calculated to convey false notions 
regarding the character of the water supplied to the 
public. 

Tt appears to bo a law of nature, that wherever the 
conditions of life exist, there life will manifest itself in 
forms suited to the circumsttinccs. If a portion of earth 
bo brought up from the clocpost mine, and exposed for 
some time to the combined influence of heat, light, and 
moisture, various forms of vegeUJ and animal life will 
appear, oven if the soil be entirely excluded from con- 
tact with the surroundiitg atmosphere. In the water 
of rivers contauiing animal and vegetal matter in a 
state of decay, are presented all the conditions of life; 
and hence tlie numberless fonns of the low'cr organi- 
sations which are met with. That these are injurious 
to health, no one can venture to aflirra ; but their 
presciuce may form, to some extent, an index of the 
quantity of putrefactive organic matter which may be 
present. In cases where it is necessary to examine a 
water microscopically, the following is the plan recom- 
mended by the Editor ; — 

Alwut a quart of the water to be examined should 
be placed in a conical glass vessel, very narrow at the 
bottom, in shape something like a tall champagne 
glass, and covered over with paper. After remaining 
at rest some hours, a slight deposit will generally be 
observed at the bottom ; and in this deposit will often 
be seen numerous small aniraalcnla moving about 
with wonderful rapidity ; these have been named by 
naturalists Cyclops quaidrkornis. They are particularly 
abundant during the summer in river waters contait^ 
ing much organic matter. Other Crustacea are also 
abundant, amongst which may be mentioned various 
species of Daphnia, which, by their number, often give 
a marked yellow color to vrater. Of radiate animals, 
the hydra and other forms of zoophytes are frequently 
VOL XI, 


present. The fresh water sponge--- 

(frequently occurs in great abundance. Humero^tts 
lower ibrma of the vegetal kingdom :^tea abound in 
liver waters, especially in those of siteatns. 

Those belong chiefly to families Confervaceaa, Oismidiem, 
Diatomaoem, and Ftmgi, Many of these lower organs 
isms are beautiful objects under the mioroscope, and 
well worthy of the attention of all lovera Of natnje. 
Space will not allow of any deUiled description of the 
almost numberless species found in water; they have 
been only briefly alluded to with the view df pointing 
out the fact, that when they occur in water used for 
dietetic purposes, ilmy must be regarded as a proof of 
the presence of dead and decaying organic matter, and 
must not bo looked upon as the only kind of conta- 
mination of the water. Their function appears to be 
to destroy the numerous organic matters which arc 
prosont. To examine well the deposit formed in the 
conical glass, the clear .water should be siphoned off, 
and a portion of the deposit placed in the flcld of tlie 
microscope — a quarter-inch glass is perhaps the best 
for such observations- 

Dr. Hass ALL examined several specimens of water, 
both upwards and downwards in the course of the river 
Thames from London, and tliey brought to light the 
singular and important fact tliat l^hames water, from 
Brentford in one ilirection to ^oolwich in an opposite. 


Fig. 6X8. 



swarms with living productions, principally of the genus 
Paramecium^ and of one species of this genus P. chry- 
salis of Ehrekberg. 

The engraving exhibits the principal animal and 
vegetal productions contained in the Thames water at 
Hichxnond, drawn with the camera loctda, and xnag- 
niflod two hundred and tvrenty diametera^ 
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WATER Color op— Chbmical rr-agents. 


Tho subjoined out exbibits ttie more remarkabk | 
veget^ and animal productions found in the water of 
the Thames at Watoloo Bridge* 



to add a few grains of powdered alum to it ; two or 
throe grains are usually sufficient for a quart of water. 
This process is called tdunage de Veau ; and AraOO 
states, that when practised on the Seine water, it causes 
the mud to agglomemte in long thick stri», which 
are rery quickly deposited. The theory of the pro- 
cess appears to be this: — The alum decomposes the 
bicarbonate of lime, and gives rise to the formation 
of sulphate of lime, which, with sulphate of potassa, 
remains in solution, while carbonic acid is evolved, 
and hydrate of alumina being precipitated in a 
flocculent form, carries with it various mechanical 
impurities. 

KOjSOs + AlgOj, 8SOa + 3{CaO,2COJ s= 


Blcariionato 
of limot 


+ KO,SO, + 3(CiiO, SOa) + AljOj 


Slilphute of 
potaaaa. 


Bulrbntc of 
lime. 


This method, then, is a kind of mechanico- chemical 
one. It clears the water, but at the same time alters 
its chemical composition, and by converting bicarbo- 
nate into sulphate of lime, augments tlie hardness of 
the water. 

Addition of Caxtstlc or CWlonated AUcallee . — 
Caustic alkalies, added to water holding in solution 
bicarbonate of lime, saturate the excess of carbonic 
acid, tlirow down carbonate of lime, and leave an 
alkaline carbonate in solution, ] f soda be the alkali 
used, the results will be as follow'S : — , 

CaO, 2C()a + NaO = NaO, CO* + CaO,CO* 


Col(yr of Water. --lu rivers the impurity of water 
is frequently visible to the eye. It is often of a red 
color, as it flows through rocks of red marl which 
contain much oxide of iron in their composition. It 
descends milky from the glaciers of Iceland and the 
slopes of the Andes, because of the white earth it holds 
in suspension. It is often grey or brown in the muddiest 
English rivers. It is always brown when it issues from 
boggy lakes, or runs across a peaty country, as at 
Itivington Pike. It is occasionally black to the eye 
wlicn the ajnount of vegetal matter is excessive, as in 
the Rio Negro of South America ; and it is green in the 
geysers of Iceland, in the Swiss lakes, among the 
islands of the South Sea, and around Great Britain and 
Ireland. Only in clear and deep water, like those of 
the Bay of Naples, and in parts of the Pacific, where 
minute objects may be seen on the bottom some hun- 
dreds of feet down, is the real blue color natural to 
water in large masses distinctly perceptible. This is 
the deep blue which is seen in the grotto azsfara of 
the island of Capri, in the Bay of Naples, and 4 d the 
deep indigo waters of some parts of the Mediterranean 
and Adriatic seas. — JohmUm, 

The Adi)itioi4 of Chemical Agents to Water. 
— ^This head includes several proposed methods of 
purifying water, which consist in the addition of certain 
chemical agents to this liquid, by whiclx its composition 
is altered. 

Addition of Alum.^ln England, as well as in 
France, a popular method of clearing muddy water is 


}li 'arbonato 
of Uiuo 


Carlwimte of 


If an alkaline carbonate be employ cd, all the earthy 
salts — calcareous and magnesian sulphates, chlorides, 
bicarbonatos, and carbonates of the earths — are pre- 
cipitated, while alkaline sulphates, cldorides, and bicar- 
bonates w'hich do not commimicate hardness to W’ator, 
are left in solution. If carbonate ot soda be employed, 
its reaction on sulphate of lime and chloride of magne- 
sium will be as follows : — 

CaO,SOa -f Mg Cl -f- 2(NaO,COa) = 


Bal]thntu of 
Ueuo. 


Chloride of 
magnettlum. 


NaO.KOi, + Nil Cl + CaO.CO, + MgO.CO, 

flulphAte Chloride of CarbonatO Carbonnta of 

of nioda. sudium, of liiae maipidMlA. 

Addition of Lime. — A few years ago, Profossor 
Clark of Aberdeen took out a patent for the purifica- 
tion of water. His process consists in tlie addition of 
caustic lime to water, by whiclx the bicarbonate of lime 
held in solution is decomposed ; the caustic lime satu- 
rates the excess of carbonic acid, and forms carbonate 
of lime, which is precipitated. 

CaO, 2CO* -f Da 0 = 2(CaO,COJ 


BlcarboiMfo 
of UuiC, 


CarhonAto of 
ftmo. 


The Editor believes the process of Clark to be 
virtually impracticable the hxrge eetde^ while Its 
efficacy is but slight. 
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It must be remembered tbet liiis mode aBeets the 
bicarbonate of lime, not the more troublesome cwrthy 
salts, such as the sulphates and chlorides, on which the 
hardness of spring waters mainly depends* The ai®- 
culty of muing lime and water, in definite prpportiona, 
on the* large scale, must be obvious to oveiy one. If 
too much be employed, the companies would supply 
their customers with lim-water! If too little, the 
bicarbonate of Umc would not be completely destroyed, 
and the process would be a failure. AUogeiher, we 
difficultites of carrying out the process will ever prevent 
its adoption on a large scale. 

Addition of Oxalate of IMassa , — Mr. IIoijSLEY of 
Cheltenham, some years ago, took out a patent for a 
new method of preventing incrustations in boilers, and 
also for depurating, liltering, and otherwise rendering 
water more fit for drinkable and other purposes. When 
sea-water is taken for generating steam, he purifies it 
by employing oxalate of potassa and ammonio-phos- 
phate of soda ; and tho proportions he uses for the 
water of tUo British Channel are about two drachms of 
oxalate of potassa to about two ounces of the ammonio- 
phosphate of soda for every gallon. When his object 
is to fobruate and soften hard water, he employs such 
substances as are capable of decomposing tho calca- 
reous salts, such as calcified or caustic baryta, or baryta 
water, phosphate of soda, silicate of potassa, oxalic 
' acid, or the oxalates, and caustic sti’untia, or strontia 
water; but he gives tlic preference to oxalate of potassa. 
ITc first ascertains the degree of hardness of tho ■water, 
and then adds tho recpiisittf quantity of oxalate of potassa, 
by whicli an oxalate of lime is prec/ipitated ; and there 
' rcmainB in solution, instead of' the lime thus displaced, 
a carbonate, sulphate of potassa, or chloride of potas- 
sium, as tho case may bo, and the water is purified and 
; tit for use. 

The following equation explains the reaction of oxa- 
late of poUissa ; the salt is assumed to bo noutral on 
bicarbonate and snlphute of lime : — 

Ca0,2C09 -1- -j- 2(KO, 0)^ = 

Bicaiboiinto Sul]>htila OKitluto 

of liino of liiiio of poluMa. 

2 (Cu 0 , 0 ^ d- KO, 2 CO,, KO, >3 

OxtilAto Bwrxrboiinlu 

offline. gflKiiHsea. ofpotftS«a. 

Horsley’s j[:)atent process does that which Clark’s 
fails to do : it decomposes all the earthy salts on which 
tlie hardness of water usually and mainly depends. 

' But it is open to still greater objections ^lian those iliat 
j have been raised to the other method. Besides being, 

I like CLauK’a, process virtually impracticable, it would ■ 
prove very expensive, and as regards the metropolitan 
river-waters, it is quite unnecessary. Moreover, the ' 
idea of physiching or doctoring water, by the addition 
to it of a poisonous , agent, would, if even no other 
objection existed to this scheme, be quite fatal to it. 
For though, in the hands of competent persons like 
Mr. IIoiiSLEY, no possible injury could arise from its 
use; yet the public would always have some suspicion 
of water thus treated ; and, as a celebrated English 
engineer observed to Arauo, water, Idee Cwsar^s 
should be above suspiewy-f which the Rivington Bike 

■water supplied to Liverpool is not. , jSras 

formerly supplied with spring water frm tte red sand- 
stone, be%utifully cool and refreshii^, and fhe fiw 
organic matter. Now the inhabitants are forced by a 
stubborn water committee to drink a mixture of the 
roch and smface water-^how tho i)eople suffer it is to 
the Editor a mystery— the latter pertainjy biasing its 
tohoUtsome brother. The small town of Flint, Nofth 
Wales, has inSnitely better water than is supplied to 
any of the principal towns of England. 

FuHficaiion and FiUratim qf IF(rter.---JoHKaTON 
says truly, that the water used by a nation or country 
is an important matter in a well^onsidered and long- 
adjusted diet. It by no means follows in, all oases, 
perhaps not even in the majority, tliat the purest water 
' — see Distilled Water — is tho best for tlie health of a 
given family, or for the population of a given district. 
The bright, spariding, hard waters which gosh out in 
frequent springs from the chalk and other limestone 
rocks are relished to drink, not merely because tliey 
are grateful to the eye, but because there is something 
exliilarating in the excess of carbonic acid tliey con- * 
tain and give off as they pass through the warm moutli 
an<l throat, and because the lime they hold in solution 
neutralizes or counteracts acid matters in the stomach, 
and thus acta as a grateful medicine to the system. 

On entering upon the purification and filtration of 
water, it may be stated as an*axiom that the hestfdUr 
is po substitute for had water ; still, as various towns 
throughout the kingdom are supplied with bad water, 
that .is, water containing chemical and mechanical im- 
purities, the Editor deems it necessary to explain to 
tho reader how to remove these wholly or in part, so 
as to hetten' the water. The depuration of water is i 
greatly aided by repose, by which various suspended or | 
mechanical impurities are allowed to subside gradu- 1 
ally, and from these the supernatant fluid is drawn or 
siphoned off. Tanka, cisterns, and reservoira bpeome 
therefore important depurating agents. The purifica- 
tion of water by subsidatioii and decantation is tho 
simplest of all methods of februation ; but unfortu- 
nately it is a very slow one. It is stated that the 
water of tho Garonne, taken when the river is swollen, 
does not regain its natural limpidity after a fortnight 
of perfect rest. 'I'he larger particles, of comae, quickly 
deposit, but tho finer ones precipitate very tardily? 
During the time that deposition is occurring, tho water 
is exposed to tho air, and consequently undergoes a 
chemical metamorphosis. The bicarbonate of lime 
which is dissolved in it parts with a portion of its 
carbonic acid, and carbonate of lime precipitates : — 

CaO, 2 COg. COg. + CbO, COg. 

ItlcarLoutte of liino Cartiouic miia. CArbouiUo ofU^ 

In this way tho atmosphere assists in softening those 
waters, which owe the whole or a portion of their hard- 
ness to the above calcareous salt The atmosphere, 
however, is a source of contamination as well as of 
purification, and it is on this account that the Editor 
always condemns the use of surface water forriietetic 
purposes. Ehre^krerq states that, exclusive of inor- 
ganic substances, he has detected three hundred and 
twenty species of organic forms in the of the 
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-winds. It is obvious, therefor^ that waters which are 
chemically very ^ure, must become contaminated by 
exposure in deposit reservoh'dl 

What are the best mefthods of purifying Water on a 
large scalo ? 

The water, Biiys Tomlinson, used for culinary, 
domestic, and industrial purposes, is exclusively derived 
from the rain wliich falls upon the earth, whether the 
immediate source of supply be the cistern, the well, the 
I spring, or the river. Rain-water is usually so pure, 
that the action of the most delicate chemical testa is 
required to detect any foreign substance in it; so that, 
if cisterns were formed of proper materials, and the 
rain fell directly into them in sufficient quantity, no 
better water could be desired. But as the exposed 
surface of cisterns is too small to collect rain-water in 
any quantity, it is usual to discharge into them, by 
means of gtitters and shoots, the water which falls upon 
the roofs of houses ; and, as these are covered with 
dust, insects, and other impiinties collected during dry 
weather, the rain-water of cisterns is thus contaminated 
, in various ways, fq some places the rain-water, col- 
lected on the surfaces of extensive roofs and flats, is 
made to pass through a bed of porous materials on its 
way to the cistern, and thus the solid impurities are 
strained and separated ’before the water is used by the 
public. Such is the case with the largo ciblcru of the 
ducal palace at Venice. • 

Wollfl may be compared' with cistems ; but the 
channels which discliarge rain-water into them are 
not formed of masonry, brick, or metal, but of the 
rocks which exist immediately beneath the snrfa(X*. 
These rocks mjiy bo porous, or may abound in minute 
fissures, through which the rain-water, sinking through 
the soil, finds a passage ; and being divided into 
innumerable liquid threads, it dissolves and carries 
along with it a portion of whatever soluble matter it 
may encounter. Hence, the water obtained from wells 
is not rain-water, properly so called ; it is usually ns 
clear and limpid, but it contains nearly nlwn 3 "s certain 
substances in solution, which vary according as tho 
geological structure of tho country differs. The same 
remark applies to springs: their water is rain-water, 
wliich, after having traversed strata of greater or less 
thickness, is sent up to the suifaco by the pressure of 
•the w^ater in the neigtiboring hills or other elevations. 
The nature and proportion of the impregnation to which 
spring-water is stibjectod, depend also on the extent of 
its transit and tho kind of rock traversed. The action 
of rain-water upon certain kinds of rock leads to the 
production of mineral springs ; and if tho water descends 
to a certain depth in the earth, its temperature will be 
so much raised by the internal heat, that on reappear- 
ing at the surface, it will be as a thermal spring. 

In filtering on a large scale, for tho supply of a city, 
for example, the cost and dnraliility of the filter are 
importa4^onsiderations. On the great scale of Nature, 
the roefa which filter the water, ns it falls upon tho 
surface of the soil, constitute a vast permanent filter, tho 
durability of which arises from* the great extent of 
superficial or subterranean surface concerned. It might 
at first view appear to be easy to imitate this natural 
operation, and pass the muddy water of a river tlirough 


the porous rook or sand which forms its bonks; but this 
is often an expensive proceeding, on account of want 
pf permanence of an artificial s^uctnre so contrived* 
Toulouse is supplied with water from the Garonne in 
this way, and it has cost upwards of forty thousand 
pounds at various times for supplying a city of only 
fifty thousand inhabitants. The cause of failure in this 
and other instances arises from the fact already noticed, 
that when water percolates sand, it deposits its solid 
impurities to a certain depth lietwcen the interstices of 
the filtering medium, rendering it necessary from time 
to time to renew tlie sand, liiis is illustrated by some 
experiments conducted by Mr. Wicksteed, A sand 
filter wfiioh yielded at tho rate of ten the first week, 
yielded nine the second week, six liie third week, and 
only two the fourth week ; so that a largo natural filter 
— as this description of filter is called — may go on for 
some years, yielding a good supply of water, and then 
gradually diminish it until it ceases altogether. Hence 
the construction of these so-called natural filteis re- 
quires much caution on the part of the engineer; and 
it will always bo difficult, if not impossible, to calculate 
before baud the amount of water which a natural filter 
proposed to he erected will yield. 

A second system of filtration on a large scale con- 
sists in the fornuitioii of extensive beds of band of great 
thickness, resting an beds of gravel, ct ceiera. At 
intervals of time, from ten to fourteen days, the w’ater 
is nm off; and the filtli which had accumulated during 
filtration is scraped off with a certain thickness of tlio 1 
sand of the filtering bed. Once or twice a year the | 
whole of the saivl renioved is replaced. Tliis method i 
is cosily, and not ahogether satisfactory. I 

Of all the permeable substances used for filtration, j 
animal charcoal possesses in the highest degree the 
combined mechanical and chemical influence. In 1 
addition to its power, in common with other filtering i 
media, of removing siispcndcti or mechanical iinpuri- 
lies, it also abstracts from the liquid which percolates 
it, various diasoUed bodies, and thus effects a mctamor> 
phosis in the chemical composition of the fluid wliich 
traverses it. These important properties of animal 
charcoal have oftentimes led to its use as a filtering 
medium for water; and hence it is introduced into many 
of the ordinary domestic water filters. But its deodo- 
rizing and decoloring power is soon lost ; and, in order 
to enaldc it to reacquire its original efficacy, it requires 
to he re-formod. 

There can he no doubt that of all known jicrmeablc 
bodies, the only ones which present all the requisites 
of filtering meftia for water on a largo scale, are sand 
and gravel. They are cheap, allow the rapid passage 
of water through them, and, when they hate bc^n pre^ 
vioasly v)e.ll washed^ communicate no taint to tho waters 
which traverse tliom. Their employment must have 
been suggostod to man by the observation of tho 
numerous limpid springs which are seen in arenaceous 
districts. 

Their action, however, is chieffy if not entirely 
mechanical. They possess little or none of that power 
of effecting chemical changes on the liquids filtering 
through them, wliioh animal charcoal possessefl in so 
pre-eminent a degree. Yet, unless several ,distin- 
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guiehed writers have grossly deceived tkeraselv^, 
eand is oot entirely devoid of this chemical infltteooe, 
Wageemann^ for example, found ^tbat when vinegat 
was filtered through pure quartz sand,’ the first portion 
of liquid that percolated was deprived of almost all 
acid; and the f ihegar did not pass through nndlanged 
until the sand had become well ebarggd with acid. The 
Same authority also states that potato-brandy diluted 
with water, and filtered through quartz-sand, yields at 
first pure water, then a mixture of water and alcohol 
deprived of its fusel-oil ; and, lastly, the original mix- 
ture unaltered. Bekzelius filtered a saline solution 
through a long tube filled with sand, and found that 
it ran out more or less completely deprived of salt, 
Matteucci ropoatQd Berzelius’ experiment, and 
confirmed his statement. Ho filled a tube about 
twenty-six feet long with sand, and filtered a saline 
solution through it; and he found that the density of 
the liquid introduced by the upper aperture of the tube 
was to tliat of the liquid escaping from the lower end, as 
rOO to 0*91. But ho observed that this difference of 
density was not always maintained ; for, after a certain 
time, the saline solution becomes as dense at its exit 
from, as at its entrance into the lube, proving that the 
decomposition of tlio saline solution takes place in the 
first action of contact between it and the particles of 
sand. But a still more remarkable rtjsult, the inverse 
of the one just slated, was obtained by the last-men- 
tioned chemist, with a solution of carbonate of soda. 
He filled a lube nearly ten feet long with sand, and 
filtered a solution of carbonate of soda through it ; and 
he found lliat the density of the liquid at its entrance 
was to tliat at its exit as 1-000 to 1‘005. In this case, 
tlicn,* the sand had deprived tho solution of part of its 
water, and had thereby increiiHod the gravity of the 
liquid which percolated. Assuming, how^cver, the 
accuracy of all these reported observations, it oaimet 
bo doubted that, in a practical point of vkw, the effi- 
cacy of sand, as a filtering medium, depends on its 
nii'chcmical^ not on its chemical influence. 

Domestic Filters . — In coming now to notice small 
filters for donjestic purposes, such a multitude of inven- 
tions and couti-ivanccs start up to \iew tliat, as Tom- 
linson says, how to choose and whero to begin is diffi- 
cult. There are cevtnin classes of subjects, says the 
same authority, on winch tho genius of inventors seems 
to run riot. Filter’s form one of these, and fire-cscapres 
another. In either class examples are as numerous as 
tlic attempts to solve the problem of perpetual motion, 
or to square tho circle. Almost every kind of porous 
, substance lias been enlisted into the service of filters. 
TJie animal, vegetal, and the mineral kingdoms have 
eacli contributed. Charcoal — animal and vegetal — 

sponge, flannel, cotton, straw, hemp, saw-dust, wood 
shavings, branches and leaves, various kinds of porous 
stone, sand, pounded glass, zinc and iron filings, ate a 
few only of tho materials that have been recommended 
or used ; and tlio methods of employing them are as 
various and as dissimilar as the substances themselves. 
The Editor considers the best filter for home use to bo 
that of Forster of Liveqiool, which he employs in his 
own house. Tho water percolates a fine porous 
j stone, which removes all -mechanical impurities, and 


a to the water, w!^oh h'mi&t the eaen 

wh^ 8|>ohg^, charcoal, and otlier stihstaE^^ are the 
filtering nSedia. It is, as To?«likson states, remark- 
able that very few filters were exhibited k the foreign 
department of the Great Exhibition. Pnino©, sent 
three two of stone and one of etocoah An 
ingenious form of filter was exliibitcd by the Wenham 
Lake leo Company, which consisted of a siphon, the 
extremity of the short limb of; which is furnished with 
a box containing the filter, so that on inserting this into 
a cistern or cask holding water, and applying suotioii 
at the extremity of the longer ^b, a stream of filtered 
water can be obtained, which may bq arrested or drawn 
at wDl by shutting or opening the tap, as seen in the 
figure. In the^ laboratory, unsized paper is almost 
exclusively employed as a filtering medium. OUier 
substances, such as flannel, tow, sand, pulverized glass, 
may occasionally be used. 

An arrangement is also made for retaining the liquor 
in tho filter at the same height, until the whole of 
the fluid to be percolated is expended. To insure this, 
the* menstruum to bo passed through is held in a flask 
inverted, tho neck of which, as the reader will per- 
ceive by tlie wood-ent, dips into the liquor already 
contained in the funnel. As the liquor descends, and 
iJie neck of the flask becomes uncovered, a bubble or 
two of air entcra ; more liquor* exudes, until the neck 
becomes again immersed,, and all communication with 
the air is again cut olf. 

Vessels for CGNTATNiNO.WATER.—Leadandotlier 
metals are very useful to store water in. The Editor is 
very glad to find, however, tliat the clean, inexpensive, 
and beautiful material, slate, is coining into use for 
cisterns, instead of lead, which is a dangerous metal 
[ to have in contact with a liquid of such doily and 
I imivorsal consumption. 

Distilled Water. — C ertain technical and analyti- 
cal purposes demand tliat the water employed by tho 
operator or analyst bo perfectly pure. To insure this, 
distillation is resorted to, by which operation tlie foreign 
matters hold in suspension or solution are separated. 
Dr. Normandy remarks, that the distillation should 
bo arrested when the salts begin to precipitate ; for if 
the process were continued, part of these saline matters 
might suffer decomposition, and thus contaminate the j 
tiistillate. Tho annexed table from Normandy shows 
the characteristics of pure water. It must not become 
turbid, or produce a precipitate with any of the sub- 
joined reagents : — 

Eaiylft water— Tf a precipitate or opaqueneaa appear, car- 
bonic. acid is present. 

(dilorido of bariuiT) — Shows siilphaloa. 

Kitralc of silver — Indicates clilorides. 

Oxalate of ammonia— Evidences lime salts. 

8uli>hido of hydrogen, solntion made slightly odd — Anti- 
mony, arsenic, tin, copper, gold, platinum, mercury, silver^ 
load, bismulli, cadmium* 

Sulnhido of ammonium, solution alkalized by ammonia — 
Nickel, cobalt, manganese. Iron, zinc, alumina, chromium. 

Chloride of mercury, chloride of gold, sulphato of .iino— 
Prove organic matter. 

Pure distilled water, evaporated on a piece of platinum 
foil, sliould leave m residue^ As a drink it is insipid, 
and is not recommouded except m some cases of 
calculi. 
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The following table, embracing the composition of some principal river and well waters, will prove interesting 
to the reader 

QBAIKS IN THE IMPEEIAL GALLON. 


. , JUVER. 

• WELL. 

||||||||||||_ 

Clydu, 

OlAsirnw. 

Tinmy. 

Penny 

S-tine. 



Lotro. 

]>ovlU« 

11 




Carbbttsie of Inne,. 

2*52 

•50 


9*511 

4*524 

3*374 

5‘334 

13-397 

12-958 

16*133 

Sulphate of lime, . . . . 

•26 

•52 

1*886 

1*030 

— 

— 


— 

11-490 

— 

Cliloride of calcium, 



— 

— 

— 

— 

— 

— 

— 

— 

Carbonate of uoagneria,. . . 

•72 

— 

•189 

•350 

•238 

•427 

3*430 

•161 

•575 

•266 

Sulphate of magncBia, .... 

— 

— 

tmeo 

— 

— 


— 

— 

— 

— 

Chloride of magooHiiun,. . . 

•to 

•0!> 



— 

— 

— 

•035 

MC3 

— 

Sulphate of soda, 


•39 

— 

•945 

•371 

•238 

■519 

•3.^7 

•378 

•189 

Carbonate of soda, 

— 

— 

— 

— 

*4.55 

1*023 

— 

— 

— 

•147 

Chloride of sodium, 

•54 

•73 

•KG2 

•140 

•‘224 

•:i.K5 

•119 

•Ml 

2*637 

-224 

Sulphate of potassa, 

1*94 

•39 

•350 

— 

•5.'^3 

— 

— 

— 

1--410 

— 

Kitmte of potassa, 

— 

— 

— 

2-GGO 

— 

— 

•280 

•287 

— 

•189 

Nitrate of soda, 

— 

— 

•6."j9 ! 

— 

— 

— 

•315 

•273 

— 

* ^ 

Nitrate of magnesia, 

— * 

— 

•364 

— 

- — 

— 

— 

— 

3*998 

— 

PboBphatc8~earthv, 

•31 

•18 

— 

— 

— 

— 

*333 

— 

— 

— 

Alitmitia, 

•28 

•32 


•175 


•498 

— 

•147 

•371 

•U70 

Oxide of imn, 

truce 

— 

•175 

•406 

•217 

•385 

— 

•210 

— 

— 

Silicic acid, 

•28 

•32 

1-711 

3-423 

2*813 

2*818 

1*C69 

MU 

2 146 

1*068 

Organic matter, 

•89 

•4.5 

— 

— 

— 

— 1 

— 

— 

— 

— 


7-86 

3-75 

17-840 

16*247 

1 9*.58.j 

9-437 

9*082 

16*142 j 

37*126 

18 283 


Phydctlogical Ejfect »^ — Water is an essential part of 
the blood and of the living, tissues. It is from this 
liquid that the tissues derive theit properties of exten- 
sibility and dexibility. It gives fluidity to the Mood, 
and enables the transportation of organic particles 
from one part of the body to another to be effected. 
Lastly, it contributes to most of the transformations 
which occur within the body. Considered dietetically, 
aqueous drinks servo several important purposes in the 
animal economy : tliey repair the loss of the watery 
part of the blood, caused by evaporation and the action 
of tlie secreting and exhaling organs, and thereby ahsist 
Iho stomach in the act of digestion. If, however, they 
are swallowed in excessive quantity, they may impede 
digestion by diluting the gastric juico. It is not impro- 
bable that water acts as a real nutritive agent, that is, 

( assists in tlio formation of the solid parts of the body. 

I As an agent for the communication or abstraction of 
heat to or from the body, water has Inicn before 
noticed. Furthermore, the influence of atmospheric* 
humidity modifies the character of climates, 

I Water moderately warm, and which neither cools 
I nor heats the body, acts locally as an emollient, soften- 
ing and relaxing the various tissues to which it is j 
applied. When swallowed, it allays tliirst, becomes 
absorbed, mixes with and thereby attenuates the 
blood, and promotes exhalation and secretion, espe- 
cially of the aqueous fluids. Administered in large 
quantities, it excites vomiting. The continued exces- 
sive employment of water has an enfeebling effect on 
the system, both by the relaxing influence on the ali- 
mentary canal, and by the excessive secretion which it 
gives rise to. Inje^d into the veins in moderate 
quantities, tepid water has no injurious effects; it 
quickens the pulse and respiration, and increases sec- 
retion and exhalation. Large quantities check absorp- 
tion, and cause difficulty of breathing and an apoplectic 


condition. Thrown with force into the carotid artery, 
it kills by its mcohanicul eflects on the bruin. 

Besides the dietical and thermotic purposes for 
which water is employed in medicine, it serves as a 
diluent, humectiuit, emollient, evacuant, and, in phar- 
macy, as a solvent. Water, or bland aqueous fluids, are 
employed in some cases of poisoning. They servo to 
dilute the acrid and irriUiiiL poisons, the iutonsity of the 
action of which on the stomach they lov;er. Moreover, 
the presence of aqueous fluids favors the expulsion of 
substances by vomiting. In preternatural dryness and | 
rigidity of parts — for example, of mucous surfaces, ! 
the skin, wounds, and ulcer’s — water and mild aqueous 
fluids aie useful moisteners and emollients. The 
cojdouB use of water angmonls tbe quantity of fluid 
thrown out of the system by the cutaneous and pul- 
monic surfaces, and by tlic kidneys. If the object bo 
to promote ^iaphoresis, external warmth should bo 
conjoined with the intorual *1180 of diluents ; wlicrcns, 
when one wishes to excite tJio renal vessels, the skin 
should be kept cool. In inflammatory affections of the j 
urinary passages, the free employment of aqueous fluids j 
is advised, with the view of diluting the urine, and 
thereby of rendering it less acrid and irritating. What 
is called water-dressing may be regarded as a modified 
and improved form of poultice. It consists in the 
application of two or three layers of soft lint dipped 
in water, and applied to inflamed parts', wounds, and 
ulcers, the whole being covered with oil silk or Indian 
rubber, which should project beyond tbe margin of the 
lint to retain the moisture, and prevent evaporation. 

Dr. Macaiitney considers it to operate diflerently to 
a poultice ; unlike the latter, he eaye, it prevents or 
diminisbes tlao secretion of pus, checks tlio formation 
of exiibwant -granulations, and removes all jiain. 
Moreover, the water is not liable to become sour like a 
poultice, and does not injure the sound part. Water 
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is frequently employo<l in pharmacy for e:&tractkng tbe 
active principles of various medicinal ngeuts^^Pereiri^^ 

Mineeal and other Waters.-^Qdover justly 
remarks that few subjects connected with me^cine 
are more interesting to the general reader than that of 
mineral waters. The circumstances attending their 
administration, the natural mode of >their production, 
the scenery in s^Uich tliey are often placed, and the 
associations frequently surrounding them, combine to 
give them, as remedies, an interest exceeding that of 
ordinary medicinal agents. Hygiene and medicine, 
in the nanew acceptation of the terms, join hand in 
liand at the salubriouB fountain. Spas have been 
exalted, and are still exalted by interested parties, as 
panacean cures for all diseases; others unworthily 
decried; source has been pitted against source, and 
pump against pump; and battles fought between biassed 
spa-doctors, which only tended to raise doubts in tlie 
opinions of thinking men. 

To enter largely into the subject ‘of natural and 
artificial mineral waters would be quite out of place 
in a book of this description, and it would be incom- 
patible with the assigned limits to give more than a 
general insight into their nature, character, composition, 
and manufacture. The great /uror for saline and other 
springs is daily abating a very striking proof of this 
being evidenced at Cheltenham, to which thousands 
used to rush yearly to partake of its waters, whereas 
now it is almost entirely deserted. The same, no doubt, 
will soon be the case with other places, and artificial 
will, in many cases, supply the place of natural waters. 
Is not more due to the diet, change of scene and air, 
than to the virtues said to be possessed by certain 
springs ? What miraculous cures are stated to have 
been produced by the water of Holywell, Flintshire, 
North Wales ; and yet analysis reveals nothing particu- ' 
lar in this spring to impart to it medicinal properties, 
as illustrated by the annexed tabulated results of Mr. 
James Barra tt, pupil of the Editor— 

Toraperature, ^ r»‘2® 

tjpeeme gravity, l’00J5 

Onitn*. 

Pur Imperial galloa. 

Carbonate of iron, traces 

“ lime, jJ3'0«5 

magnesia, 2*688 

“ soda, 1*432 

Chloride of calcium, 3*094 

“ potassium, traces 

** sodium, . k 0*821 

Silicic acid, 2*737 

Sulphate of lime, 5*202 

maguesia, traces 

Total, 29*659 

Direct determination of fixed constituents, 30*450 

Free carbonic acid, 10*338 grainB, 21*874 cubic inches. 

This famous spring is tlxeti^rat in Great Britain ; it 
never freezes, and scarcely varies in the quantity of, 
water it emits, drought or wot weather, flinging out 
iwenty-ona tons a minute, 

Pereira remarks— Mineral waters were known to 
mankind in the most remote periods of antiquity, and 
wote ‘employed medicinally both externally and inter- 
nally. Homer speaks of tepid and frigid springB. 
The ^sculapidas, or followers of .ffiscuLAPius, accord- 

ing to HFBiEiiiOEL, .ereoil;ed their temp^es,^iti the vicinity 
of ndneral and iihennal waters. HtFFOCEATEe, )(|tentijons 
mineral waters, although he does not'frespribe them 
when Speaking of particular diseases, Their medicinal 
propertieB ate spoken of by PtiN y. 

The principal source of saline waters is the tain, 
snow, hafl, dew, percolatmg a certain portion of the soil, 
and dissolving various matters in their passage, so as 
to reappear on the surface at the bottom of declivities 
as spring-water; or when procured by making pita 
or wells— well-water. But springy are sometimes 
observed, continues pREEtBA, mider circumstances 
which are inconsistent with the supposition of their 
atmospheric origin. The boiling Springs, says &A1ED- 
NER, which emerge on tlie verge of perpetual snows 
at an altitnde of thirteen thousand feet above the level 
of the sea, as in the Himalayas, cannot be derived from 
the air. 

Mineral waters, of oourse, procure their particular 
and distinctive properties or qualities from the strata 
through which tlioy flow. Those of the primitive for- 
m|tioD are almost all thermal, generally possessing a 
high temperature, while those of the older secondary 
formations are generally cooler. The hot or thermal 
waters are those possessing a degree of heat more or 
less raised above the mean of the ]atitud<f or eleva- 
tion at which they are foun(j, and the changes of 
which, if any, observe no regular periods fcoincident 
with the revolutions of ^e seasons. Three causes,, 
says Pereira, have been assigned as the source of the 
temperature of mineral waters, namely, volcanic action, 
now in existence ; volcanic, now extinguished, but Ibe 
eflects of which still remain ; and a central cause of 
heat, which increases in descending from the surface 
to the interior of the earth. The Geyaera^ or boiling 
springs of Iceland, are evidently result of volcanic 

action. 

Pereira proceeds — The origin of the saline and 
other constituents of mineral waters is anotJier inter- 
esting topic of inquiry connected with the natural 
history of mineral springs. As water, in its passage 
through the difierent strata of the globe, must come in 
contact with various substances which are soluble in 
it, one refers certain constituents of mineral waters to 
solution and lixiviution merely, as chloride of sodium, 
carbonates of lime and magnesia, oxides and bromides 
of sodium and magnesia, iron, silicic acid, et cetera, 
Chemical action must, in some cases, be the source of 
other constituents. Sulphide of hydrogen is most likely 
the result of the action of water on some metallic sul- 
phide, especially iron pyrites ; sulphurous or sulphuric 
acid from the oxidation and combustion of sidphur, 
free or combined. In acidulous or carbonated waters 
the carbonic acid probably arises from the decomposi- 
tion of chalk either by heat or sulphuric acid. The 
disintegration of chlorides of sodium or ammonium 
would eliminate hydrochloric acid, while carbonate of 
soda, found so largely in the native lakes of l?gypt, 
might, as Berthollet supposes, bo proved by the 
action of chloride of sodium or carbonate of lime; thus— 

Na Cl + OnO GO, ^ NaO 00, -f Oa Cl 

ciilorltto of aiHlittm OorboiiAto ^ OtaCauef ailoirta<t Qr 

ofUii)*. ot aoOii. oaldopL 
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WATEB — ^CaiiiYBEATE— SuLPutmotJB — A nalyses op Harrowgate. 


G-aiiidner states that the s^fiferent orifices of the 
Karlsbafi Sprtdel discharge annually about thirteen 
thousand tons oi carbonate of soda and twenty tliousand 
tons of sulphate of eoda. In a crystallized state ; and 
farther adds, that a vjery simple osculation is sufficient 
to prove that the Donnersberg alone, Uie highest of the 
Bohemian Mittelgebirgo, a cone of clinkstone two 
thousand five hundred feet in olevation, eviscerates 
soda sufficient to supply tlie Karlsbad waters for more 
than thirty thousand years. 

The Editor agrees with Pereira that the best 
classification to adopt is that of grouping mineral 
waters into four classes, videlicet^ chalybeate, sulphu- 
rous, acidulous, and saline. 

Chalybeate or Ferruginous Waters, — These 
term^ are applicable to those waters, the active principle 
of which is iron in considerable quantity. These 
waters possess a styptic taste, and when they contain 
the protoxide of the metal, yield, witli ferrocyanide of 
potassium, a white or bluish-white precipitate ; and if 
the sesquioxide be present, they give a Hue precipitate 
with ferrocyanide of potassium, and become red with 


the alkaline siilphooyanide. The carbonAted chaly- 
beates ore of two kinds, those containing the caibouate 
of iron, associated with much carbonic acid, which 
rendei's them acidulous and effervescent. The Pyrmont, 
Trinkquelle or drinking spring, Schwall)ach Spa, and 
Poubon, are of this nature. 

The noneffervescent ones oro Oddy’s saline chaly- 
beate at Ilarrowgate, the Islington near London, 
and the waters of Tunbridge Wells, These are also 
sulphated chalybeates, but they are not of so much 
importance. 

Sulphurous oh Hepatic Waters.— The most 
celebrated of these waters are — in England, those of 
Harrowgate, the appended analyses by Dr. A. W. Hoff- 
mann being given; Scotland — Mofllat and Rothesay; of 
the Continent — Engbien, BarJiges, Aix, near Geneva, 
Aix-la-Chapelle, and Baden. They have the disagroo- 
able smell of rotten eggs, and give, wdth salts of lead, 
bismuth, copper, et ceteray black precipilates. 

Subjoined arfe analyses by Dr. Hoffmann of several 
of the most important saline chalybeates at Harrow- 
gate 


URATVS OF SALINE CONSTITUENTS IN THE GALLON OF WATER. 



Old 

MontpoUlcr 



Montppllitfr 


HovpHaI 

nospHal 

Stnrhnck. 

# 

ffulpbor 

utrutiff 



n>i)d 


■ti'oti,;: 

mild 

sulpiiur 



■iilpliiir well. 



anlphur well 


sulphur Hpring 

EiUpliur sprinfr 

spn. 

Temperature, 

. . 48*2“ 

40*4“ 



42*8“ 


41*9“ 

44*6‘ ... 

48*2“ 

Specific, grav it V . 

.. 1*01113 

.... 1-01045 



3*00314 


. 1*00516 

1 -0020 . . . 

1-0018 

Ammonia, 

. . trace 

trace 



trace 


. trace 

.... trace 

trace 

Bromide of sodiuDi, 

. tlMCC 

.... — 



trace 


. trace 

trace 

trace 

Carbonate .of iron, 

UiH'-O 

.... trace 



Lrace 


1 *000 

.... trace 

trace 

“ lime, 

. . 12*365 

24*382 



20*4.57 * 


25-.5GO 

.... 19-704 ... 

6*900 

** magnesia, . . 

— 

.... — 



3*251 


fj-797 

. . . . — 

— 

** mangoiicBu, . 

. . trace 

.... trace 



trace 


. trace 

trace 

drare 

“ potassa, 

— 

... — 



— 


— 

.... — 

32-207 

** soda, 

— 

... — 



— 


. — 

.... — ... 

6*133 

Chloride of calcium, 

.. 81*735 

.... 01*910 





. 

.... — 



“ magnesium, . . . 

. . 65*093 

.... 64-607 



17*140 


. 11-695 

0-3.30 . . . 



** poiaasiuin, . , . 

.. 64*701 

6*750 



3*975 


. 30-751 

.... 24-970 . . . 



“ sodium, 

.. 860*180 

.... 803*093 



232*413 


. 369-0J4 

.... 220-030 . . . 

121-798 

Fluoride of calcium, ..... 

. . trace 

.... trace 



trace 


trace 

.... — 

faint trace 

Iodide of aodium, 

. . trace 

.... — 



trace 


trace 

Iraco 

trnce 

Organic matter, 

. . trace 

.... trace 



trace 


3 -.327 

.... trace 

1-740 

Silica, 

, . 0*216 

1*840 



0-J05 


0-535 

1*40 ... 

1-7.53 

Sulphate of lime, 

.. 0-382 

. . . 0*594 



12*104 


63 -OOd 

1-215 ... 

0-870 

Sulphide of kodium, 

. 16-479 

14*414 



3*398 


7*lf>5 

0-301 ... 

1-711 

Total 

..1096*581 

.... 960-450 

*• 


292*903 


. 484*454 

279-046 .... 

, 157-602 

GASES PISSOLVEI) 

BY THE WATERS 

AND 

EXPELLED 


EBULLITION IN VACUO. 






Compoeltlun in one hundred Tolumoe. 



Old 

Montpcllliir 



Montpt.-111ur 


Hospital 

Ilofipttul 

— — , 

StnrbtJTh 


gvlphtur 

Btropjf 



mild 


atruiifr 

ndid 

Siulphur 


w«»U. 

sulphur well. 



Rulplmr well 


nnlphur rpring. 

•nlptnir spring. 

■pft. 

Carbonic acid, 

... 61*06 

, . . . 70-62 



02*50 


. 31*79 

.... 44-07 . . . 

49-78 

Carbide of hydrogen, 

... 16*17 

2*71 



3 99 


0*52 

.... 22 80 ... 

27-71 

Nitrogen, 

. . . 8*08 

.... 24*21 



33-51 


. 65*88 

.... 25*31 ... 

22-51 

Oxygen, 

. . . — 

2*46 

, 




— 

7*82 . . . 

...» 

Baipnide of hydrogen, . . . 

... 14*69 

. - . . — 

' 


— 

-* 

1-81 

.. .. — 

trace 

Total, 

... 100*00 

.... 100*00 


. . 

100-00 

, , 

. 100-00 

... 100-00 ... 

, ^00 00 


CUBIC INCHES OF THE GASES IN THE GALLON OF WATER. 


Old 

lulphur 

woU. 


Carbonic acid, ............... 22*03 

Carbide of hydrogen, 5*84 

Nitrogen, 2*91 


lide of hydrogen, r 6*31 

Total, seio 


MonfpcIMer 

ftrong 

14*01 

0^58 

482 

0*48 


19*84 


mlM 

salpjbtir well 

34*28 

0*90 

7*ii7 


22*8f> 


»tW0K 

luipbar tpnnif. 
9'£i4 
0*15 
. 19*78 

0^4 

. 80*01 


NoKpItsl 

oiild 

•nlphor «prln|r. 
10*20 
6*28 
5*87 
1*81 . 


23*16 


Starboflk 

Milphui* 

■pa, 

9*2G 

5*16 

4*21 

trkee 

18*62 




'■'07 






r 


Ba^aT, JOitB CAtACA»B0U3. 


wm 


coisromiOK of ths i»^«b4, xit oiri9 HiisTDittix) voLUirfifii, Hnamo froxc im tK 


GArtionic Bcid; ; . 


Oxyuen, 


The sulphide of hydrogen exists in the above waters, 
partly free and partly combined. Only a portion can 
bo hxi»ellod by ebullition. The ^amount of the sulphide 
of hydrogen in the waters varies, which may be partly 
due to influences affecting the strata through which tlic 
waters ascend ; to a great extent, however, they must 
be ascribed to the action of the air. 

The general operation of these waters, says Pekkira, 
is stimulant. They are adapted for chronic complaihts, 
and are supposed to possess a specific power over the 
rutaneoits and uterine systems, and are said to be 
beneficial in chronic rheumatism and gout. As pre- 
viously remarked, would not an iron salt, judiciously 
a Iniinifttcred, act just as well in the above-mentioned 
di umes ? 

Acidulous on Carbo^Tated Wateus.-— The name 
here implies watcra charged with carbonic acid. Most 
waters contain a few cubic inches of carbonic acid in 
the gallon, but the acidulous will eviscerate from thirty 
to two hundred cubic inches. It is stated by Alibekt 
that tlic waters of Saint Nectaire hold four hundred 
cubic inches iironc hundred of the water. 

Carbonate or bicarbonate is contained in waters of 
this kind, and, when this is the case they are called 
acidulo-alhaline. The Selters, Altwasser, Saltzsbrunn, 
llcinerz, and Pyrmont acidulous waters are of this 
description. Protocarbonate of iron is sometimes 
present in them, classifying them under acidulom 
carbonated cludyt^ates. The spring at Ilkeston, near 
Nottingham, is the only water of the above class in 
Great Britain, 

Acidulous waters are cooling, refreshing, and exhili- 
rating, and oftentimes, relieve nausea. Tlie acidulo- 
alkaline waters are useful in the lithic acid diathesis, in 
gout and rheumatism, et cetera^ 

Saline Waters, according to Pereira, may lie 
divided into five kinds : — 

Purging Saline —Sulphates of soda or mng- 

- ncsia are the active ingredients of these watere : some 
owe their efficacy to sulphate of magnesia, others to 
sulphate of soda. 

Biiter Purging Watere, BUter Wdt^Sy BiUer-Salt 
Wak/re . — Sulphate of magnesia predominates in these 
waters. Epsom and Scarborough in England, and 
Seidlitz, Saidcbfltz, and l^lna on the Continent, are 
of this ^i»d. Some thermal springs, as those of 
del Pozzeto, near Pisa, contain sulj^ate of 

Salt Waters. — Some writers give this 
name te tlio$e waters holding sulphate of soda in solu- 
tion. Some of tliese are 'warn, and on this account 
are called the warm aUmlinM glavber salt mtters. 
this division ‘ 
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Old 


■ditAiw . 



•ulfiliw Mrnrhia^ 

t-m 


.. 40-00 

“ r r t ‘ ' ”**■*(«' 

.. 66-72 

99*91 

. , ■ itttx 

..... trace 

. . 100*00 
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now BO much resorted to for goodj^^or evil I Pmther 
on analyses aro given of the Carlsbad water, and 
of several others of the leading and well-known Con- 
tinental springs. Some of this class of waters . are 
devoid of alkaline properties, but oontaha, besides sul- 
phate of soda, various earthy and alkalino salts They 
are the earthy glaub&r salt woiers. To this division 
belong tlie deserted springs of Cheltenham,, and those 
of Leamington and Spital, 

In large doses the waters of this kind are mild 
cathartics. Pereira says they are nseful in diseased 
liver, dropsical diseases, et cetera. 

BaU or Brine Watef’S . — The characteristic ingredient 
of these springs is chloride of sodium. Iodine or 
bromine, or both, have been found in some of them, 
and these most likely add to their medicinal effects. 
The small quantity of iodine recently found in tlio 
water of St. Ann’s Well at Gfbat Malvern, Worcester- 
shire, by the Editor, is dhubtloss the active ingredient 
in that water. 

The Kreuznach and Salzhauseii springs in Germany 
are among the brine springs, and in England the 
principal ones are at Mlddlewlch and Nantwicli in 
Cheshire, Shirleywicli in Staffordshire, and Droitwich 
in Worcestershire. 

Taken in large quantities, saline or brine springs are 
emetic and purgative. They have been principally 
celebrated in glandular swellings. The water of 
Baden Baden contains a large quantity of chloride of 
sodium. 

Analysis of the water of Baden Baden by the 
Editor : — 

Imporlnl (mlloiA. 

Alumina,. tmeo 

Carbonate of iron, * . . 1 *35^ 

“ " lime, 14*184 

Chloride of ctileium, 11 ‘040 

‘‘ I«>taR8iiiin, 13*720 

** Rodlum, 132*644 

t Organic matter, trace 

l*hosphate of liiae, trace 

Silicic ucid t 2*947 

Sulphate of magnoaia, 5*236 

181^7^ 

Specific gravity 1*00284 

Carlioiiic acid 4 5 cubic^chcB. 

Sulphide of hydrogen. ' trace. 

Calcareous 'Weders . — These saline mineral waters, 
the lecMing constituent of which is either the snlldiate 
or carbonate of lime, belong to this order. 

The Buxton, Bath, and Bristol thOT»al waters, como 
under the same catcgoi^ A^iuexed is an analysis of 
the Buxton water just caTnplGted,% ^e Editor j H differs 
materiaHy from the one made by hm friend Playfair 
some time ago, ^cejpit in Ihe ,embu^ ^f geees : , 

' * ' ^ * f • ‘ ' fl X 









Uui 

gallon, 

t : Carlwn^ite of limo, , * * . . «*54l 

Carbonate of magnesia, 4J'741 

Carbotiate of pr^xide of iron 0'08‘2 

Ktiliibate of limsp, O SaO 

Chloride jof coScbm. 1-227 

('blonde of xnaKomum, 0'Af>3 

Chlortde of ftodiuin, 2*40^ 

Chloride of potassium, 0 260 

Bilioa^.., 1*044 

Kitrioacid, traoo 

< )rganic matter, . . . ^ 0*341 

blooride of oalomm, 

rhofiphate of lime, . . . . j- trace 

Total per gallon, 18*434 

Free carbonic acid, 3*5 cubic inches. 

Kitrogon* 604 “ 

Gttlcareatts waters are stimulant, alterative, and con* 
fillj)at 0 r 3 % Externally they are said to be beneficial in 
the euro of rheumatism, gout, chlorosis, chronic skin 
diseases, et cetera. 

The quantity of nitrogen gas accompanying this 
water has been previously alluded to. Dr', Robertson, 
in treating of the physical cliaractors of the Buxton 
waters, ascribes their brilliancy when drawn to the 
quantity of gas Jieki in sohuia-n. Of course, this must 
he fallacious, for very little gas is held in solution or 
dissolved. As Glover remarks, what occurs in the 
haths, where a quantity j>f the nitrogen has been forced 
along by the current of water, three hundred gallons 
pen* minute, furnishes no indication of the amount of 
gas in solution. The great use of the Buxton water 
is, of course, externally, but upon what its eflccts 
mainly depend still rcniams uncxplaivcd. 

Mr. «r. Armxtage Pearson, Uie eminent consulting 
surgeon of Buxton, has informed the Editor that he 
does not look upon the nitrogen in any water to be an 
efiectivc element ; and although one sees the gas con- 
stantly gurgling forth in strong streams, still Mr. 
Pearson agi-ecs with the Editor, that being an insoluble 
gas, it is not absorbed into the system; and even 
supposing that it could he absorbed^ it could not exert 
any beneficial result., /.ll water is a diuretic, more or 
less* Mr. Pearson places very little value on the 
l^uxton waters per se ; but administered with a certain 
and most valuable medicine — an alkaloid — which ho 
has prescribed, he has efie^’.tod several wonderful cures. 
The limo salts in the water no doubt exert a beneficial 
influence. 

To divert the reader’s attention a little, the following 
anecdote with regard to how;^ waters of one kind or 
another become celebrated, is given by the writer of 
Bubbles from the Brunnens of Nassau^ with regard to 
the discovery of the far-famed waters of Sclangenbad. | 
It is characteristic of the supposed origin of many similar 1 
waterin^placos, and as such it may amuse, if it does ! 
not much edify, the reader : — la the history of the 
little Duchy of Nassau, says tliat graceful writer, tlie 
discovery of the spring forms a stoiy full of innocence 
and simplicity. Once upon a time, there was a heifer i 
with which everything in nature seemed to disagree. 
The more she ate, the tliinner^ho got The more her 
mother licked it, tiio thicker and more staring was her 
coat Not a fiy in the forest would bit© her. Never 
was she seen to chew tile cud ; but, hide^-bound and 


melancholy, licr hips seemed to bo actually protruding 
through her skin, Whjit was the matter with her no 
one knew ; what could cure her, no one could divine ; 
in short, neglected by her master and her species* she 
was, as the faculty would term it, gitM over. In a 
few weeks, however, she suddenly reappeared among 
the herd with ribs covered with fat, eyes Ifite a deor, 
skin as sleek as a mole, breath sihelling sweetly of 
milk* saliva hanging in ringlets from her jaw. Every 
day seemed to re-establish her health, and the pheno- 
menon was BO striking, that the herdsman* having 
watched lior, discovered that regularly every morning 
she wound her way in secret into the forest, until she 
reached an unknown spring of water, from winch, 
having refreshed herself, she quietly returned into the 
valley. A young Nassau lady showed symptoms 
similar to tliose of the heifer, and the herdsman recom- 
mended tlio water, which cured her ! 

Glover says justly in liis very readable wrork on 
mineral w'aters, that there is a certain mystery con- 
nected with the origin and mode of operation of some 
of them, which no doubt with many is attractive, just 
as in the extraordinary doctrines of llAiiNEftiASN and 
others. Many of these waters, and especially the 
thermal ones — Buxton, et erkra — produce effects in 
general estimation far beyond what can bo accounted 
for, either bj^ their chemical composition and the power 
of their knovm ingredients, or by their temperature as 
shown by the tliermomcter, in comparison with those 
of ordinary water baths. 

Alkaline Waters. — C arbonate and bicarbonate of 
soda are the characteristic ingi'edicnta in buch mineral 
waters. The thermal springs of Teplitz and Ems 
come under this class, also the Vichy waters, which 
have long been noted for the cure of stone and gravel ; 
but of late years they have been the subject of discus- 
sion among French physicians ns to their efficacy in 
these disorders. 

Among the mineral waters in this country which 
contain carbonate of soda are those of Ilkeston in 
Derbyshire, near Nottingham, and Malvern in Worces- 
tershire, an analysis of the latter being appended. 
These waters have only recently been minutely ana- 
lyzed in the Editor’s laboratory ; — 

fit Atin’BWi*!!, nolyW«Tl, 

Oirjit MiiIvmii lf«1v4fni 'WflliJi. 

£)tUtor, Durrutt, 

In tb« Imperial ffAlioti. 

Abimina, — .. fmeoa 

of iron, 0*0331 .. 0*22470 

“ limo, 0*4310 .. 1*02480 

“ ina]G;ncsiii, . . 0*41 U ., 1*18400 

“ fioda 0‘2844 . . 0-23310 

Chloride of magnesiiiin, . . 0*1448 , . — 

sodium, 0'876« ., 0*04570 

loJido of potttsfiium, 0*00021 . . — 

fiodium, — 0*00029 

Silicic acid, 0*2057 .. 0*102.50 

Snl|ihate of limo, I *1521 . . 1 *65690 

, Boda, 0-4382 .. 0*0r>60 

Organic matter, — . . truces 

.3*9772 .. 6*.558.59 

Specific gravity J.‘00i8 1*0012 

Carhoidc acid in cubic 1*381- . 6 722 

Temperature 48® .. 4G® 

The above watetfi issue' from the rock at the rate of 
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about tbreo gailona a miuutei and they Wo baen 
renowned as liigUly advantageous as an external apfjii- 
catioa to indurated scrofulous tumors, ulcers, aodlnaiiy 
eruptive diseoses, owing to the trace of iodine^ as well 
as ofidcacioh%and beneficial when taken mterneJly^ for 
acidity, dyspepsia, et cetera — if so, why not take the 
active ingi’edicnt per $e at home f 
Dr. Booker thus apostrophizes the Holy Well — 

Ever could I stray 
Eofilde thy stream thou purest spring that fiows ; 

Cliini) each hold eminence, and daily find 
Soin« object now for wonder — ever goae 
On tlic wdo scene around me, and regale, 

When thirst demands, or pleasing Uisto invitea, 

At thy clear rill that sparkles at my foot, 

And tiiink it luxury* 


ChimioaMy it is not purest spring 13M flows^ 
that of St* Ann bebg much purer, ^i^oetkiHljr, how- 
ever, it may bo. 

Siliehua Wooers.— Most mh^eral watm contain 
traces of aOicic acid, but some h<^ld it in aoelh quantity 
that the term siUdotis is applied to them* In the 
boiling springs of Geyser and Heikum in Iceland it 
amounts to nearly the half of the solid eonstituonts. 
The action of such water — erf course the silica is 
united to an alkali’— will be wmilar to those of the 
wda or potassa waters. Annexed aiw analyses of 
several of the most imjrojrtaut iiaineral waters on the 
Continent: — 




.Sinadol 

KntM. 

SeltAri, 

OaBtoin. 

TpplItE, 

WUiUmA. 

KUUniTBtt 

K^ewmiivla , 

il^nnwf 



Cftrl«bad. 

IveMwlbrunpnn. 


Haiipi^uoU^, 



brunpen- 

TrlnbquoUo 



T^nip. Kl® 

Temp, Jlfl* 

T«inp. flU 5 « Toinp. M* 

Tflunp. 1 0' 

T«inp. flOi* 

T«tnp, biff* 

Tcnipiai-A** 

I'Mnji, a?* 



«p. |{r. 7. 

gr. 100^. 

BP gr. i OJi)0. Bp $r. 

«p.gr. l’('(U60. 

BP gR 

*p. gr. 

«p.|a 1‘Ogtf. 


Csvbonatc of bary 1 a, . . . 

. — 

0*03 

— 

, . — 

.. — 

— 

— 

. . — 

— 


iron, 

. 0*‘27 

0*2G 

1*54 

.. 0*22 

. . 0-37 

0*20 

6-80 

. . 3*64 

4-90 


lithia 

. 



— 

. . — 

.. 1-82' 

— 


. . ' — 



4( 

lime 

. 23*70 

11*40 

18'G7 

. , 3*97 

. . 3-25 

3-40 

35-50 

.. 6-13 

69-88 , 


Tri.'uigiines^e 

,. o*0(; 

0*03 

**4- 

. . trace* 

. . 0*80 

-r- 

trace 

, . 6*54 

,0-48 

U 

niagncMa.. 

, 33*61) 

7*S<3 

1.5*l)5 

. . 0*35 

. . 0-.53 

0*70 

26-00 

. . 4-73 

3*23 

(* 

89da, 

, 0d*9/> 

107*, 50 

58*55 

. . 6*90 

.. 26*84 

6-30 

8 20 

, . — 


n 

htrouliu, . . 

. 0 07 

0-10 

trace 

. . trace 

. . 0-19 

— 

tra(’,e 

. . — 


Sulphate 

of lime, 

— 


— 

, — 

, . — 

— 

25-00 

. . — 

72*21 

i* 

litlna, 

, -- 

— 

— 

— 

. . — 

— 

— , 

. . — 

0-09 

(( 

magfieKia, 

. — - 

— 

— 

. . — 

. . — 

— 


* . — 

26-07 

n 

potaesa, 

. — 

5*40 


. . 0*,5,5 

.. 4-.34 

0-20 


. , — ' 

. 0-42 

*< 

Boda, 

. 19HG9 

— 

2-48 

.. U'95 

. . — 

4-00 

20*00 

. . — 

21-4.5 

It 

BtruiUia, . . 

. — 



— 

. . — 

. . — 



. . — 

0-20 

PhoR])hato ofalummii, .. 

. 0*02 

0*UJ8 

— 

— 

. 0*22 


— 

. . — 

0-14 


lime,. ., . 

. 0*01 

— 

— 

, . trace 

. . — 

— 

— 

. . — 

— 


Kodti, ... . 

— 

■ — 

2‘81 

. , — 

. . trace 

— 

1*70 

— 

— 

Chloride of ammoniuju,. 

— 

— 

— 

, . — 

— 


0-50 

. . — 



csilciuiii,. . 

. - " 

— 

— 

. . — 


— 

— 

.. 25*61 


“ 

lithium, .. 

. 

— 

— 

. , — 

. . — - 


— 

. . 0-,5G 

— 


maguo.diiii\ 

. 


— 

— 

. . — 

— 

68-50 

. . 6-79 

11-26 

u 

potaBKiurn.. 

. 

0 45 

.3-58 


.. 1-04 

— 

9-10 

. 4-07 


u 

eudimn,. ... 

. 79*75 

76*34 

ll>2*^5 

. . 3*40 

. , 4*33 

18-20 

620-50 

.. 596-63 

— 

Iodide of magm-isium,. 

. — 

— 


— 

. . — 

— 

trace 

— 

— 

li 

wxhiim 

. — 



— 

. . — 

. . C*5G 

— 

— 

.. 0-44 


Bromide 

oi ui.igucMum, 

— 

— 

— 

. . — 

. . — 

— 

7-00 

. . 66*02 

— 

Fluoride of rabdum, . . .. 

. 0*24 

0*019 


— 

. . — 

— 

— 

, — 

— 

<4 

sodium,* .. 

— 

— 


. . — 

. . 1*30 

— 

— 

. — 

— 

Alumina, 


. — 

— 

— 

. . 0 .50 

. . — 

— . 

1-80 . 

. 4-32 

— 

Silicic acid, 

. 5*77 

4*14 

2*89 

. , 2*02 

.. '3*12 

3-90 

22-.50 . 

. 0*31 

4-OC 

Olaii'ine, 


— 

— 

— 

, . trace 

. . 0-90 

— 

5-30 . 

. 14-72 

— 



419-22 

213*567 

209*32 

25*96 

49*61 

35*00 

867-40 

760-53 

206-19 


Sea Water — Aqua Marina.— -TI iq waters of the 
ocean and inland seas are'coinjrriscd under this head. 
It is rather a rcmarkublc fact that tlic Dead Sea differs 
greatly in its constitution fiom sea- water, and might, 
as stated Iry Pereira, to whoso excellent work the 
Editor is indebted for most of the preceding valuable 
information, be ranked amongst mineral waters. 

According to the analysis of Marcjet, the water of 
the Dead Sea contains 24*6 per cent, of fixed matter, 
and possesses an extraordinary density, 1*211 — 

r^MVtentod, 

CMoridc of Rodium, 10’360 

** calcmm, 3*920 

magnesium, ....... .... 10’24C 

Subhato of limr*, O-OM 

Water, 75*420 

100*(K)0 

The amount of saline considerably in 


different seas, as instanced by the following results from 
Pkaff. Tlie solid constituents are in ten thousand 
parts of the water of each : — - 

Mediterranean AlO 

Eiigli.di channel 380 

f At the lalkiid of Fohr 340 

1 “ of Nudertiey . . 34**1 

I Tri the Fiith of Forth. 312 

i. At Kibseblittel 312 


German ocean 


Baltic Sea. 


At Apenrade iu Slo&wick. . ... . . 216 

At Eiel in Holatein 200 

At Poberan in Meckleubcrg. . . . 168 

At Travenmiiude 167 

At Zojrpot in Meckleriberg .... 76 
At CarlBham $6 


To assume that iho average quantity of solid matter 
is three and a Italf per> cent., aojd th^ density about 
1’0274 will be very near tbe. mark* 
j Annexed are the analyse exf !SoHWEiTr*l5» an4 
1 Laureks, of two samples ^ s^^wafior , 


WATER: ^Artwkjui. and Aekateo, 


Eoglhh ChMmsl. Vedlt«irAn9«B. 
fichwdtMT. Ltturtoo*. 

Chloride of sodium 27»059i8 ,. 27*22 

Chloride of jiotaBsium 0*70552 . . 0*01 

Chhtrido of mAgueeiuin 3*0G65B . . 6*14 

Bromide of magnesium * 0*02010 .. —* 

Sulphate of magnesia 2'29578 . . 7*02 

Sulphate of limo 1*40602 . . 0:15 

Carboiiate of lime 0*03Ji01 "t o 20 

Curhouato of magnesia — j * 

Waior,,.,.* 904*74372 .. 959*26 

1000*00000 1000*00 

SoUWEiTZEH algo detected iodine and ammpnia, an4 
Balaud found iodine in the Mediterronoan ; and no 
doubt it contains bromine and other constituonts. In 
fact MaIaAGOTI detected silver in sca-water. 

To render such water fit for drinking, it is eyident 
that tlie greater part oi these saline constituents must 
be removed ; and, as Tomlinson remarks, it has long 
been a desideratum to enable ships’ crews to employ 
sea-water for difierent culinary purposes, with the view 
of removing the necessity of carrying large supplies of 
fresh water. Almost innumerable are the contrivances 
invented to meet tliis end, and, according to the above- 
cited autliority, the most effective is Grant’s, by which 
the cooking of victuals and the purifying of water are 
carried on synchronously. The appai*atus is called 
the distilling and evoking galley. The galley contains 
the fires and vessels neetjasary for cooking. During the 
time when tlie fires are ignited, a portion of the heat is 
apidiod to the external pait of vessels containing sea- 
water; the water boils, and steam distils over, leaving, 
of course, the salts in the still. Tlie steam condenses 
in a worm, and is nearly pure water, which, of course, 
is vapid ; but the taste may be improved by access 
to open air and agital,ion. Where steam-power is 
used, Grant’s apparatus affords a ready and effective 
means of separating fresh-water from salt. Pereira 
says that Clark’s patent improved pyrohydropiieu- 
matic apparatus for easily converting sea-water into 
fresh is a convenient form of still adapted for sea 
service. Congelation separates fresh from Bea-wat(3r. 
In freezing tiie pure water only congeals, not the saline 
ingredients; hence the icc of the polar seas yields 
f.esh water* 

Physiological Effects and Uses. — Sca-water taken 
into the stomach excites thiret, nauseates, and in large 
doses occasions vomiting and purging. The repeated 
use of it in moderate doses has been found of service 
ou account of its alterative and resolvent operation in 
scrofulous affections, especially glandular enlargements 
and mesenteric diseases. Its topical action is more 
stimulant than ordinary water. It is used as an 
embrocation in clironic diseases of the joints. Baths 
of it are not so exhausting as those of common water. 
It is a popular opinion, perhaps well founded, that 
patients are less likely to catch cold after the use of 
salt than of fresh water. — Pereira, 

Artificial and Aerated Waters.— About forty 
years ago, when the fabrication of mineral and spa waters 
commenced, a very violent opposition arose with regard 
to them, especially from the members of the faculty* 
They were said to be devoid of all tlie good qualities 
of the natural ones — to be minus a certain conditio sine 
qua non^ in the shape of a spiritus or vital fwce, 


which imparted the mediclnd qualities. The -Bditor has 
lived to see such statements reversed. Chemistry, the 
great re vealer of hidden treasures, baa demonstrated to a 
certainty what the constituents of the natural waters 
are; and thus one is now enabled to prqsUice artificial 
waters quite equal, if not superior to the natui*al ones. 
At the Brighton pump-room many artificial waters are 
prepared imitative of those of Carlsbad, Pyimout, 
Vichy, Kreuzuach, Ems, Seltzer, and many others, 
too numerous to detail. Messis. Ellis of Euthin 
prepare a beautiful imitation of the Seltzer v?ater whicli, 
on being analysed by the Editor, yielded exactly the 
same oonstituents as the far-famed Bohemian spring- 
The artificial is certainly more palatable than the 
natural water, owing probably to the freshness of the 
carbonic acid infused into it by tho admirable apparatus 
of Tvler, which will bo explained further on. To dwell 
particularly on artificial waters would be tedious and 
uninteresting to tho reader; it is sufficient to state that 
in their manufacture tho salts, in the same proportion 
as contained in tho natural spring, are dissolved In as 
I pure a water as possible, and are then more or less 
charged with carbonic acid or otiicr gases, 

I It was Priestley who, in 1772, proposed to iraprog- 
nato water direct with carbonic acid, and in 1774 
prescriptions for the artificial production of Sclters and 
Pyrmont waters, founded on an accurate analysis of the 
same, were published by Bergmann. 

Some years ago LiEiiia analysed the ‘F riedrichshallcr 
water, and it is now prepared in large quantities exactly 
with tlie salts, ei cetera, and in the same proportion 
as given in his results ; and if one may judge by the 
success the imitation has mot with, tho artificial has 
almost entirely supplanted the natural beverage. The 
Editor may here remark, that it is to a certain extent 
immaterial whether one dissolves carbonate of magnesia, 
carbonate of lime, sulphate of lime, chloride of sodium, 
sulphate of soda, et cetera, or, on the other hand, chloride 
of magnesium, chloride of calcium, carbonate of soda, 
and sulphate of soda, if care bo taken that the propor- 
tion of the respective bases and acids are strictly in 
accordance with the figures given by analysis ; since 
they will, in all probability, combine in tho same 
manner as they are associated in the natural spring. 
The rapid increase and spread of the manufacture of 
artificial waters, is the best proof that physicians fifid 
tho medical and therapeutic effects of them are identical 
with those of the natural ones, whilst their identity in 
a physical and chemical point of view can hardly bo 
questioned. 

Now that the chemist is able to distinguish the 
ingredients actually efficacious in a water, a much more 
active mixture than the native spring can be prepared. 
To show tho extent to which the manufacture of aerated 
waters has advanced, Messrs. Ellis and Son, the cele- 
brated manufacturers of soda and other carbonafed 
beverages, inform the Editor, that at Euthin alone, 

I North Wales, they send out yearly many thousand 
I gross of effervescing leverages. So that with other 
factories at Xioudon, Ikjfalvero, Liverpool, Manchester, 
Glasgow, et ect&rth the trade has within the last few 
years, become an enormous one. 

Soda- Fofer.— This is certainly the princfipal aerated 





liei 


I \^Jttor manu&etur^d. How many thotisan^a 6r millions 
jof bottlos of it are drunk anntmDy either alone or mixed 
with simps, wines, or spirits? The materials for soda 
water are cathonate df soda and tartaric acid. 

It is a vf elf-known fact that a large portion of the ' 
SODA water in general nso is simply carbonated water, 
without the alkali, and as such, is a safe and agreeable 
beverage ; but the physician, or the invalid, or any one 
who seeks therapeutic ahd corrective influences of the 
water, will be greatly disappointed in the use of these 
fluids, as they are inert, and for such purposes worse' 
than useless. It is difficult to find a person who is not 
subject to occasional annoyance from acidity. To such 
an individual a glass of soda-water has been found to 
impart immediate relief. The carbonic acid appears to 
produce a peculiar sedative action upon the irritated 
mucous lining of tlie stomach, and the alkali neutralizes 
tho excess of acid, and restored the organ to a condition 
of comfort which few but those who have suffered from ' 
tho annoyance of heartburn can appreciate. Dr. 
j IhixCE Jones, in a treatise upon gout, strongly re- 
! commends the use of soda or potossa w^aters, hut 
lannmtfi that tho waters so-called in commerce are not 
I alkaline at all ; and numerous physicians of eminence 
have exjavssed tho same complaint. 

Some time ag(» the Editor was greatly pleased in 
inspecting the admirably conducted establishment of 
KijJS at lliithin, North Wales. Everything was so 
nice and chjan ; and, as for the water employed from a 
deep and splendid well npon the premises, it might be 
said to bo absolutely pure ; and it is on this account 
tliiit he considers the Bo<la, potassa, and other beverages 
prcpar(!<l in these works euporior to any other in the 
market. Messrs. Scnwr.i'PE and others, no donht, 
manufacturo equally well ; hut they do not start with 
j ri/i pure a fluid. The quantity of soda or potassa in 
I , each ])otllo at Ruthin is twentydive grains of the bicar- 
I honatc of cither alkali ; and the carbonic acid is equal 
I to about two hundrcfd and fifty or sixty cubic inches, 

! showing lijow well the gas is compressed. Tho water 
from tho well only holds two grains of solid matter in 
solution, and has not a trace of organic matter j hence 
it is not liable to altcrato or decompose, if kept for any 
length of time. The apparatus will now be described ; 
an^ for the following, the Editor is again, as in several 
instances, indebted to Tomlinson’s excellent Cyclo- 
pedia, 

Ari elegant little apparatus has been brought into use 
within tho last few years, patented by M. Mathietj, 
as an improvement upon an earlier invention. It is 
calculated for the preparation of aerated beverages 
in private houses ratlier tlian for sale, since it can 
yield but a small quantity at a time. There are two 
oval glass vessels — the larger ono placed vertically 
over tho smaller. There is a passage of communica- 
tion' from llie ono to the other, and in this passage 
there is a tap for drawing off the aerated liquid. The 
upper or larger glass is filled with water by removing 
the cover; and lie lower or smaller glass is supplied 
with the powders, Tliese powders are, as in other 
cases, /of dificrent kinds, according to the sort of 
beverage to be produced. A sm^ll pip© descends 
from nearly the top of the upper to iiearly tho bottom 

^ 


of the lower vessel \ a little water deepends through 
tliis pipe, mixes with the powder, and produ^ gftSes ; 
and these gases asoend to the water .^n thp tipper 
vessel. Of course, such gases only as ate soluble in 
water are generated. The gas chiefly used is carbonic 
acid, of which water will absorb its own bulkr by 
pressure can be made to take up another vohtme. As 
the gas accumulates In tlie up|)er vessel, the pressure 
increases, and the water is thus enabled to take up Us 
additional supply. The two vessels are generally sur- 
rounded with a netting of wire or cane for security. 
In the simpler forms of the apparatus, nothing further 
presents dtself ; but in M. Matmied’s improvement 
tliere is a refrigerating contrivance. The uppefr vessel 
is surrounded by an external shell and sheatl), so as 
to leave an intervening space; and into this may 
be introduced either loe, or cold water, or freezing 
mixture. 

Gaillaud and DuBOls^ gazogene, or aerated water 
apparatus, is a much more complicated contrivance. 
It contains three distinct chambers or vessels — one for 
the water to be aerated, one for the effervescing pow- 
ders*, and one to contain a small quantity of water 
which is to act upon the powders. It is necessary to 
separate all three vessels when the apparatus is to be 
prepared for use; and this is One cause of its com- 
plexity. \^9ien all three have Jbeen properly supplied, 
tlie finger is pressed upon a stud or button at its top* 
This pressure opens a valve which allows the water in 
the fcmall upper vessel to descend into the one con- 
taining the powders. The gas, thus generated, can 
only escape from the powder- vessel by descending" a 
small tube which dips into the larger one; and tho 
water with which this larger vessel is nearly filled 
becomes impregnated with the gas. A second finger- 
stud governs the valve of a small pipe, which enables 
the aerated water to flow from the apparatus, which 
is elegant in construction, but lias not the elegance of 
simplicity. 

Mr. Master’s aerating machine is similar in prin- 
ciple to Matiiieu’s, though differing in details. The 
powders are placed in the lower part, and the water in 
the upper ; a little water descends to the powders, and 
the generating gas ascends. A stud, acted upon by 
the thumb, draws off the beverage when required. 

Messm. IVler, Hayward and Company’s patent 
double soda-water machine is adapted for bottles, and 
can make three hundred dozen per diem. There are 
two distinct machines in one frame, which can be 
worked together or separately. It consists of a con- 
denser divided into two by a partition inside. Each 
half has an agitator, worked by a wheel. There are 
two condensing pumps, with regulating taps for admit- 
ting aerated water. The pumps arc worked by a beam, 
Tho beam, by its reciprocating motion, causes the 
plungers beneath tho pumps to ascend and descend in 
their barrels, forcing at each successive stroke the gas 
and water together into the condenser. About ten 
minutes are required to get the charge up, and the 
bottling then goes on uninterruptedly. 

Messrs. Tyler and Son have invented single and 
double soda-water machines of Ingenious construction 
Hr. W. Oox of MaUchester has patented an apparatus 
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^ which tho impregnating gas may be sustained at a 
Ittressm^e suifiGiont to cause its absorption by the water 
without the aid of force-pumps. Bakewbil’s appa- 
ratus is another contrbanoe, applicable to tho preparas- 
tion not only of ooOHng drinks^ but of efforvescing 
draughts also, whether tonic, aperient, diuretic, ant- 
acid, or peotic. In short, every aerating apparatus 
may be .said tooamprise these two parts— *one to pro- 
duce a gas, and one to miE it with plain water, or 
water containing oarbonates of soda, potassa, magnesia, 
et cetera^ or orangeade, lemonade, gingcrade, and the 

! like. 

I ANAtYSis OF Waters.— of Testing for and 
Determining Nitrous and Nitric Acids , — Almost all 
river waters, and especially the shallow well waters of 
towns, contain variable quantities of nitrous and nitric 
acids generally in combination with lime, as nitrite and 
nitrate of that base. Tlieir constituents have hitherto 
been generally overlooked by analysts, but on tlicir 
prcHence and quantity tho chemist may form a more 
correct idea as to tho contamination of the water by 
otgaiiic matter than by any other means. The Editor, 
there/bre, attaches tho gi'catost impoi-tanco to the de- 
termination of these constituents, especially when the 
water is selected for domestic use. 

It has been previously stated that ammonia is one 
of the principal producta of tho deeompositiipi of animal 
matter. This ammonia very speedily becomes oxidized 
and converted into nitrous acid — NO^ — which, by 
longer exposure, is further oxidised into nitric acid 
— NOft. Tho above-mentioned acids depend for their 
origin on the presence of organic matter capable of 
yielding ammonia, and the solvent action of waters upon 
lead, is almost entirely due to these acids. 

Method of Determining the Hardness of Water , — 
The so-called hardness of a water is dependent, as 
already stated, upon tho pi*esence of a certain propor- 
lion of tlie salts of lime and magnesia, wLicIi possess 
the property of decomposing an equivalent quantity of 
soap, and rendering it useless as a detergent. These 
Halts are bicarbonates of lime and magnesia, and the 
sulphates of the same basis. The former impart to 
water its temporary^ and the latter its perjnamnt hard* 
ness. Tho two bicarbonates are decomposed by boil- 
ing ; tho insoluble monocarbonates, being deposited, 
and, mixed with small quantities of the other mineral 
constituents, form the incrustations wliich arc frequently 
observed on kettles and boilei-s in which hard Avater is 
employed. In order to determine tho temporary and 
permanent hardness of water, tho following method is 
adopted : — 

Into a six ounce stoppared bottle put one tlmusand 
grains of water ; agitate briskly, and suck out the air 
by means of a piece of glass tube. This is necessaiy^ 
in order to remove the free carl)onio acid, which might 
interfere with the soap test. Fill the graduated burette 
With soap test solution, add one measure, and agitate 
j briskly. If no lather is produced, add more, and shake 
again^ Continue adding the soap-test till a permanent 
lather is produced. Even in moderately hard water a 
white opalescence api)ears immediately on adding a^ few 
drops of the test, and a white curdy mass w3l be, seem to 
collect on the eurfacej Pure soap, auoh as is WM in 


making the test solution, is a stoaratb or palmitate of 
flod$, which is readily soluble in pure water ; but when^ 
it is added to a water ooiitaining salts of lime and* 
magnesia, tlie soluble soda-soap is decomposed, and an 
insoluble soap of lime and magnesia produced, Tho 
decomposition is represented in the following equa- 
tion ; — 

NaO, St. -h CaO, SOg. = CuO, St. -j- KaO, SOr. 

r — • — * — s , — ^ 

SUiHrato of BodHi Su4)htito of Ihua. Btoat;atQ of llnio, Butphato olvotlo. 

Uo»p ) 

A similar decomposition takes place with soluble salts 
of magnesia, and hence, when hard waters are used for 
washing, not a particle of soap will act as a detergent 
until the whole of tlm lime and magnesia is removed. 

In accurate analysis it is importaut to make a double 
determination of the hordnesft — one before the water is 
boiled, ami anotlier after a portion has been boded for 
about six hours. The degree of hardness after boiling 
represents the hardness duo to sulphates and chlorides 
of the alkaline earth metals, Avhile tlie diflcrence betwxcn 
the hardness obtained after and before ebullition indi- 
cates that which is due to tho carbonates of tliose 
metals. For examf^le, if a w)itcr has a hardness of 
fonrtebn degrees before boiling, and of four degrees 
after, tbe water is then said to have a temporary hard- 
ness of ten degrees, and a permanent hardness of four 
degrees. 

That the detenuination of the hardness of water is 
important cannot be denied, since it furnishes a certain 
guide to the proper association of the acids and bases 
when one comes to arrange tbe results of a complete 
analysis. But until chemists are agreed upon the 
character of a type water, its true value cannot bo 
properly apj)reciated. 

Determination of the free Carbonic Acid in Water 
— Water Avhich lias been allowed to stand for some 
hours in an open vessel becomes insipid and mawkish 
to the taste, or in popular language, it is flat. This is 
owing to the escape of carbonic acid, which occurs in 
many spring and well waters. Hence, in giving a 
correct opinion of the value of a water for dietetic 
purposes, it is sometimes necessaiy to determine the 
number of cubic inches of free carbonic acid in a given 
measure of the water* This is an operation wbj^ch 
ought to be performed at tbe source, and is best done 
in tho following manner: — A well-stoppered glass 
bottle holding a gallon is required for iJjc purpose. Put 
into it two fluid ounces of strong ammonia, and two 
fluid ounces of a saturated solution of chloride of cal- 
cium. If both materials arc pure, the mixture will 
remain perfectly bright. After observing tliat no 
milkiness is produced, depress tho bottle into the stream 
or well, and fill it gradually, taking great care not to 
dip tho neck entirely beneath the surface, but only 
partially, so as to allow space for the air to pass 'eut, 
while the water is flowing in. This precaution is 
esscnlialjy necessary, since, if the water were to be 
agitated by tlie air escaping from the buttle, much of 
the free carbonic acid wouldbo expelled hy the agita- 
tion so occasioned, and hence erroneous results would 
be obtained. ' 

After catofwHy flBJnfir tia® bottle witli the water, it is 
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to bo 8topp<^ixid Biid loft foi three or four days. After 
tUAt time, the whole of the carbonic ecid will have been 
precipdtal^d in the form of .carbonate oflime* This is 
to be tutored off, dried, and weighed* From the total 
weight of the precipitate is calculated the' quantity of 
carbonic acid according. to the following foEmula— • 

50 : 2C : ; the weight of carboimto of lime : x 

The value of a? will give the quantity of carbonic acid 
contained in the water. 

Some, however, of this carbonic acid is in com- 
bination with lime and magnesia, and it is therefore 
necessary to doternuno the quantity, in order to ascer- 
tain bow much exists in a free state. This requires a { 
separate operation. A gallon of the water is introduced 
into a largo glass flask, and boiled for six Lours, The 
diminution in bulk occasioned by evaporation is made 
up with pure distilled water. The precipitate pro- 
duced by boiling is collected on a filler, and the 
portion adhering to the bottom of the flask is dissolved 
l»y a lilllo dilute hydrochloric acid. The precipitate 
on the filter is dissolved, and the two solutions mixed 
together. Tlio solution will contain traces of silica, 
iron, alumina, and plios]>hat6, which may be disregarded; 
its chief components arc carbonate of lime and carbon- 
Mto of magnesia, which being separately determined, 
their weight is to be deducted from the weight of the 
]>rceii)itiite obtained from the l)oLtlc in which the 
ammonia and chloride of calcium had been used. 
From the difference may be calculated the quantity of 
carbonic acid per gallon. One grain by weight mea- 
sures as neaily as possible two cubic inches. There* 
fore, if the difference in the weights of the two 
precipitates amount to a weiglit of carbonate of lime 
containing twenty grains of carbonic acid, the water 
will be proved to contain forty cubic inches of that 
gas in a free state per gallon. 

Determination of the Alkalinity of Waie;r. — J3y the 
alkalinity of water is understood the quantify of potassa 
or soda which may be present in combination with 
carbonic acid. For ordinary drinking purposes it is 
quite unnecessary to perform this operation, but when 
vvaterisused for brewing, dyeing, and starch-making, the 
presence of tlie alkaline carbonates is a matter of great 
consequence. The following raotliod, though by no 
melans perfect, is generally adoplct^ Two gallons of 
the w-ater are evaporated in a large platinum dish down 
to about four fluid ounces. This is filtered fi'om the 
deposit, colored with tincture of litmus, and then 
neutmlized by a standard solution of sulphuric acid, 
contcining in a hundred cubic centimeters as much 
acid as will neutralize one grain of alkaline carbonate. 

Determimtim of Chloi'im* — Half a gallon of water 
is evai>orated to about four fluid ounces. Dilute nitric 
acid is then added to dissol ve the precipitated carbonates. 
The*whole is transferred to a beaker glass and flltorer, 
th.o filler being tlioronghly washed. To the solution is 
now poured in a alight excess of nitrate of silver, which 
throws down all the chlorine as chloride of the metal. 
The menstnitfoj ia now boiled, filtered, and the preoipi-* 
late well washed with hot distilled water, then dried at 
212®, ignited in a porcelain foible, and weigliod— - 
143*6 of chloride of silver oontaih of chlorine, 

i0 


nm 


In determining the chloride of silver, coU- ‘ 
taining it should be completely exsicOat^ 
very gently in the porcelain crticible'pws 
ceases to bum, the carbonaceous tim 4lt^ 

should be sliglitly moistened with coticepti^fod nitric 
acid, and again burned. By repeating this frooeiiiB 
several times, untU all the carbon iff Hie filter is 
destroyed, any loaS of chloride of c^ver will be avoided; 
but before weighing, it is well to moisten the residue 
with hydrochloric, acid, and ignite, in order fo convert 
*any reduced metal into chloride. 

, Detei^iination of Sulphuric Acid , — Half a gallon of 
{he water is, as in ilie preceding instanOe, evaporated 
to three or four ounces, and acidified chloride of baTiUm 
is then to be added, and the whole boiled, and' left for 
twelve or more hours in repose, tlien filtcredy .and the 
sulphate of baryta waeJied thoroughly and drie^ 
of sulphate of baryta represents 40 of sulphuric acid. 

Directions for detemdmny in Water ih4 Non-volaiUe 
OrgamcMattcr — SiUot^lron^AluminaandPhi^fh^ 

Lime and Magnma, — Evaporate slowly half a gallon 
of wafor to about a j>int, over a gas flame ; then transfer 
tlie dish to a sand-bath, and continue tlie evaporation 
till the bulk is reduced to about tioo fluid ounces. Now 
accurately weigh a clean platinum dish. Scrape the 
deposit carefully from the bottom of the porcelain basin, 
and nil) oft' that wbioli cannot be removed by the pla- 
tinum knife wiUi the middle finger ; rinse the whole 
into the platinum dish, and then evaporate to dryness 
on a water-bath. Be careful to observe that every 
particle of the deposit is removed from Hie porcelain 
vessel. When the rcsidao is dry place the dish in an 
air-bath, and heat it for half an hour or an hour at a 
temperature of 2G0®. * 

llic object of heating tlie residue to this temperature 
is to expel the water of crystallization combined with 
sulphate of lime, which is almost an invariable consti- 
tuent of well and river waters. Note down the weight. 
The dift’orence between the weight of the basin when 
crhpty and that of tlie dish and residue will, of course, 
represent the actual weight of the residue in half 
gallon of the water. The residuum being thoroughly 
desiccated and weighed, place it on a platinum triangle, 
over a good gas flame, or Ibo flame of a Berzelixts lamp, 
and ignite until the blackening produced by the car- 
bonization of the non-volaiilo organic matter disaivpcars, 
and the mineral constituents ore white. The time 
required to produce this change should bo carefully 
noted. If nitrates or nitrites be present, as is invari- 
ably the case in waters containing sewage atwl other 
animal matters, then gently facilitate combustion of the 
organic matter, and the residue becomes white in a few 
moments. 

On the other hand, if the water be ooritatUinoted 
with organic matter which has undergone but little 
decomposition, and especially if urine be present^ 
carbonaceous residue will require very lengthened 
ignition in order to consume the carbon. If it be 
necessary to heat to redness for any length of time, 
some of the carbonic acid in combination with lime ^ 
and magnesia will be expelled, and consequently the 
loss of weight occasioned by the ignition would not 
cormcHy represent the actual quantity of organic 
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matter. It is, therelmi n^i^ry te noaarb&mU the 
lime and magnesia^ . This l|» doim :by moisteping the 
residue with a few drops pf a strong solution of qar- 
bonate of ammonia, again, drying it at 260*" till 
it ceases to lose weight Vbe dish being now weighed 
again, and the weight noted, the difference will 
represent the quantity of non-volatile organic matter 
present with the mineral constituents. By the con* 
tinned ignition which is necessary to burn the organic 
matter, the Bllka is rendered p&rfeoHy imclvbU, To 
the residue in the platinum dish is now added a fluid 
ounce of water, and, drop by drop, strong hydrochloric 
acid — abottt one in two fluid drachms— until oflerves- 
ccnce ceases. Particular attention should be paid to 
the odor of the gas evolved; if it smells of sulphide of 
hydrogen, this will be a further indication of the con- 
tamination of the water hy animaljr^fuse* 

After the effervescence has ceased, the dish should 
be gently heated on a water-bath and the sohifion 
liUered. The silica left on the Alter should be washed 
Well with hoi distilled water, till a drop of the washings, 
evaporated on a platinum knife, no longer' leaves a trace 
of residue The Alter containing the silica is dried, 
ignited in a weighed platinum crucible until the whole 
of the carbon is consumed, and then weighed. The Al* 
trate from the silicic acid, after the washings have been 
abided, is to be neutralized and made slightly alkaline 
with ammonia. The iron, alumina, and phosphates of 
tire alkaline earths are precipitated, then Altered and 
washed with the same precautions as given in the 
determination of the silica, and when dried, weighed. 
As the iron, alumina, and earthy phosphates occur in 
water in very small quantity, rarely exceeding together 
a grain per gallon, it is for general purposes quite 
unnecessary to separate them. The precipitate pro- 
duced by ammonia is usually recorded as irorty alu- 
minaypho^hates. After the precipitate is completely 
afftised, and the washings are added to the Altrate, the 
lime is next to bo thrown down, and this is done by 
adding oxalato of ammonia in excess ; allow the whole 
to stand till the supernatant fluid becomes bright. Add 
the washings to the Altrate. 

The precipitate is to be dried, ignited, and weighed. 
By ignition the oxalate of lime is converted into car- 
bonate, and is weighed%8 such. The following decom- 
position occurs during ignition ; — 

CaOCyOa + CaO COa -f CO 

"A r -N - ^ * 

OxnU&titt of Ume. OarUmaM of Ume. Carltonlo uxldo. 

As a portion of the carbonic acid of the carbonate of 
lime might be driven oAf during the heating, it is advis- 
able to moisten the residae in the crudblo with strong 
carbonate of ammonia, once or twice igniting after 
each addition, and taking the weight when it becomes 
constant. Fifty of carbonate of Kme represent twenty- 
eight of lime. The washings being evaporated and 
add^ to the Altrate, about half a fluid ounce of a solu- 
tion of phosphate of soda is added, and the menstruum 
allowed to repose for twenty-four hours in a mode- 
rately warm place. The magnesia is thuspreofptinied 
as phosphate of magnesia andiumnonia---^2]d^,JiilHfO, 
PO«. This salt must be well washed with dilute am- 
monia— -one part alkali to six of water— dried, ignited, 


and weighed. By burning, the precij^itate Is con- 
verted into pyrophosphate of inagnhdar;^2]K!!^ TQ^rr 
from which the quantity of magne^h is ascertained. 
One hundred and twelve of the pj’TOphb^hate contain 
forty of magnesia* 

DetemdneUion of the Alhalks , — The determination 
of the alkfijine salts in water is generally omitted iu 
ordmry analysis ; but it must be acknowledged that 
when water is required for ceiiain purposcjs, as for 
instance, for brewing, it is very important to detormine 
not only the quantity of potassium and sodium present, 
but especially the form in which they occur, whether 
as chlorides or as carbonates. For brewing purj)oscs 
it is usually considered that waters containing snlplialc 
of lime are best suited for the manulacture of pale ales, 
since beers made with seloiiitio waters arc paler than j 
those made from water free from gypsum ; but nolwitli- | 
standing the presence of sulphate of lime, if potassium j 
and sodium be there as carbonates, it is impossible to i 
obtain a pale infusion of malt, owing to the alkaline i 
carbonates extracting certain constituents which are 
not soluble in water free from alkalies. The following 
is the best method of determining llio alkalies. Half 
a gallon or a gallon of water is evaporated to diy- 
ness in^a porcelain dish in the usual manner. The 
residue is dissolved in hydrochloric acid, and eva- 
porated on a wator-batli to dryness. The sohihlc 
constituents arc then extracted by water, and to the 
aqueous solution is added an excess of baryta water. 
After the precipitate has subsided, the solution is 
Altered, and to it is added a very slight excess oipurc 
carbonate of ammonia. The excess of baryta thus 
precipitated is Altered off, and the solution which now 
contains only the alkalies, as chlorides, is evaporated 
to dryness in a weighed platinum disli^ to determine 
tlie quantity of mixed chlorides of potassium and 
sodium. The weight being noted, the chlorides have 
now to be separated. ^This is accomplislied by dis- 
solving in water, adding excess of bichloride of pla- 
tinum, and evpporaiing to dryness on a water-bath. 
The mixed platinum salts are now treated with alcohol 
and ether, Altered and washed with a mixture of ether 
and alcohol till the washings come tlirough perfectly 
colorless. The precipitate of bicJiloride of platinum 
is then weighed, and the quantity of chloride of potas- 
sium it represents is calculated. This is deducted 
from the weight or mixed chlorides, the actual quan- 
tities of potassium and sodium calculated. 

Having now determined the actual proportions of all 
the ordinary acids and bases present in the water, one 
has then to ansociate the acids and bases together 
as salts, in the form in which they piobably existed in 
the water previous to analysis. 

The association of the acids and bases is founded 
entirely on arbitrary rules, the usual plan being to unite 
them in tlie order of their respective afllnitios*— the 
strongest acids with the strongest bases. But 
obviously an incorrect method, since it is Often 
that two chemists oxujdyaing the same water vdll give 
entirely difterent althoAgli they may 

bolli have found the BSi|||wop^^ of the respective 
acids and bases ; the associate aU the sulphuric 

acid with potassa and soda, the other may place it with 
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of tho gmtoat indpomi^oe, wben ^or 

speddJ pij^‘p0668> 16 de^nploe »ot oiily ^e proportions 
of ocliis and 1)0666 pr^scdt^ Init iho fottn 16 wich they 
are ossooio^ed* In order to do this properly the analyst 
must have regard— Ist^ To the geolo^col characters of 
the sonr ce of the water ; 2<i^ to the nature 6f the country 
through which it flows; 8d, to the contaminations firom 
sowers and manufactories to which the water is exposed. 

|iain*Vrater, it is to be presumed^ cannot differ mate- 
rially in the nature and quantity of its impurities, but 
yet it has been shown that one rarely finds two river 
waters of precisely the same composition. In the water 
of the Bee, the analyst finds only about foui: grains of 
mineral matter, boeSuse the rocky soil ovfer which it flows 
is soluble only to a slight extent in native water. The 
water of the Trent flows over a soil abounding in gjq)- 
Bum, and consequently the water is very hard, while in 
the water of the^JThames, which flows through a line 
of country composed essentially of chalk, the prevailing 
constituent is bicarbonate of lime. The presence of 
a superabundance of earthy salts in water, exercises 
an influence of some importance in many of the indus- 
trial works of" the kingdom, and especially in browing. 
Paradoxical as it may seem, it is now an ascertained 
fact, that the hardest waters, that is, such as contain 
most earthy salts in solution, have the greatest extrac- 
tive power for the brewer; and further, that the 
chemical changes that take place between (jcrtain con- 
stituonts of the malt and those salts, serve in the case 
of ale brewing to fine the beverage in the natural way, 
without the aid of disgusting and corrupt siuji em- 
ployed for this purpose frequently. 

A glance at composition of the waters which are 
used by Allsopp and Bass, the Great Burton brewers, 
and by Teti^ev, of Leeds, et cetera^ gives at once 
the clue to the superior excellence of the manufactures 
of theso parties over ales made from such liquids as 
the Liverpool Pilce, which is not only devoid of earthy 
salts in the requisite quantity, hut contains an am/mnt 
of animal and vegetal matter in suck a state offermen- 
iationy that the action is engrafted on the glucose, and 
proceeds in the tun collaterally witli the alcoholic fer- 
mentation, which it ultimately modifies into the lactic 
and acid fermentation long after the natural ferment — 
the gluten of the malt— has been thrown off 
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Grelue, OniiiM. 

Carbonate of Hme, 15*51 1 

magnOMti 1*70 

** protoxide of iron, 0*70 0*03 

Sulphate of hme, 16*% 4*67 

poUwaa, 7*65 

“ Boda, " 18*06 

“ magnesia, 6*05 6*78 

Chloride of sodium^ 10*18 7*11 

“ magneeia, — . . , . . 4*74 

, Silica and lose, 0*76 V72 

^tal per gallon, 65*28 62*07 

The quantity of calcareous salts in the above watem 
is a proof of the ]bi|ti^QM action nf lime in the pre- 
paration of the 

Eusctrxoal article on water 
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would be incomplete without ma]i^ eo^a ^ to 
its electrical ptoperUes, whi^s^^e itot 
useful account in the numerous an4 
cations of electricity, but 4b6 perfotm W lUipoi^t 
pari; in the great phepoih^a Ur nature, B w<^ 
improper, periiaj^, to |mri!ciilarh^ under 
hydro-electric ma4^e, becaiM although in that ilppo^ 
ratus very large quantities of electepity are generated 
by the issue of steam through narrow apertures, the 
effect has been attributed by FAjUi>Ay to mere fric- 
tion, 4ind therefore exhibits ho nelv property of the 
water itself. It is in the eleotricity wi^eh it generates 
by contact with oxidizable metals in the galvanic 
battery, and in the variable conduotibg power of the 
liquid according to its greatm^ or less admixture with 
different acids and salts, that water assumes its chief 
importance in electro-chemical action. In the working 
of the battery, for example, it is the- decomposition of 
the water which accompanies the oxidatioh of the rino 
or other positive metal, and not the action of the acid 
or salt superadded, that really produces the etoofricity,. 
This was* demonstrated by KouLnAUdOH, who showed 
that the electric tension was the same at the pdes of 
two similar batteries, one of which wa* charged with 
distilled water and the other witli a mixture of water 
and sulphuric acid. The remarkable effect of certain 
acids and salts in increasing tiio energy Of the current, 
is chiefly dne to the peculiar property which they 
possess of increasing the conducting power of the 
liquid. The following table exhibits this property in a 
very striking light:— 

^ CfMiAuettnff pvnm 

Distilled water,. 0*0125 

Do. with 1*20,000 of nitric acid, ...... 0*075 

Sulphate of copper, saturated solution, 6*42 

Kulphate of ainc, do. 6*77 

Nitrate of copper, do. 6*66 

Chloride of sodium, do. 31*52 

Sulphuric acid diluted with eleven measures of) 

distilled water, j 

Nitric acid, specific gravity 1*31, 68*77 

From which it appears, that the addition only one 
twenty-thousandth part of nitric acid to distilled water 
increases its conducting power about sixfold, and that 
one measure of sulphuric acid, added to eleven of 
distilled water, increases its conducting power seven 
thousand times. Bistilled or absolutely pure water is 
tlierefore a very bad conductor of electricity ; but it 
has been shown that water of this extreme puri^ is 
not to be found in nature ; that even rain-water is 
more or less impregnated with oertain foreign ingre- 
dients, and that the waters Of rivers and Wells vary 
immensely in the amount and character of their saline 
constituents. It is therefore that, in rainy weather, 
the moisture of the atmosphere, acting the pari of a 
conductor, destroys the insulation of the telegraph 
wires, and obstructs the working of tue instrument; it 
is therefore that the earth, and still better, the briny 
waters of the ocean, not only transmit natural onr- 
rents, but submit themselves as willing agents to the 
purposes of telegraphic coramuniootion ; and lastly, it 
is to the moisture of the atmosphere, floating in clouds 
charged with an opporito electricity to that of the 
earth, that tiie grand phenomena of the thunderstorm 
chiefly owe their existence* * 
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WIKE. — Fen, Froftoh; Wein^ 0«]rmati5 Win^ 
Anglo-Saxon; TF^n, Dutch} F^ftOyBpaniab fmd 
VinkOf Portuguese; Fentem, U&n ; Oif^^ O/wj, <5re^t 
— All those deuomlnationa Wera j^bat^y ileMVod frotn 
OinaSf wiUi the dlgamma pta&edf answering t6 F or 
V in English, as FoeW and Ihence lihe Latin 
The Hebrew term for wine in general^ is birt if 

medicated or, in other words, , made more potent by the 
admixture of herbs or drugs, it Was denominated Shdi- 
Kar or Strong in common with other fermented 

liquids. The Greek name being the parent of the Latin, 
confirms the tradition that wine came into the more 
Western parts of Europe from Greece by way Italy, 
and from Asia into Greece* 

When man was driven from tliat peaceful asylum 
originally assigned to him by his Creator, and con- 
demned to earn his bread by the labor of his hands, 
his attention was no doubt powerfully exerted in pro- 
curing the necessaries of life ; sucli as food, clotliing, 
and habilatibn. As a cultivator of the earth, he must 
have been constantly employed, and, as his occupation 
varied with the seasons, his mind was continually dis- 
ciplined on contrivances to diminish and sweeten liis 
toil, ‘ His activity, when thus excited, soon extended 
its influence to every department of life, and having 
procured its necessaries, he was doubtless early led to 
task hia ingenuity in the attainments of its luxuries. 
Among thcse,^the presevTirtion of fruit and their juices, 
however rudely practised, might have led to the use of 
inebriating drink— a beverage which was discovered 
by some of the most savage nations, and is deemed 
a luxury by the almost universal testimony of mankind. 

Wine, when an uncompounded word, signifles the 
fermented juice of the grape only; but when com- 
pounded, it is applied as a general term to the fermented 
product of other fruits in conjunction with the name 
of those fruits, tendrils, stems, leaves, or similar sul)- 
etanoes from which it is made, as gooseberry-wine, 
ginger wine, and all the varieties denominated ^meMlc 
wines. * 

! Wine of the grape is divided into dry and sweet, and 
under one or the other of these great divisions every 
I variety is included. The characteristics and causes of 
each of these divisions will be fiiUy explained, 
j The juice of the grape, which is usually colled mtis/, 

I is known to ferment per ee at 70’’, which proves that 
wine was very early known; particularly in hot cli- 
i mates, where drink is so much required to allay thii-st; 
and this is a further sign tliat the vinous fermentation 
was familiar long anterior to the deluge. 

Carrying this idea still further towards the Creation, 
Mii^ton seems to have entertamed the opinion that 
Hie fruit of which Adam and Eye had eaten — 

— whose roortal taste 

Brought death into the world, and eiU our woe, 

was of m intoxicating nature, when he says : — 

B<iou as the force of that fsllacioufi fruit, 

That with exhitemtteff rapesr blandc 
About thoir splritB had played, and inwcM# ptmm - 
^ Hade ojT, was ndw exWed. 

' » ‘ * 

Wine is the oldest fermented liqupr, Ito ittveiiHon 
^ being ascribed to Eoau in the iroditions of Hte dews 


almost immediately after the deluge. The Qreeks with 
Hielr fr^hled DioKYmu8from%rpt,miginaliy frinhln^ 
threw no light upon the discoverer; but if they learned 
the art of making wine from the Egyptians, that liquid 
may be thus traced up to the days of Hbuod- 

orOB reports that there was no wine made in Egypt, a 
fdngular error, when Mareotic and Tmniotic wines were 
notorious. The wine of Meroe called indomdtum by 
LtJCAM was far-famed. The writings of Moses show 
that the kings of Egypt drank wine, as all who have 
perused them will not fail to recollect in reading the 
story of Joseph and Hie chief butler of PiiaraOH. The 
ruined temples of Thebes also display tlie emblems of 
the vintage in bas-relief, and figures of men pressing 
grapes with their hands, the must flowing into goblets 
emblematac of ihe wine-press. Some have used this 
as an argument against fermented wine; but must 
unferraonted, would not keep from decomposition for 
many hours, even in the Eastern land of miracles ; nor 
would the simple juice have intoxicated Noah, because 
to occasion obriety fermentation is abihlutely necessary, 
as in all other alcoholic liquors. 

Next in antiquity to the volume of the Jewish faith 
are the works of Homer and Hesiod, who lived so near 
together in point of time, that even conckding Homei*. 
to have flourished in tlie tenth century before Christ 
or about the reign of Solomon, ’ihe diflerence so much 
discussed by the learned is of no moment in a srientifli'- 
sense. Homer mentions the names of several kinds 
of wine, and alludes to their potency. 

The frequent allusion to wine, the praises bestowed 
upon it, the flowing goblets, the luxunous banquets as 
described by the great Grecian poet one thousand 
years l>efore the Christian era, exhibit ite value and his 
attachment to the comforts of the table and to jovial 
society. 

Horace was of tins opinion when he says— 

Homer, in praise of tlio profase, 

Ko doubt loved well the balmy juice. 

The wines refened to required twenty parts of water 
to make them potable, as in tlie case of the Maro- 
nean ones. Poets are not to he literally trusted ; 
and in the p^'cscnt case, as the object of Homer 
was to intoxicate the giant PoLYHlEMUS through 
his hero Ulvssks, full latitude must he given for 
poetical fiction, which can seldom be quoted in refer- 
ence to the exact sciences. This Maroncan wine was 
made from vineyards on tlie side of Ismarus, a hill 
of Thrace, by Maron a priest of the Sun. The cir- 
cumstance of the Greeks mixing Water with their wine, 
might after all mean no more than it does in France 
at the present timo^ where water is often tnitigled with 
common wines of the Country by no means rcmaikable 
for tbeir strength. Thus the wine of Scyathos is said 
to have been used With half its bulk of water. The 
wines most in repute with the Greeks were, in Hie first 
place, the wines of Ohio or Chios, which, with the 
Thasian, were ranked among the superior ^wfhe. 
Lesbos was also Wines. Mituy bfthe 

Gi*eek Isfands were 

and flavor, for the rich and ^eet. The 

Arifislan of Otto Waa in high esteem as a luscious 
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pi‘q4ttd; d <me i?i»e^ar48 ©£ tbe 

ifm bdetoitdd ifor ita healing (tnaUlea. 
ThU wm^ vm rod, from i^ ^iaeyariin Wbos. The 
>innea of l^o 4 ea, C^reto^ aud the dazomenku frpm ^ 
shoree of Iama» wore much valued^ and often taken with 
an admbcture of sea^watery a aingolar cuetomy thought 
to impart smoothneas to the wine. The qnmtity thus 
mingled was very small, and wae always boiled before 
it was mingled with the Wine. The Greeks classed thek 
winesy as in modern times, into sweet and dry, but had 
an intermediate speoies. They seem to have preferred 
the tiiiok sweet wines to all others, that species, for 
example, wliich the modems denominate malmsey, 
differing littlo pi^haps from the modem wine of Cyprus, 
or the malvasia of the iNJtorea. Some of these wines 
possessed what is now oal)ed tlie bouquet. . As soon as 
they were opened to the air, tlm perfume was imme- 
diately porcoived, but this might have arisen from the 
infusion of odorous Substances at the time of iermen- 
tatiou, a practice then common. Saprian wine was 
one of tliose celebrated for its odor on being uncorked. 
Tliis odor, it is pretty clear, did not arise, as it does 
in the pure wines of France in modern times, from the 
natural perfume after fermentation, but from tlie addi- 
tion of odorous substances.^ Port and the strong Anglo- 
mcdicated wines at present, possess no bouquet from 
I ita being destroyed by the admixture of alcohol witli 
I them artificially, rendering them heavy and dull. The 
wines of Bordeaux, Champagne, and Burgundy, on the 
other hand, have tlie perfumo In a high degree from 
nature. 

The wine of Ohio, called the Phanoan, was celebrated 
among the Eomans, who imported both that and the 
wine of Argitis. The wine of Monde in Thrace was a 
white wine of no great strength. Tlio wines of Zanto 
speedily intoxicated; and those of the otlier Greek 
islands, as well as of Lydia, Phoenicia, and Cilicia on 
the mainland, were of good quality, producing growths 
the more names of which it would bo supeiftuoua to 
record, 

Rome, as sho learned the other arts from Greece, 
^acquired also that of making wine, as soon sho 
extended her power beyond the limits of her home 
empire. In the days of Homeh milk was substituted 
in the aacrldues in place of wine, because of its scarcity 
at Borne. The wine first made seems to have been 
from the grape grown in tlie Gtirapania Felix. The 
most celebrated sites for tlie vine were near Naples, 
on the sides aud at the foot of Vesuvius, now covered 
witli the lava and ashes of that celebrated volcano ; a 
spot in which Bacchus was said to have delighted in 
consequence of its rare fertility and excellent adaptation 
for the vine culture. The sea washes the limits of Uiis 
beautiful vine-ollmate in one direction, and in the other 
delightful hills, named the Falemian, ^urreutine, Massic, 
Gaurean, and others, arose widi the choicest aspect and 
the most propitious slopes from the low co.untry, giving 
names (o .the products since wedded to immorted verso, 
liua tfct JPalernian, SujcrentinotGmcnban, Setine, and 
[ otW wwjif;of 4fee yfciuityi were named from their hu^e 

hills. One m two of the more celebrated writera left 
passages in their works which enable us to give a gheee 
at the nature ,of some ofL the winee> ih use among the 


Bonmns, the growths of Greece or Italy. It 

is certain from these that, exo^t in the sweet virines of 
the South of Europe ot prescht, no great similarity 
could have existed between the ancient brines and 
those most priaed by the modems. The writings of 
ATHgNiBUS and Puny give a tolerable account of the 
treatment of tiie vine under cultivation, but we learn little 
from thorn in relation to the constituent parts, flavor, or 
(^Uaiities of the produce. The same remark will hold 
good in relation to the extant works of Vakho, Cato, 
OoLiDcmxA, and Palladios. In short, no source 
remains from which any tdlorahle approximation can 
take place as to a knowledge of quality and flavor. 
It is well known oh the other hand tiiat the Campanian 
^ne once enriched a considerable ^rritoiy of great 
fertility, and that a humbor of large towns which have 
now disappeared, once adorned that favored spot. The 
more famous wine was the Falernian, which some sup- 
pose to have been made on the present Monte Barbero. 
The Cfccuban, a sweet wine, was made on the palmus 
lands of Amycle. The Falernian was of three kinclfi, 
the dry, sweet, and weak. A celebrated vintage colled 
the Opimian, from the name of the consJil that year, 
L. Opimius Nepos, took place in u.c. (>32, the wines 
of which bore a great price a oontmy afterwards. 
The Falernian required nine pr ten years to ripen, and 
when aged was bitter. Somq have imagfned it Was 
a dark red wine, others that it was white. The 
Surrentine wine was durable, and generally taken out 
of cups of the same name. The Massic came from 
Sinuessa ; Trifolino from a hill near N^iqflos 5 Taren^ 
tine from Mount Aulon, near Tarentum ; Alban from 
a hill near Borne ; Mameriane from Bicily, near Mes- 
sina; Coreton from Etruria; Bignian from Latuim; 
and Massican from the Abruzzo. The vicinity of Borne 
also produced the Nomoutan, Sabine, and Venafran 
wines. The north of Italy produced no wines Of note. 
Spain sent the wines of Tarragona to Borne, and Franco 
those of Narbonne, Marseilles, aud Vienne ; but these 
were said to flavor too much of the smoke of the 
f umariumy or else of pitch. 

The Homans suffered their vines to grow high and 
weakened the must. How the fermentation was man- 
aged nowhere appears. The wines were placed in a 
sAaoky receptaclo to ripen, the object being the same 
in ancient as in modem times, to assure maturity. 
The Cartiiagenian Maoo, who wrote five hundred and 
fifty years before CnKiST, says, tliat to make the best 
wine, that of tiio sweet or luscious species, the hunches 
of gi’apes were gathered when slirivolled by the sun’s 
heat, the bad fruit picked out, aud they « then were 
placed upon a frame ot open-work covered with reeds, 
exposed to the sun by day, Imt sheltered from the dew 
at night. When they were sufficiently shrivelled they 
were thrown into a cask and trodden, and thus the 
first must was made. When drained, they we^ eul> 
mitted to tlie wine-press for the first idne. They were 
then trodden a second time, and bCfld mdst added to 
the pressing. This seo^d wm was placed in a 
pitched earit, to prevent it from heobtaiiig acid. After 
it had remained for tsrenty days m tins state it was 
racked into anotlier vessel, from the air, and 

Covered with a skin. 
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8u(iih ivaB the ancient inode ot making swi^t wines 
ef I2be Icscions n^oiltnsey species. Fot the wines in 
general, the ihut was gathered alinterv^s as it ripened, 
and carried to the pre$s in baskets. The must was 
received in a stone or plastered eistem, and the fbr^ 
mentation was complete as <|uiokly as possible. The 
proce^, there is reason to believe, was not very different 
&om tfcuit hereafter desorfbed. In certain cases the 
fermentation appears to have been unneoessarOy pro- 
longed, and a part of the must that flowed from the 
grapes by their own pressure was reserved in a separate 
vessd and set aside, as it is the custom to do now in 
making Tokay-Ausbruch in Hnngaiy. This must, 
the most valued, was often stored by itself. Some- 
times ft was plunged, when in a state of fermentation, 
into deep water, being previously hermetically sealed. 
Weak must was often boiled down, so that much of the 
aqueous portion evaporated, and it was denominated 
according toAhe quantity of the portion unevaporated. 
If two-tldrds wore left, it was called calenum ; if only 
oiie-third, sapa. This was evidently copied from the 
Greeks, and is still practised, being called in Italy vino 
coUOt and in France vim cuits. 

The custom of adding sea-water to wine is said to 
have been discovered by accident. The water was 
boiled down to a third part, but the quantity used 
differed according to the nature of the wine. The act 
of perfuming the wine must have ruined its delicacy ; 
pitch, rosin, cassia, myrrh, sa&ron, and cypress leaves 
were, one or the other or several of them, thus infused. 
The true principles of fermentation were evidently 
unknown to the ancients, who had not the advantage 
of modern chemistry. It was tlie same with the causes 
of the difference between dry and sweet wines. There 
was no deficiency in theattention paid to the vines, except 
that they were permitted to weaken themselves by too 
luxuriant a growth ; tliis in consequence tended to aid 
acetous fermentation. In aspect, soil, grafting, and 
training, all seems to have been well known in ancient 
times ; the Greeks understanding this point better than 
the Romans. The Aminean grape was tho species 
most cultivated for wine, at least in the Campania 
Felix, but it cannot be identified with any modern 
species. October was the vintage montli. 

The treatment of the ancient wine after the first 
fermentation included a further progress in the vat, 
and it was then placed in earthen vessels, hermetically 
sealed, denominated amphorcHf each of which held 
fl*7027 English gallons, or in other vessels of a dif- 
ferent capacity, as the uma^ which held just half the 
quantity of the amphora. If an inferior wine, or one 
designed to l>e carried to a distance, it was placed in 
pitched skins— the bottles of the New Testament. When 
designed for the amphora and cellar, after being ex- 
posed to the smoke of tlie fimartumy it had the year 
of the vintage or the consular year marked upon it, 
and was set in the ground. Under this treatment in 
the fumarium and elsewhere, some of the wines grew 
so thick that they could not he drank until tiiey were 
dissolved in water. That sometimes the wine tastiiK 
of the smoke is not matter of wonder. It is .well known 
that kladeitk ripens rapidly if the bottles are plunged 
into a hotbed or into stable dung. The amphorm were 


vessels witimut bases, shaped as in Fig. 615, ap4 
Of pottery clay. The consulship of the famed Opitman 
year is marked on some of the existing ampboim In 
the way thus exhibited— L. 0. Nepos, u.O. 632. The 
wines of tho ancients were thus diflerent in quality from 
those of modern times, 
and could only have been *'hf. sis. 

rclii^d by long habit. 

The different varieties 
which have been trans- 

mitted by name in Italy, Uf W W 

Gaul, and the East are 
reckoned at a hundred ft im 
kinds, rough, soft, and ftl JV ft ^ |V 

sweet. That tlie wines l|J|r ft M 

ofthe ancients were more ft|ft ft if 

durable from this after- IV ft if 

management than from w V 

any knowledge they possessed of their chemical com- 
binations when treated scientifically according to their 
nature, and unmingled with substances foreign to them, 
is evident upon a due consideration of tlie subject. 

Regarding the wines of Asia Minor, little is known in 
respect to the treatment. Some kinds were kept in 
the fumariupi until tliey beoamo as hard as salt, and it 
was necessary to dissolve tlicm too in water before they 
were drank. The prices they bore, considering their 
age, were not extravagant ; those more than a century 
and a half old costing less than seveu shillings the 
English quart. In Rome the quantity of wine con- 
sumed was coasi(ferable. The servants of Cato were 
allowed about a pint and a half per day. The stocks 
of the more precious wines kept by the opulent were 
surprisingly large. Of the best and dearest Greek 
wine, that of Ohio, Horten sius left ten thousand casks 
at his decease. The celebrated M^cenas introduced a 
rare wine of his own, called ma»cenatianum. Of the 
common wine made in Italy, too, the produce was 
large, being in one recorded case no less than two 
thousand one hundred and flfty gallons per aero, or 
eight cidei on the jugorum or twenty-eight thousand 
eight hundred square feet. In these computation% , 
however, there is much uncertainty. 

Wine was drunk in Rome out of murrhine cups when 
the eternal city was in its greatest height of luxury and 
pride. Wliat this substance was is unknown, but it 
appears to have come from Egypt or the East, and to 
have possessed an inherent perfume; many dissertations 
have been written upon its nature, all alike unsatis* 
factory. 

Among names of ancient vdnes, is that of ilolbon or 
wino of Tyre, called by the Greeks haUionion, and 
alluded to by the prophet Ezekiel— ihe ncone meaning 
sweet or fat ; it was made near Uamasous, or^nslly by 
the Persians. This wme was common in England {n 
the reign of Ricbabd HI., Wng imported in Venetian 
vessels. The wine of liebanon in Hosea, is praised for 
its peifume. But the different c6iije<;tures. 
the nature of ancient wines^ built ppon .po 
data, cannot, anymore than,j^^ 
real moment, however ainti^^ jo ^ihe It, 

may be observed, ho'f a marked distinetidn , 
anciently exist^ between pure winei and wt which ^ 
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ltd» 



was perfumed or medicated^ as witb certain w^ee 

Boi, DC Hermitage cf the first class,, because such 



imported into Engllandi brandy is added for Uie same 

wines oidj Can the term pure mm be uqdemtood, 



purpose, particulariy to port wine* The Jews have pte- 

or a etan^d bn feu^by which the first*c)ius^ cab be 



served this distinction in scripture, by using the term 

established,, and m^st be fixed for the inferior 



mmd or $hrmpwinef thuB-T>In the hand of the Lord is 

kindsi France^ Spain,* Germany, Italy, Portug^, Hun- 



a cup, and the wine is red; it w/M of nature} and he 

gary, Greece, are the principal wine countries 



poureth out of the same ; but the dregs thereof, all the 

of Europe. ToleKalfie whm has also been made in the 



wicked of the earth shall wring them out emd drink 

extMme South of the Bussian dominions. 



thern^ 

Passing over the vine culture, the best sites, the 



Leaving a subject so much of which must be conjeo- 

diseases of the vine, the training, and tlie incessant and 



tnral, the wine of the present time, naturally the most 

laborious calling of the yiao-drosser, all belonging, as | 



important, comes to be considered, together with the 

before observed, to rural economy ; and therefore only* j 



processes adopted by the moderns in its manufacture. 

observing that the practice of grafting is pretty general 



The variety of the plant which produces it, and the 

— it may pe added that some vines will l^ar well for a 



nature of the soils in whiph the best grape is matured, 

century and a half. There have been examples of 



are subjects copiously treated of botli by French and 

thie^ centuries, while others will not be productive for 



Spanish writers. In the catalogue of tlie national col- 

more than forty years. 



lection of vines at the Luxembourg in Paris, there ore 

The extent of the vineyards that produce the finer 



five hundred and seventy varieties, classed black oval, 

wines is well known to be very limited*^ The differ- 



black round, white oval, white round, grey and violet 

ences of soil and treatment do not appoat sufficient to 



oval, and grey and violet round. Chaptal collected 

account for this Although the best vines are 



fourteen hundred sorts, and Ct^EMENTB states that two 

grown on a calcareous soil, as on the chalk hills of 



hundred and fifty species exist in Andalusia alone. 

Champagne and the albarizas of Keres, of which car- 



Tlie treatment of the vino and the entire culture of the 

bonate of lime forms two-thirds, and in three-fourths of 



plant belong to the rural economy of the wine-producing 

the more celebrated vineyards tiiis is the case, though the 



countries. To enter largely upon this subject would 

necessity of such a description of soil has been denied. 



be out of place here; still the following on the kind of 

In the vineyards of And^usia, while some of the above 



soil best adapted for the grape, and on the beat descrip- 

soils contain even seventy pdV cent, of carbonate of 



tion of grapes to employ, will interest and instruct the 

lime, the remainder is d compound chiefly alumina, 



reader. 

with a very small portion of silica, aud sometimes a 



The wine -producing countries in the Northern hemi- 

little magnesia. In Certain spots the soil is almost 



sphere are included between the parallels of and 51*^ 

pure carbonate of lime. This kind of earth absorbs 



North ; but this rule is limited by local circumstances, 

every particle of moisture which falls upon it, and 


1 

probably by the line of the biting North-caat winds, 

never cracks nor opens in the hottest summers. The 



which keep back the vine in spring. An oblique line 

albarizas are a series of calcareous hills. The best 



drawn a little north of Coblentz, concave to the North, 

Spanish wines produced on such a soil, exhibit its 



and continued to the mouth of the Vilaine, in 47® 25' 

virtues very strikingly in the fineness and durability of 



North, will nearly define the vine limit. Wine once 

the product, and militate against the opinion expressed 



made in good quality at Estampes and Beauvais, so as 

in some districts, that if the soil be porous, light, and 



to bo celebrated, cannot be made there now. Thus it 

free, the presence of lime is of little moment. The 



was once made too in the counties of England Soutli of 

fences of tlie vineyards on the albarizas consist of the 



Cambridgeshire. Wine in 1553 was made of the mus- 

prickly pear. Adjoining tlie albarizas, or chalky soils, 



cat grape at MSlcon in Burgundy, whore it cannot now 

come tlie arenas, or sands ; but tiiese are intermingled, 



be made at all. In Asia no good wine is made South 

more or less, with calcareous particles. About Malaga, 



of latitude 33® North, in Persia and Shiraz. In regard 

where the surface of the country is extremely rugged, 



to the Southern hemisphere, except a little sweet wine 

the soil consists of limestone, intermixed with slaty 



from the Constantia vineyards at the Capo of Good 

schist, over which tlie rich raisins for export are pro- 



Hope, none of any mark is yet produced, though much 

duced. In the South of Franco, in Bousillon, the soil 



of an inferior quality is made. With the wine-pro- 

resembles that of Malaga, particularly near Perpignan, 



duoing countries of the North the world is too familiar 

being slaty schist, or gravel, interspersed with calcare- 



to need the exact enumeration. 

ous matter. In some places where the soil is not six 



Keeping in view wines of the first and second class 

inches thick, a hole is bored in the loose rock with an 



in excellonoe, nearly all which lay claim to the greatest 

iron bar, in depth about A foot, into which the plant is 



delicacy and purity are produced in France, where 

thrust, among the stony and arid ground. lu Bur- 



science and long experience have been brought to bear 

g^indy the soil varies much. At Ohambertin it ia a 



upon their management. In a first-class wine there 

brown loam, full of gravel, and friable. This gravel 



sbnst be no mixture of any foreign matter whatever. „ 

consists of small pieces of broken limestone, in some 



The fermentation must t>e natural,, and no extraneous 

places; in others, of marl Mrith small ebells-*-w|ille, 



eubstance introduced, not even brandy. Nothing must 

in another place, the vines gvoi 0 in pure day, but 



beall 0 we 4 ,to prevent the developmrat of tlie perfect 

with traces of limn in some fom. The cham- 



cbatacter of the ! partiimlar species expected — tight- 

^ne district, in like manned, Is almost who% eaU 



ness, fiesbpess, a rich Dd(fir coi^et^ by nature, eudi 

careous, at least where the best ^wines are made. T^us 



as are fotlbd k Via da! 

the {kmous slUery is produced ^om vineyards on 
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HfUa ttn "Hftstetn ejq^ttre* At Ay, on the Marne, on 
fibitih sides of tlie mer, fbe hiik are chalk, and the soil 
Often supported by terraoes, |p^ the river ef Mame^ 
md m tie kiUa of Mkdmk the edebraied heaii- 
fo*tfa^proverbmlly so. t'he ohalk, yrhether it lie deep 
or superdetal^ prodtioes tlie satne effect in reaped: to 
dry Wine of SttfWtior quality, agreeabiy to its treatpient 
and fba aspect df ibe Tineyard. The hermitagdVine 
has been cited in proof of the goodness of wine grown 
on the debris of gmitte* 

Wines of the finest quality are undoubtedly grown 
upon soils where hme is not immediately visible. 
Sands in the vicinity of Bordeaux, and granitic soils 
near ibe Bbone, flinty and argillaceous earths, are 
fbufkd to produce excellent wine. But hennitago, for 
example, although produced from vines grown i^ong 
fragments of granite, is no doubt affected favorably from 
the eoloareous soil liard by, having portions inter- 
mingled with them; nor can it bo any exception to 
Uie &d as respects the finer diy wines, that their 
superiority is due to their connection with calcareous 
matter. Sweet wines are produced in almost every 
kind of soil. Dry wines produced on schist, for example, 
are poor, compared to those the fruit of which is grown 
on chalk laud ; while the sweet wines, such as those of 
Malaga, are good on that descri|)tion of soil. Tlio 
Hivesaltes, a sweet winO of France, is produced on 
granitie land upon wlflcU lies a stratum of pebbles, 
while the dry wines of tlie sktne land which produces 
those celebrated growths, are sufliciently mediocre. At 
Ay, wliere the finest champagne is made, the soil lies 
upon chalk in some places from ten to fifteen feet tliick ; 
but the superincuipbent earth is full of pieces of chalk, 
the surface only being argillaceous; and where most so, 
causing some difference in the quality of the wine. 
Very little manure is applied to the vines that produce 
the best and finest wines. In argillaceous soils the 
roots of the vines are found not to branch off in a 
desirable manner; and U)e facility with which the soil 
retains the water, causes a degree of humidity preju- 
dicial to the bud. Volcanic soils, on the other hand, 
give excellent wines, particularly when they are of very 
ancient date, and rival those the frnit of which is grown 
on calcareous strata; generally, too, possessing a flavor 
peculiar fib themsolves. In all cases tlic soil must be 
light, friable, porous, so that water shall not lodge 
around tlie plant. Tiro exposition may vary. Bacchus 
lorn* the hiUa le an old, but not an unexceptionable 
adago, as gravelly plains may piodiice goo<l wines. 
Sometimes, according to tlm nature of tii© country, an 
Eastern aspect is best ; at others a Southern, and oven 
a Northern has yielded excellent wine; much in such 
a case depending upon the .latitude and tlte more 
obnoxious winds, as well as the atmospherical tempe- 
rature. It is remained, however, that good witte is 
rarely produced in narrow valleys, ^eciaiy if a river 
flow through them. 

It Will thus be perceived that the wature of the soil 
for the dry and finest wines must be calcareous, even 
topiwe olmlk; in all events it must be snfficientlyo 
to Inioenee the vine most essentially during its gro^; 
and that sweetand luscious w^es, the nature of 
Ihe soil is of fiur less moment, such wines being grown 


on every kirtd of soil, except that which produces tlie 
most valuable and rare dry growfhs. In the English 
colonies, and in the United States of Amjtrioa^ net long 
ago covered with primeval Ibteats, the Soil, eUriefaed by 
the autumnal spoils of ages, Is too good for vine, 
the fruit of which, for making good wine, difihiS so 
much from the character of fiiruit in general, when 
intended for the table. 

The grapes are various that give out the more pre- 
cious must. In Bousillon in Franco, the best wines 
are from the carignan, grenache, and mataro grape. | 
Tlio celebrated Hivesaltes wine is principally from the | 
white maenbeo, the muscat, and grenaoho blanche; 
the hermitage comes from the scyras or ciras grape, I j 
the Toussette, and the marsan. The pineau bluncbo ! 
and pineau noir before mentioned produce the cclo- ; 
brated Clos Vougoot wine in Burgundy. In the Bor- j 
doaux wine district, the Graves, Baisac, and Sauteme, j 
corno from the white sauvignou, the semilion, the ! 
rochelin, blanc-doux, and primeras — all three white — | 
and the black muscade. The best Spanish wines arc j 
the produce of the pedro ximenes grape, both at 
Malaga, and Xercs. At Malaga and Grenada one half ■ 
the plants are of this species ; at Xeres, one-eighth ; at i 
Motril, four-fifths ; and at Paxarete, one-fourth. The j 
grape, giving fine wine in the North, may be productive 
of wine of very moderate merit in the South. In con- 
sequence every conntiy, and even district of the same 
country, difl’ers in the variety of the fruit prepared, 
TTiis arises naturally from the circumstances of the 
temperature and soil affecting one species more than 
another, for which it may have loss ofinity. The 
growtlis ai-e often mixed. Thus the marsan grape of 
itself gives a sweet wine, and the rousauno or rou»- 
sette a dry, therefoie they are mixed to prepare the 
white hermitage, for example. In Burgundy the black 
pineau is much used, as well as tlie chandeney. In 
champagne the norien and pineau prevail, with some 
of the garnet and gibaudot. The black morillon, and 
the magclclaiue, and the mellnier, are early bearing 
species. Tlio chasselas, supposed to have come from 
Cyprus, the cioutat or black grape of Corinth, the 
muscat noir, isabolle, verdet, and black muscade, the 
carbenet, violet, and corinth in France, the Uva del 
Bey, the mollar, the listan of Xeres, the large and 
doradillo, with the moscatol gordo, are used in different 
proportions in «ome places in Spain, but one kind 
rarely or never alone. To enumerate and descrilie 
the five hundred and seventy species in the garden of 
tlio Luxembourg in France, could not enable a culti- 
vator to discriminate what species would be best to 
adopt, so much depending upon site, climate, and 
annual temperature. The grenache blanche, for ex- 
ample. is only used in the district of Colftoure m 
France. The Hungarian varieties also are numerous ; 
but site and experience can alone determine, as else- 
where, the species most in accordance with the views 
of the cultivator in producing the best wine. 

By a remarkable peculiarity, nature, and habit of the 
vine, it adapts itself to those parts of the couivtiy wtildh 
are leastfitted for the euldvsMit of tlie cerealia. Those 
vines whith bear the best IMt for the finest dry wines, 
invariably grow on soils which would be unproductivo 



witli rsi^eot ta the food crops« Gravely satidi volofiiuc 
debris, ^t, «k|id such like sqils^ are lavorable to the 
growth, of the viiie, whilst rich, deep, warm, fat ei^th, 
acid all rtsh lauds, are unSolted^ 

The names of the diderent kinds of vine fruit in 
Eangary are so untranslatable in the West of Europe, 
and so far off, that they can hardly be identified with 
those of the West without inspection by qualified culti- 
vators. Thus the Funumt is used in making the 
Tokay- Ausbruch in tlio HegyaHya ; the Fej4r-Szi5ll(5 of 
the same district ; the Szemendrian or white Servian 
grapo ; the Bdr-Fej^r or honey grape, believed by some 
to be thomagdalen; the Balafant, the Hdk-Szdllb or 
silver white; the Zapfner which, some contend, is idenr . 
tical with the Orleans of the Eliine ; the Hars^Levellti 
or linden-leaved ; the purple Kadarka oir real Hun- 
garian; the Blue of the Banat, the Csoka, or Sloeblack, 
and a great variety of others, which it would be useless 
to name, are grown to produce the celebrated wines of 
Hungary. 

The climate of Hungary is peculiar, and in extremes; 
so that, in some places, they are obliged to bmy the 
stocks to keep them from the cold. The cellars arc 
badly built in many places, and the casks too small, 
and new and unseasoned wood is continually adopted, 
spoiling the flavor of the wine. Mai'ble store-vats are 
used in many places ; one at Ofeu will contain thirty- 
iiiuc thousand gallons. That wines ripen host in a large j 
volume, is proved in this district by these vats, or rather 
cisterns. The wines of the plains are inferior to those 
of the hills from the same description of fruit. 

In Germany, tlie Riessberg, a small white grape ; the 
Kleinberger, a very productive species; and the Orleans 
grape — make the more celebrated wines, Tlie Orleans 
is the favorite at Iliidcsheim ; but all the other wine- 
makers, except at that place, throughout the Rhinegau 
prefer the Riessberg. The grapes for the Joannisberger 
of the first class are carefully selected, and only a small 
quantity is ever made ; about sixteen aums of thirty 
gallons each. The l)lac?k pineau of Burgundy, and 
the tointurier are grown on the Rhine, as well as j 
tlie chaaselae. The traminer, white cltlvener, franken, | 
gtttadel, frtthroth, black cluvener, and miiscatclles, ! 
are cultivated to a considerable extent in Germany, 
and on the Moselle, where only the kinds adapted for 
a Northern class of wines ripen well. This may suffice 
to afford a faint idea of the great extent to which that 
portion of wine-making connected with agriculture 
roust be carried, to embrace the entire subject over an 
extensive and ever varied field. 

The grapes depending for perfect maturity upon 
tbeir Northern or Southern latitude, the vintage takes 
place accordingly in September or October* Upon the 
excellence of the must rests the purity of the wine, 
and that depends much upon the season, the character 
and soil being the same. The utmost development of 
saccharine matter is watched until the fruit is ready 
to burnt with ripeness, if all goes on Well. The sun 
havii;^ dried up the dew, the work commences; the 
gathering being expedited most in warm weather, 
because the fisrmentation, is then most active; and 
it is derirablo to, ferment at once the laigest possible 
quantity of most* « 


The riper clusters oire separated from 4}i0 barites 
when the shin is thin, transparent^s^d 
between the teeth ; vffien the o^or is Wom# 4eep, 
that is, when, if the grape bo of a white sort, ^hecotiies 
grey, or if red, from a violet hne appears black ; wh^n 
tiie stem is woody in fibre, losing its green color, and 
becoming brown like the main stock, the grape liangtog 
loosely i lastly, when the grain gives way easily to the 
pressure in gatberingr^ orushed, has a vinous 
odori The bunches are gathered irith great care, for 
which purpose scissors are commonly used, in order to 
shake the frtdi os litUe as possible ; as the ripe 
are easily detached, and are bruised with tbe slightek 
fall. The baskets— -Fig. 616-^in which the bunches 
are placed are small ; and the deposition in them takes 

ng. Sie. 



Osier basicetB and mode oT tbe grapes ie the p^e. 


place with groat care lest the fruit be iiijured 4 With 
large baskets the grapes are crushed ; and the must is 
too often wasted, owing to the superincumbetit Weight 
All the bad or j^reen grapes must be token off and put 
aside, as the unripe are apt to Impart acid to the sound 
must. The grapes in different states of maturity are 
not to be mingled, because they cause an inequality in 
the fermentation of the must by their acidity, and con- 
sequently it is deteriorated. The baskets of osier of a 
peculiar make are carried to the press strapped on the 
backs of men, or in carriages. The backs of men, or 
oven of animals, are preferred to carriages, because tbe 
motion is less. The stems of Uie clusters are out short 
off. Some farmers take tbe grapes off the dusters, an 
operation in Fi*anoe denominated egrappage^ but the 
practice is by no means uniform, nor is it universal* 
The next part of tbe process is treading the grapes, 
or breaking them with machines, before they are set 
to ferment. Tliis operation facilitates the fennentation* 
Square troughs are used, having holes in tbe bottom 
to admit of the must flowing out The grapes are 
then trodden by men with sabots oar woo^n shoes, 
at tlie best, thou^ an ancient, a clumpy, and not veiy 
agreeable operation* The must which eseapes is th^wii 
the fermenting vat either With or wi^oui the 
muik, as may be required; imfi the same ^ecat^ is 
repeated untff the whole is tvoddem The ffilseogage:^ 
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ir the cohmag matter from the skine is mainly 
^effected by th^ process, and no. substitute would J 
answer which did liot obtain t^t object. The subr 
sequent fenneutation and Ihe lKeat it produced world 
not alonO obtain and fix the color ; the ^ns must be 
broken. Bevejrfid inT^Udns ha^e been exhibited and 
others carried into practice to meet an end so desirable. 
Of these machines at a reasonable cost, one is the 
invention of Acheu of Chartres, and has the recom- 
mendation of being among the cheapest. This machine 
is shown in Fig. 0i7« It does its work well, having the 
recommendation of the more experienced of the wine- 
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makers that it was capable of giving the must the 
utmost effect of which it was susceptible, before sub- 
mitting the grapes to pressure. All were found to be 
equally and uniformly crushed — none escaping the 
action of the cylinder.. By its use the fermentation 
proceeds in a more uniform manner, and the action of 
the press becomes more effectual. A, a hopper in 
whicdi the grapes are placed ; B, a cylinder, one metre 
in circumference, and sixty-live centimetres in length ; 
it is armed with small nails ; the heads large and flat, 
placed in carved or oblique linos on the cylinders, 
distant from each other five millimotres. This cylinder 
Is placed beneath the hopper, to crush effectually all 
the grapes which descend to it. The cylinder is turned 
by a handle, D; Eis a species of wooden flap armed at 
Die lower edge wltli a series of teeth, perpendicular to 
the axis of the cylinder, disposed in such a manner as 
to play between the nail heads on the cylinder, and to 
crush all the fruit which approaches it; F* the vat which 
receives the must when crushed, 

There is another French invention for the same 
purpose by a mechanic of Toulouse. It . consiists of Iwo 


horkontal cylinders, which act in the same mode as 
those of a laminating engine, not only by but . 

by friction. It moves by meana of two toothed whee^ 
attached to one end of each cyflnder. In order ^ 
communicate to one cylinder a movement more acce- 
lerated than that of its follow, the diameter of each 
wheel as with its cylinder, is different. A handle is 
fixed to the end of the smaller cylinder. The larger is 
ten inches in diameter ; the smaller six. These two 
cylinders are placed at the bottom of a hopper, in 
which the grapes are deposited. The whole is con- 
structed over a cask or vat, five feet nine inehes in 
dameter, or in length, if of a different form from that 
of a cask, and this receives the must. It is effective, 
and dispenses, equally as well as the machine of M. 
Acheb, with the old uncouth mode of treading out 
the fruit with sabots. 

In order to prevent white wine from becoming 
colored, the red grapes are not trodden, because it 
would bmiso the skins and discharge the coloring 
matter ; but they ore submitted to the press, as they 
arrive from the vine, and then taken to the vat, husks 
and all in some places ; in others, the murk is reserved 
after the first pressure. The mode adopted in the use 
of the little press, which is directed rather to make a 
little choice than a large quantity of a mirldling class 
of wine, is as follows: — Planks are laid upon the 
bottom of the press, which is uneven, so tliat the 
must may run into one channel, and thence into a cask 
placed below the level of the floor of the press. The 
grapes are carefully piled on the maye or planks at the 
bottom of the press, other planks are laid upon the 
grapes, then several transverse beams of wood, and 
upon these the press is screwed down. The pressure 
at first is but slight, that there may be no waste of 
the must. The pressure is then increased until the 
utmost force of the screw is exerted, and the murk 
becomes as hard as a stone. The press is afterwards 
relaxed, the edges of the hardened mass cut square 
with an instrument for that purpose ; and the cuttings 
being heaped upon the top, the screw is again apfdied, 
and the wine thus produced is called, wtne of the 
first cutting. This pressing and cutting ore repeated 
more than once. Finally, thamurk is steeped in water, 
and again pressed, when a small wine is the produce, 
given to the laborors, called in France, pig^uette^ and in 
Spain, iiguajiik. 

The wine -press, an instrument as old as the days of 
tho IsraelitisU lawgiver, is made in various modes in 
the same country. In Spain at this day presses are 
clumsy troughs, about eight feet square and a dozen 
inches deep, with a wooden screw in tlie centre. Into 
such a trough, in Andalusia, the gmpqs are eatele&ly 
flung, with a sprinkling of powdered ^psum in making 
white wine, to saturate the malic acid. The must is 
received in jars from holes in the trough, and carried 
thence to the buti«, A bar or lever, of about five 
feet long, is used for tuming tbe screw. The 
press used in France for tl^ hermits^ winf^l^lpA ^ 
trough seven feet square, having an iroq^^iWTew H vast 
power in the centre. This by B >vheel having 

projecting spokes fm? the ii^odkmen to puH it round. 
There is a stage round die press for worku^n to 





stand nrpon. Tlie gtapes are built tip In the troh^ fts j 
high es the screw will admit. The bauet flows firoiO j 
spouts in the" sides, at the bottom of the trough. Wine | 
of the fitst cutting is then taken. This press xvill | 
make at once forty casks of wine, of fifty gallons each, j 
The murk is generally distilled. In Burgundy, the I 
trough or place for the grapes is 
twelve feet square, having a 
lever Worked by a wooden screw. 

There is the ^a^mle^ a large ^ Mb 

press requiring a dozen men to 

work it. The Prmoir a Siiquetj 

moved by levers, or a horizontal . j 

wheel worked by four men ; and ■■ 1 

thd Prmoir a coffre, single and H 1 1 

double. One in a vineyard in the H I 

Saone and Loire acts by per- H 

cussion. This press is novel, and 

is the ingenious invention of M. 

UjfiVEiLLON. The press before 
spoken of us used for making u 
small quantity of choice wine, in 
uso in France, almost univer- ggg^|||||J|[| 
' sally, though now somewhat 
improved, is hero represented. ^ bLLB 

In making wliite wine with red JUHlIj 

grapes, the want of care in the 
carriage of the fruit to the press, and the previous pi^ss- 
ing, will sometimes cause the wine to assume a lingo 
of red, which, though slight, is very porceptine, and 
liciice the epithet of Partridge-eye has been applied to it. 
Of cours(i the quality of the wine is in no way altered 
by this cirenmstauce. There is but one species of 
grape, the tiiiillla, which has a colored pulp. The 
grapes for the red wines thrown into the vat after being 


tirodden, bruised, and evolving th^o coloi-s before 
pressing, it becomes fitted by the he^ of tile fermen- 
tatiou. In some Wines.therc is apt to be an astogency 
from the tannin in the stalks, attiibutable to the dfesSro 
to preserve the tint; the stalks being acted upon by 
the heat of the wines, as well as the color in Uie skina. 



(lypsum cannot bo used in red wines without injuring 
the color. It is often esteemed preferable to cany out 
the vintage process in tlie hottest sunshine, whore the 
exlornal heat upon skins is found as eliective aa that 
imparted by retaining the murk during the fermenta- 
tion. In Fig. Cl 8 , A is the press ; B, the screw of iron ; 
c, the maye or planks on which tlie grapes are placed ; 
D, planks and blocks to support tlie grooved wheel on 







wlflch the rope F runs; E, the cask to receive the must; 
0jjbe capstan that turns the wheel and its screw. 

grWt^ press, which will make from twenty to 
tliirty barrell^of wine in four or five hours, was, in the 
last century, constructed in tlio following modo — Fig. 

and is tlie most corataon of the older kind. A a, 
the base and Stipporters ; c C, the cheeks ; D d, groat 
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beams of timber, sometimes four or six in number; F, 
the screw ; f, the nut; G, the wheel turned by five or 
six men, holding the upright shaft; tt, the cage, a 
square of timber lined with masonry, ten fel&t long and 
four and a half square on each side ; i, the maye or 
platform on which the grapes are placed, as in the 
small press, with Uocks and plahks over them ; L, a 
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ohannol by wbioh fte wino mua into tho vat 
KV .The cage wUl rise or sink into the pit; it is here 
dtewn aeceRditigy and is in we^ht a couple of tons* 
Suspended at the end of the lever by means of its con- 
junction mISk the screw, it possesses immense power, 
increased according to the length of tlio lover, and thus 
it rapidly eieots its object. 

In some parts of the East the grapes are not pressed 
at all^bntare beaten with wooden mallets on an inclined 
plane of marble, with a gutter at the bottom, which 
conveys the most into the cask or other receptacle. 

On the sublimation of wines by the alembic, now 
the sHHi to which in recent tiraoa tho term of dis- 
tillation is applied, alcohol is separated. The name of 
this siibstance is derived from a el, more commonly al, 
tho mark cf tho dative ease in the AraUc language, 
joined to the word coJiolmo — ^in Spanish shortened to 
colmo—to rise to iJie top of anything; the invention 
having been brought into Spain by tho Arabs. 

Honce, too, the word alctohic — cUatn^ique. The 

meaning of tho original name was retained in the 
verb to sMimate, sublime^ or nxiM wp, to the head 
of the chemical vessel or retort. Whether this sub- j 
stance was first miblimated or distilled from the must 
of the grape, or being of eastern origin, from the fruit 
of the date, or wlmt other fruit, is uncertain ; but in 
wine it is an important natural constituent. Distilled 
from the grape, it exliibits a siiperiority over that 
from every other substance* existing as it does in a 
variety of vegetal productions. The mode in ‘Which 
alcohol is formed or evolved by the natural process in 
the fermentation of the must of the grape, it is neces- 
sary to explain ; its disengagement from other sub- 
staiiocs by the still having been already detailed under 
ALCOHOL. 

Tho preparations for fermenting the must by which 
alcohol is formed, and the process of wine-making com- 
pleted, are made with groat care on the eve of the 
vintage. In France where tho art is most perfect from 
superior science, the vats are in some places rubbeii 
with over-ripe Portugal quinces ; over tliose of stone 
elsewhere, a thin coating of whitewash is passed, to 
saturate the malic acid in the must. Instead of lime, 
the wooden vats are by some washed witli warm water, 
and afterwards a little brandy is passed over the staves, 
while others mb them with dococtiona of aromatic 
plants, salt water, or boiling must. Those methods 
are all beneficial, except the use of the lime, which, 
without great care and judgment, is a])t to detach itself 
and communicate a bad taste to the niust, which is 
depodted in the vat at once from the receptacles at 
the press, with or without the murk according to the 
views of the maker. 

The whole of the must being in the vat, the fermen- 
tation is the next and most important part of the 
process. It is divided into two stages ; Uio first rapid, 
sensiblo, and tumultuous ; the second slow, and of oou^ 
mderable duration. The second is often denominated 
insensible, though sometimes thS^ escape of tlie car- 
bonic gas is perceptible to the ear in close-covered 
vessels. The first demands the access of air to proceed 
promptly through its regular course, which, although 
rapid, has always a slight progression to the end 


df the operation, which is at once discoverable by 
its being no longer turbid, and by the subsidence dr 
depression of the bead or the French 

denominate the 'scum, stems, and oUier substances, 
whidbi float and form a crust upon the surface of the^ 
must, or rather of tho wine, into which it has now 
become changed by the fermentative process — and the 
conversion of the sugar or glucose into alcohol. The 
reader will find the particulars of glucose described 
under starch and sugar, page OOO- 

One equivalent of anhydrous grapo sugar is resolvable 
into four of carbonic acid and two of alcohol, whence 
this deduedon : — 

1 Pr. p Ti n / 4 ijarbonic add, C., H/, Oj,, 

1 Eq. sugar, C,^, Hjj, ; C*; i,;;, o7. 

12 12 12 

Sugar of starch and sugar of milk may be converted 
into sugar of grapes. In the sugar of tho cane, and in 
that of grapes, oxygen and hydrogen arc found in the 
same proportions as water. Grape-sugar, found also 
in honey and in most fruits, is the slowest of all sugars 
to undergo* fermentation, during which the sugar is 
resolved as above into alcohol and carbonic acid by * 
the. presence, in only a slight degree, of a substance 
tending to set it in action. This substance results from 
tho nitrogenous constituents of die grape-juice, and is 
named diaitme. In making all natural wines, tiiiis 
substance found in the must comes into action spon- 
taneously. Yeast is tho product of decomposed gluten. 
Tlus yeast added to a solution of pure sugar disappears; 
but when mixed with juices which contain gluten as 
well as sugar, it is reproduced by tho decomposition of 
the sugar. Gluten is present in the wine-must uncle- 
composed ; decomposed in the state of yeast, it would 
ruin flic flavor of the wine, and should never be used to 
ferment eitlicr grape or domestic wines. 

Tho immediate presence of the fermenting agent 
at once causes chemical decomposition. Ojtygen and 
hydrogen exist in graj^e-sugar in the same propor- 
tion as they are found in water. Carbonic gas is 
given out ; and in consequence alcohol is formed from 
the sugar, while water is decomposed during the 
putrefaction of tho gluten. A temperature of 65*^ 
is most congenial to vinous fermentation, during 
which the heat increases. At 60*^ the fermentation 
is perceptible, but exceedingly languid. There are 
instances where it has been known to rise as high as 
97® or 98®. Thus tho fermentation in warai weather 
is found to be considerably accelerated. When the 
weather is cold, boiliug must has somotimes been 
thrown into the vat, and red hot-iron bars have been 
plunged into the must with the Same object. 

Fermentation in a very Small active. mass will com- 
municate the principle to a laiige quantity at rest. The^ 
magnitude of the volume submitted to the operation 
shows, too, that largo quantities proceed more satis*' 
factorily than small, though, in the latter 
alcoholic strength and aroma are better., 

After the lowering or fal of the crust 
of the first fermentation the moat is covered 

up from the air ; no irore ojpentng being left: than k" 
sufiicient to sufer the carbonic gas to m^e its eacn|ib. 
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But there are other Bobstaxieefl formed in witm 
bemdes those already mentioned -r»-Bomo of wliich 
amount tO' Httie more than peroeptible traceS) and 
these are not found in all 'Wines* Their quantity and 
even presenoe vrill depend upon tiie xmture of the soil 
in which the vine wue grown which produced them, 
and the cold or heat of the season ; for in cold sum- 
feers the fruit is acid. Starch, gum, albumen, 
gluten, extractive Or coloring matter, bitartrate of 
potassa, malic, tannic, gallic, and a little citric acid, 
traces of tartrate of lime, of alumina, and potassa, 
sulphate of potassa, chloridos of sodium and of potas* 
slum, and in some, perhaps traceable in all wines, 
there are racemates and paratartratcs. Uacomic or 
paratartaric acid was discovered by M. Kestnek, and 
mistaken by him for oxalic acid. It is a modification 
of tartaric acid, and distinct in its nature. It was first 
thought to bo peculiar to the grapes of the Vosges, and 
was called acide de Vosges, This acid is obtained from 
a solution, containing as well tartaric acid. The crystals 
are an oblique prism, with a rhomboid base ; those of 
tartaric acid have a rectangular base. Its formula, as 
given by Q-regory, is 2 IIO, Cg Ho Ojj. 

There is also an odorous princii)Je called oil of wine, 
which is sweet, quite neutral, and is formed during 
fermentation, and obtainable from alcohol by pouring 
two and a half parts of sulphuric acid on one part of 
anhydrous alcoliol. It boils at 6.36®, and has a specific 
weight of 1’138. It has a flavor somewhat resembling 
peppermint, and imparts a vinous smell to the wine 
newly formed. The salts procured from tlifs oil are 
identical with the sulphovinatcs procured from sulphuric 
acid and alcohol. There is also a lighter species of oil 
of wine, specific gravity = 0*917 to 0*920, resembling 
olive oil. It is composed of 0,0 Hj,, or very nearly the 
proportions of olefiant gas. 

Climate makes an important difleronce in the com- 
ponent parts of the wine-must, as well in the acid as 
in the sugar dissolved. Hot climates produce a must 
rich in sugar ; but this difference does not appear to 
affect the extent of the nitrogenous matter in the must, 
for it seems to bo all expended in some wines before the 
sugar is converted into alcohol ; and a part remaining 
undecomposed, it produces the thick sweet wines of 
the South. In colder regions the nitrogenous matter 
and sugar being alike expended, and tlie wine^as it were 
balanced in regard to theso principles, as in some 
German wines, dry long-enduring wines are produced. 
When the gluten is in excess, the wine, not preservable 
with facility, is soon converted into acetic acid if great 
care be not taken. It absorbs oxygon, and the oxida- 
tion is communicated to the alcohol. This oxidation 
may be prevented, and the conversion into acetic acid 
arrested, by the addition of a sitiall quantity of eul- 
pbnrio acid. Fermentation has been ascrilied to the 
growth of fungi and infusoria ; bat much more evidence 
miwt be given before this can be received as a fact 

to practical vinification — the method of 
the produce of the vine in fermentation differs 
llpibthe season, nature of the fruit, tempora- 

jmw of the vineyard^ soil, mode of culture and fancy of 
inc proprietor, who la ofteU guided by local custom. In 
iBomo places the wine is not euffec^ to remain in the 


vat moir© than from thirty-six to fojrty houwu Jlear 
Lyons in France, it remains lux or ei^t 4ayS| and in 
general' from ten to twdve. In the Sou1h>^ifieft nf 
France, it remaiiiB hrom twenty-five to ft^y ; Imd 
Narbonne^ it is earned up to seventy days. /When 
the farmer is asked how, the fermentation being over 
and the wine at the temperature of the atm(^pheTe, 
he suffers it to remain stili in contact with the stalks 
and stems to dear itself in the vat; he repUes, It is the 
custom, and, if warned again of acidity through the 
breakage of the ecum or crusty he answers he only ads 
according to naage— it should be ignorance. It Is 
true the crust is almost always compact ; but it is a 
haziard unless the saccharine principle be abundant, 
and the albuminous matter aU taken up. 

Vinous fermentation in general takes place under 
the free admission of air. An attempt was ma^ by a 
Madame Gervais of Montpellier at the dose of uie last 
century, to introduce fermentation in close vessels. The 
idea was not new. M. be la Plombanjeb, M. Porta, 
a Neapolitan, and the German chemist, Becker, at the 
commencement of the seventeenth centuiy, had recom- 
mended the same process. But the admission of tlio 
atmospheric air is indispensable to the operation. A 
considerable noise was made about the invention, 
which, it was supposed, would preserve the aroma, 
and prevent the escape of alcohol. M. Dei^AVEAU' 
instituted some experiments with groat care under a 
fermentation for nineteen days, when it was found that 
the retain from the vat had the most agreeable flavor; 
that the wine distilled afforded a spirit only equal to 
that fermented the usual way ; the latter if anything 
yielding the largest quantity of alcohol. The vat witli 
the invention gave sixteen and a lialf alcohol at a 
temperature of 80®*5; the vat with a simple cover, 
generally used in the South, sixteen and three-eighths ; 
and that not covered at all, sixteen and an eighth. It 
was thought that the color of the red^ wines was 
somewhat deepened by the invention ; but noitlior the 
aroma nor tho vinosity was increased, nor was the 
invention considered of moment, so as to comb into 
general adoption. Long experience had proved the 
efficacy of tlie 0I4 mode, and chemistry could find no 
ground to impugn it in a scientific semie, Tlie strength 
of the wine, besides that which may be denominated 
alconol, or rather its endurance, is in some degree due to 
the stems and the tannin it contains; but though used in 
port and some similar second-class red wines, they ate 
excluded from the delicate red wines of France, though 
adopted in some of the white, while they are also 
excluded from tlie Bhino wines. In Spain the wine, 
having in Andalusia a groat enduring power, is Iqft to 
ferment in the butts, into which it is taken in tho m>sto 
or must state. Tho bungs are left open, and tho wine 
and froth thrown up in the fermentation are poured 
back mto the barrel to feed the wine, as they phrase it 
This causes a renewal of the fermentation at every 
atmosplierioal change, and even on any accidental 
motion of the cask. ""In the month of March after tho 
vintage, for the first time, the wine is racked. Tho 
advantage of large vats has made no way with tb©. 
Spaniards. It might be best, gnim sabe, but he keG{)8 
to tho old track. The deHcate and ohoioo French 
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%ould be ruined by such a mode of conducting 
tiie fermeutative procesB, 

' On the Bhine the fermentation, after the must is 
ready made from picked fruit, the stalks put aside, and 
the diiferent pressings set apart> takes place in casks, 
to preserve the aroma. The wine is then repeatedly 
racked, and placed in tuns holding about eight hogs** 
heads and a half, where it remains for many years to 
acquire perfection. Some of the older tuns, in which 
the wine no doubt mellows best, are those locally 
denominated and will contain three hundred 
and fifty tuns. The celebrated tun of Heidelbeug 
has long been renowned. It is thirty-one feet long by 
twenty-one high, and holds one hundred and fifty 
fiidors, or six hundred hogsheads. It was built at 
I Heidelberg in 1603, as a successor to one which lield 
only hundred and thirty-two. There was onoc a 
larger tun at Dresden, shown in Fig. 620, which held 
three thousand seven hundred and nine hogsheads. 


It Will be interesting to the reader to know the 
strength of the must at different periods. The specific 
gravity of the Pedro Ximenes must at San Lucar, 
after two days’ exposure to the sun in September, was 
1*092. At Paxarcto in October, its must, after four 
days’ exposure, was 1 *121. The must of the Mantno- 
Castillan grape at San Lucar in September was 1 *069. 
The black mollat grape at San Lucar gave a must in 
the middle of September of 3*064; and at Paxarete, 
the lost day of tJie same month, 1*089. At Cln'piona, 
in the middle of September, the muscatel called gordo- 
blai^o, a largo white variety, after three days’ exposure 
to the sun, gave 1*089; at the end of the month 3 *096; 
and in October a specific gravity of 1*314. At San 
Luoar, in the middle of September, the white Temprana 
grape gave about 1’075; but, on three days’ exposure 
to the sun, the specific gravity was 1*3 34. This last 
grape at San Lucar is cultivated to tho extent of ninc- 
teen-twentielhs of the vino lands. In the Paxarete, 

, Ximenes, Muscat, and Tintilla wines, it enters largely. 

In Hungary are made the celebrated rich liqueur 
wines JSasenceftf and MaslaSj vins cuits^ 

and wines suppressed in fermentation* mingled with 


other substances, and so long noted for their excel- 
leuco ; the gra{)€B are carried in sacks, for the mak- 
ing, as tliose of Szamorodny, for example. They 
are treated in fermentation in the ordinary manner. 
The fruit or tlie essence, already obtained without 
pleasure, and over-ripe, is carefully picked upon a 
large table, called a sorting-table, and placed in a cool 
vessel covered over. It is then put into a large vet, 
where men with cleanly washed feet, under a superin- 
tendent, tread thorn into a paste. This grape paste is 
then placed in a second vat, and covered over. New 
must of the common wine of tho country is then poured 
upon it, the quantity of which used determines tlie 
quality of the wine, or wine de liqueur ^ according to tho 
owner’s pleasure. Sometimes two measures, or four, 
five, or six of the essence arc added to ton of tho com- 
mon wine. The proportion of six to ton is rarely 
exceeded. Tlie wine and paste are then mixed, and 
left for a couple of days, or for three, if the tempera- 
ture be low, stirring the mass frequently. 
Tliis thick must is then conveyed to the 
press, a slight pressure producing tho 
richest kind ; it is next conveyed into a 
cask, and thus becomes the celebrated 
Tokay Ansbrucli, or flowing syrup. It is 
skimmed while fermenting, and strained 
into casks. It has a fine aroma, but 
never becomes very bright. It is soft 
and oily on the palate. There are two 
species, one containing generally sixty- 
ono parts of essence, and eighty-five of 
wine; and the oilier called muslas, having 
sixty -ouo parts of essence to a hundred 
and sixty- nine of wine. Tho best sells 
for twelve pounds sterling tho dozen. 
The fermenting and purifying proceed 
together. That of 3811 was celebrated, 
the fermentation having been perfeet. 
There is besides a great variety of wine in 
Hungary, but all of a peculiar characler. 

The greatest care in manipulation, and the most 
scientific methods in llio treatment of wine, have been 
tried in France, and tne result has been the production 
of the finest wines in the world. Tho removal of the 
wine from the vat to the cask^is there as carefully 
regarded hr the w*ork of fermentation. The casks are 
all made ready at the same time as the vats. , If tlie 
wood of which they are made is new, they will not 
fail to communicate an astringency and bitterness to 
the wine. To prevent this, the casks are repeatedly 
washed with cold water, and then with hot, in which 
peach loaves and salt are infused. They are repeatedly 
sliaken while the fluid is hot, and then are loft so that 
the wood may absd^b them, and they may penetrate 
into tho pores of the timber. The casks are now 
emptied, and boiling hot must, to the extent of two or 
throe quarts, is introduced. The bungs are put in, the 
casks shaken, and then loft to cool* Borne use only jiot 
wine in place of the above substances. If the casks 
are old, they scrape off tho tartar that lines tinf* staves, 
and wash them wiUi hot watOT and must, of wine. If 
they have contracted an Bl smell,, or show tho least 
mark of decay, they are buroed at once, because, in 
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spite of all that can be done, sooner or later the bad 
effects will appear- Oasks should be sulphured, if 
the least si^picipn aitadh to them, by the introduction 
of a match at the bung. Such casks are generally 
made of oak stares, btit some prefer beech* They 
bear different names in different parts of Franco, as 
harinfim at Bordeaux, 'bott$ at Lyons, fun, and pipe^ et 
cetera, in other places. When large, they are called 
Tmiids, and very large oncBfoudres. Some have pro- 
posed vases of clay varnished, but they are considered 
porous, and cannotbe easily conveyed from place to place. 

The wine being fermented, the duration of the fer- 
mentation, depending upon the state of the temperature, 
the amount of sugar and similar things, to be decided 
upon observation and according to the season, tlie wine 
is drawn off into the cask. Some of the finest Burgun- 
dies, called wines de primeur, only remain in the vat 
from six to ten hours. The rest in the vat is only im- 
portant on account of the color. If tlie skins were 
sufficiently broken, so that the coloring principle stands 
in no need of the action caused by tho tumultuous fer- 
mentation to bring it out, tho fermentation with tho 
fruit and its grains being often moro mischievous than 
useful, it is omitted. If the skins are sufficiently 
bruised and lorn, when the fruit is trodden, to give out 
all the coloring matter, it is not considered wise to 
suffer the must to enter tho vat after pressing. 

The drawing ofi’ the wine into the cask at the exact 
moment is a point of groat importance. Tho crust or 
chapeau having fallen, and active fermentation ceased 
to tho eye, all being perfectly quiet, tho examination with 
a wine glass, tho taste, color, and odor, except tested 
by experience, are often fallacious. Taste and smell are 
BO different in individuals that there is much uncertainty 
upon tho time when it is ‘ best to operate. The heat 
generated in fermentation depends mainly upon the 
quantity of glucose or grape sugar which has entered 
into the spiriluoiiB stale. No fixed rule exists. It is 
frequently found that tho maximum of heat is attained 
after twenty-ono hours of fermentation in one case, 
and in another after ten, while the wine is not really 
perfected perhaps for twenty hours longer, so that the 
thermometer is no reliable guide as to the vinification. 
Something to detcrraiu.e the fact of the vinification 
•mechanically, was long considered a desideratum by 
tho French producers. There were the differences of 
climate, soil, and spocios of fruit to be considered. An 
attempt was made to ascertain this point by means of 
a vertical rod, marked with a scale to sliow the eleva- 
tion and depression of the fluid, it was placed in the 
middle of the vat to indicate the depression of the must 
after its previous repulsion by the fluid, and tliat the 
time thus indicated should be that of drawing off tho 
wine from the vat. This was found to bo correct 
in seasons when the sugar was abundant, and then tlie 
moment of the retrogradalion of the must was the best 
for emptying tho vat. In wot seasons, on the other 
hand, tho indicator did not seem to answer, but the 
ffefeiitor bad little doubt of success in establishing a 
scale indicate the time sought in different seasons 
when the temperature varied; but he was unable to 
carry out his experiments beyond three seasons, having 
boon compelled to become an 


In drawing olBt the vat it is necessary, before oomr 
menoing, to take awi^y with great care, by the use of ^ 
wooden shovel, that part of the head or crust 
having contracted acidity by exposure to the if ft ’ 
broke and became mingled with the mustbeii^lik would 
spoil the whole mass. The must drawn ofl^ the murk 
remaining in the vat is pressed for tlie wine called that 
of the press, which is equal in quality to that which 
has been drawn from tl»e vat without presBure, The 
wines thus made are called that of the first, seoond, and 
third vattlng, as before stated* The first taken is the 
most spirituous, and the last the harshest, sharpest, 
and deepest-colored. The second pressing holds * a 
middle quality. The residue of the murk is used for 
the manufacture of verdigris, for the food of cattle, for 
vine-dressing, or for nourisliing pigeons, which greedily 
devour it. These later wines of the press are some- 
times mingled with that of the vat, an indefensible 
practice, because the wine from the vat will often by 
such a mixture lose its own peculiar delicacy. 

The wine being in cask is, in the pure wine coun- 
tries, directly placed in the cellar. The cellars vary 
in different countries. In Spain those of the Xeres 
district are of great size, to the extent of three bUndred 
English feet long by above two hundred broad* Four 
thousand casks of wine are arranged in similar cqUoth 
in tiers, and are called soleras. The wines of different 
seasons are mingled in these, so that one will contain 
some of each vintage for Ihixty seasons. The wine is 
fermented in tho butts, tlie bung-holes being left open 
without endangering the wine ; nor is the dollar tora- 
peraturo much regarded, such is the firmness of tho 
wine. In Valladolid tlie cellars are deep in the earth, 
like mines, with huts over them. In France tho cel- 
lar is an object of peculiar care, the oxquiwtely deli- 
cate wines of the first-class in that country demanding 
great attention as to safe-keeping in their highest and 
most perfect state. The best and favorite cellars are 
held to be such as are situated under Uninhabited 
buildings, as is obsciTable in tho places most noted for 
the culture of the vine, having a Northern exposure, 
and fifty or sixty feet deep, according to the diyness or 
the humidity of the soil. A uniform degreo of mode- 
rate humidity is best. A cellar too damp causes tbo 
decay of the barrel staves, or covers them with a 
mouldiness which communicates a bad! taste to tho 
wine. If a cellar bo too dry it makes tho staves of 
the casks shrink, and the wine is wasted by leakage. 
The air should be admitted only by small openings, 
facing the North, made near the’ roof or vault, and sus- 
ceptiblo of being closed when the weather is too hot or 
too cold. The vault or roof should be as solid and 
thick as possible, in order that no external concussions 
should bo communicated to the wine. The soil above 
the vaulted roof should be united and well beaten 
down, and tliat part designed to receive the bottled 
wine should be covered with sand or fine frosli- water 
gravel. a 

Tho casks should be placed iu a position perfectly 
horizontal, upon wooden beams six or seven inches 
square, supported by otherfi transverse. Wedges sliould 
be forced luuler the casks on each side to keep them 
steady, and neither the casks nor their supports should 
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t 0 iibh the wall of the cellar. If tlie caeke ore not set 
Iji^ifreotly level, the wine leei will collect in the back 
* ^art and prevent the wine flowing clear out of the cask 
the nsual way. If the front be too mitoh raised, the 
lees witi come to it when ihe cask is elevated behind, 
in order to draw off the last of the wine, and thus 
stop the passage. The lees should settle in Hie belly 
or hollow of the staves, which will take place when the 
casks are kept perfectly horizontal with wedges, as 
shown in Fig. C 21 . Attached to the cask here given is 


Fig. 621 . 



an air tube, io illustrate the mode adopted in some 
parts of France to prevent the adi;)|ju 3 sioD of air over 
the wine, so apt to cause acidity. 

The tube or canal, « h c, is of the common form, 
except that the bottom of the tap at d is pierced 
with two apertures, of which the lower serves for the 
passage of the liquor, and the other corresponds with 
tube c A, by which air is introduced into the tube 
to repkee tbe liquid drawn out, Tlie result is that it 
suflices to turn the tap, k, to cause the liquid to run ; 
and to shut it, that all communication with tlie exterior 
air shall be cut off. It is evident that when tho tap 
is turned tho wine will run out, and that the exterior 
air will replace that wanting by the tube e f cj c and 
that on shutting, A;, the pressure of tho air will cease 
with tho running of the wine. The tube is can-ied 
higher than is necessary, that the wine may not enter 
the tube at 7 i,^and may have tho least possible distance 
to the surface of tho wine, and thus prevent agitation. 
The tube at h, and the tap at h, both enter the cask. 
When tho cask is to be all drawn off at once, of course 
such an application is .superfluous, but it is invaluable 
where small quantities are taken in draft. 

No garden stuff, green wood, flowers, fruits, or simi- 
lar substances must be permitted in any cellar in which 
wine is kept, because tbe gas disengaged from them 
promotes acescency. The wine being deposited in the 
cellar, the insensible fermentation commences but too 
sensibly if that in the vat was imperfect. Carbonic 
acid gas still makes its escape, augmenting tho volume 
jpf the wlne^ and forcing itself out at the bung in froth 
or sepm. Hence it is necessary to take care that the 
casks arc not quite filled when they leave the vat. 
At least two inches* space is left, and the bung driven 
home to prevent the slightest entrance of the atmo- 
spheric air. A gimlet hole Is made on the upper side 


of the cask, and stopped with a peg in 0 rd<«* 

to let the carbonic gaet escape. . Some wine-makers 
place in the hunghole a linen doSi, filled or eovered 
with sand or vine leaves pressed down with a tile. 

When this fermentation ceases, and the wine has 
sunk down, the cask must be filled up and hermetically 
closed with linen round tho bung. The operation of 
filling up by tlie bung is denominated In some 

places ullage is performed every day for the first month, 
every five days for the second, and every eight until 
the wine is racked. Tho celebrated Hermitage wine 
is thus treated. At Bordeaux ullage is performed on 
Hie eighth day — filling up exactly every ten days dur- 
ing the first month, and then once a month to the time 
of racking. In other places, if tho collars are dry, twice 
in two months; if humid, every three months. Ullage 
is performed in fine weather with wine fully equal 
in quality to that in the cask. The cellars are to bo 
visited daily to guard against accidents, such as a leak 
in a stave from a wormhole, injury from commotion in 
carriage, mouldiness of the staves if the cellar be too 
damp, or shrinking of the staves or heads in those 
which are too dry. The wine from time to time is 
tasted, to ascertain its state and remedy any perceptible 
mischief. When ullage is neglected, a white inoukli- 
ness, called the Flower^ is observed on tho surface of 
the wine — a certain forerunner of acetous degeneration. 
The air is at once forced out, the nozzle of a bellows 
being introduced for that pmpose, and then it is ngi 

Fig. cm. 
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tated. A sulphur match is introduced, and the bung 
inserted. The cask is struck from below, to raise any 
concealed air bubbles to the surface, and to carry all 
tho mouldiness possible to the hunghole, which Is filled 
80 as to make the wine run J^ver, and thos^ efforts arc 
continued until no vestig^ the Flower appears. 
Tho wine in the cellar is observed to work much when 
tbe vine commences to bud, and when the fruit ripens, 


which ^ttnbute$ to the chttDgc$ io Ihe juipe of 

the vine* Fabbrpnsl aiid other diithontiee he^ «taAed 
*that thie i^enomenji^lis only obaervible,w1)0A the 
tides of the wine heiire not , been separated by a sulhciept 
quantity of alcohol— -in other words, when the glncpae 
was not equal to the euljogaUon vf the gluten, and the 
other CDDStituents were not in due pro|)ortion* This 
fermentation is preventod by the use of Bulphurio add, 
sulphate of lime, mercurial oxides, additional afeoliol, 
camphor, ice, and water at the boiling point. When 
the wine is still, it is perfected, and only deposits its 
lees, consisting of portions of the pulp of the fruit, of the 
coloring matter, and of tho tartar, which last is found 
crystallized on the interior of the staves of the cask. 

Tho next process is tliat of racking, undertaken to 
clear the wine of the suhstances which tend, by mixing 
anew with tho wine, to form a fermentation. It is an 
operation not generaUy performed at a stated time. In 
some places it is done in December, after the vintage, 
when the wine is required to be moved ; if not, it is 
done annually, generally in the months of February or 
March. In some countries this operation is performed 
twice the first year, in spring and at tho end of Sep- 
tember ; in others, at the end of December and middle 
of May — tho first during a sharp frost. Much, how- 
ever, depends upon tho quality of the wine. Generous 
wines may rest upon tho lees J;hree or four months, and 
1)0 only racked onco in two years, but in general tliey 
arc separated from their lees before the first equinox of 
the spring succccrling the vintage. There are times 
wlicn, on the oilier band, in lieu of racking, it becomes 
uocessaiy to recombine tho lees with tlio wine, in 
order to establish a fermentation which may ameliorate i 
them and promote their maturity. This operation 
being of importance, it is necessary to describe. Tlie 
smallest iiiadvertoneo will produce, in conducting it, 
the acetic action, the tendency to which, the moment 
it is perceived, must bo met by racking at onco, and 
moving it to tho coldest place possible, and before 
racking it must be fined. The weather most proper is 
that which is dry and clear. 

The wine is drawn ofl' carefully iiiut it be not dis- 
turbed, and when the cask is stouped for the last of the 
liquor, it must be done with great care and judgment 
by hands accustomed to tho operation. The Beaune 
wines in France are generally racked by the introduc- 
tion of an instrument into the cask well calculated to 
draw oft" the fluid without disturbance, and these wines 
are always remarkably fine. At Condrieu on the 
Bhono, the wine is racked eight days after it is made, 
and before the end of the month It is fined, then racked 
anew, sometimes twice ontiirice at an interval of fifteen 
or twenty daj’s, in order to procure tim lirajiidity so 
desirable. \Vines not cleared sufficiently by racking 
are fined, the substances used for the purpose being 
isinglass and whites of eggs. The isinglass is cut up and 
steeped in a little wine, until it becomes viscid and 
softened. It is then thrown into tho cask* The wine 
is ailoKwards strongly agitated. The quantity of finings 
used is about ftve draclims to oyciy fivji or six hundred 
litres or qtmrts of wine# ^ The w^tes of eggs, preferred 
in soiOe plaoo% are well ieaten, up in a little 
poured into the cask| and left, io tost for ten or fifteen 


days, when the w&e is racked during the fiiyt Northerly 
six to ten fresh eggs are used for every 
twenty^t^o gallons {mpca^al. Various substanoed^A^: 
been applied for tbe purpose, as gmn-arabi^ hart^orht 
calcined fimt, rice, milk, and starcb, but none ^odojoe 
tbe desired effect so promptly as isinglass or the white 
of the egg. Ordinary wines lose their acidity by fin- 
ing, and the finer classes increase their brilHaucy and 
clearness. 

Wine is sulphured at times, in other woi'ds, impreg- 
nated with sulphurous gas, by burning sulphur matches 
over it. These consist of a roll of linen or cotton an 
inch and a half broad, and six or seven long, dipped in 
melted sulphur, to which powdered leaves of aresnatio 
plants are sometimes added. Those made at Stras- 
burg are noted. The match is suspended from tbe 
bungholo by a wire, and being lighted, the bung is 
closed. Tbe air within dilates and escapes through 
the smaflest opening. The operation contributes 
greatly to preservation of the wine, though some 
say it injures the color of red wines. Those who 
object to it throw a little brandy into the cask, to which 
they set fire with a bit of lighted siting, and while it is 
burning close up the bung, leaving only just air enough 
to keep up combustion. In o^er gases a wine is 
made; the fermentation is arrested, and the must 
placed in a cask until it is a quarter filled, and a num- 
ber of sulphur matches are bunied over it. The cask is 
then closed and strongly a^tated, until no gas escaped 
on opening tho ling. More must is then added, and 
the agitation repeated, until tbe cask is full. This must 
never ferments, has a sweet taste, smells strongly of 
sulphur, aud when a certain quantity of alcohol — of the 
strength — is added, a wine named wine of 

Calabria is the product, employed principally to give 
strength and sweetness to wines deficient in those 
qualities. 

Mulder states that Vfino, stored in wooden casks, 
loses water, whether mixed wilh alcohol or not. But 
if evaporation afiects tho contents of the cask, the loss 
must be repaired, otherwise tiie action of the air would 
turn tho wine acerb, and convert the alcohol into 
acetic acid. It is chiefiy water which is evaporated, 
and its loss is made up by adding wine. AH the con- 
stituents of wine, with the exception of water, ai'e 
hereby increased, and the wine becomes not only 
stronger, but bettor flavored. The vinous com- 
ponents being more concentrated, are better able to 
act chemically Upon each other, and this, per ecj wotild 
account for the improvement of the wine. Here one 
has a gebcral statemout of the causes upon which the 
difference between new wine and that which has been 
stored in casks mainly depends. But the (diange is 
earned still further. The concentration of the wine, 
or rather the diminution of water, which is cohtinually 
replaced by \yine, causes a constant augmentation of 
tartaric acid in the wine. Wines which are poor in 
sugar may easily become too pour, and all wines cannot, 
therefore, undergo this process. The "quantity Of 
tartar in the wine is not increiwed; for, being insoluble 
in alcohol, tho continual Increase of alcohol precipitates 
it That which is augmented is tartaric acid, which is 
soluble in akohol^ and ini^ablq in cream of tartar. 
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^jJHiadeira, and such like mnes^ ore sent to warm coun- 
t?ios to improve. MuLDEJt had Madeira which had 
iieen seven times in cask to the East Indies and back, 
ar\d says he, mok nectar was urdcnCwn to the 
gods of the anckrds. The drier tlie atmosphere is 
which surrounds the casks, the greater will be the 
evaporation. To avoid* this, care must be taken to 
prevent draughts, and to keep the air of the wine stores 
or cellars moist. 

Wines remain in wood different periods, according 
to their qualities, and while thus resting are in a state 
of improvement. Some repose only three or four 
years before bottling. Tender, delicate, light wines 
gain Httle in the bottle, while strong spirituous ones 
preserve well in that state, and to a certain point 
improve. In bottling fine wines the bottles and corks 
should be now ; the smallest defect in the latter deter- 
mining their rejection. The French dip the corks and 
the bottle necks in a composition difibrently colored, to 
distinguish the wine, and thus sliield the external part 
of the cork and a little of the neck of the bottle with 
it from the action of the air. This composition is 
made for throe hundred bottles with two pounds nine 
ounces of rosin, half that quantity of Burgundy pitch, 
j a fourth of yellow wax, and a small quantity of red 
I mastic melted together, so as to form a liquid mass in 

j which the corked necks of the bottles are dii)ped. In 

I tile cellar the bottles should bo placed horizontally, to 
i keep the corks always wet. Fine fresh -water gravel 
I or sand is their best bed, and keeps^io wine cool, but 
sea-sand from the salt in it, is pernicious. Sawdust 
only answers for coarse wines. 

Wines of fine quality can only be mixed with others 
of a like quality to render thorn more generous, or to 
have a larger quantity of one particular flavor. It is 
a robbery or a great abuse to sell \vine mixed in any 
other way for a genuine growth. Wines of Bordeaux 
are sometimes strengthened with hermitage or wino of 
Caliors, and are known as Medoc wines ; but they are 
genuine and of good quality. Wines aro liable to 
alteration and to degenerate. Such are loss of color, 
bitterness, acidity, tasting of old, of the wood, of musk, 
mouldiness, and what the French call graise, milkincss 
or cloudiness. To amend the last they use pure 
tartaric acid, taking care that little of the carbonic gas 
given out shall escape from the cask. This acid is 
composed of 2 HO, Cy O^o and is found in a good 
many fruits beside the grape. The acid is rQjngled witii 
sugar and introduced hot into the cask, winch is closed 
and agitated for five or six minutes. Two days after, 
the wine is lined in the ordinary way. The carbonic 
gas is the agent of the cure. Wine is sometimes 
parsed over fresh Ices as a remedy for the same disease; 
and then racking is had recoiuse to afterwords. Acidity 
generally attacks wine which wants body. This never 
amends itself, but proceeds to the acetic state if left 
alone. Taken at the earliest moment, it is transferred 
into a cask impregnated with sulphur by the means 
before described; and different inodes aro employed 
for the Ottte of the mischief. Some dissolve honey, 
others HquorieO, in the wine. Acetate of magnesin., 
bone gelatin, and Bimilar 'Substances b-ws n*ied; but the 
best mode of ourq is to pass the wino. over titetelics in 


the vat, after the vintage product for the year lias been 
drawn off; Even then it should, be drank early, for it 
cannot be trusted over another season. Offehtitnes 
the acetous fermentation has already commenced, and 
there is no resource but to leave it to the vinegar- 
manufacturer. The bitterness in wino will sometimes 
become cured by itself when in bottle. It takes place 
in old wine. If not cured by passing the wino over 
fresh lees or mingling new with that attacked, it should 
bo reserved for the still. Loss of color generally hap- 
pens to the deepest-tinctured wines approaching age, 
arising from a species of fermentation for which recourse 
is had to purified tartar reduced to a fine powder 
and mingled. If unsuccessful, it must be mixed with 
a younger growth. The taste of old and musk — tlie 
latter thought to be caused by Ihsects — tlio doj^ositions 
of diiferent wines, and the taste of tlie wood, add to the 
multiform cares of the wine-grower and admit of a 
variety of applications for cures not always successful. 
There is a wide road hero for chemical investigation 
and experiment yet untrodden, as there is also to 
determine exactly those constituents which give to 
certain wines their delicate aroma and flavor. The 
odor which is peculiar to all wines must, to a certain 
extent, be ascribed to cnanthic ether. — Vide Alcohol, 
vol. i., page 105.-— I’he volatile suhstunce existing in 
wine, which imparts to it, conjointly with cnanthic 
ether, its vinous fragrancy, is alcohol. Othei beautiful 
volatile compounds have been detected in wine, but 
there is much yet to bo discovered. To what substance 
does a fine Sauterno owe its most peculiar but magni- 
ficent bouquet? Acetic other ajjpears in most, perhaps 
in all, aromatic wines, and is developed in tliorn by 
time. The adulterators of wine are well acquaiJitcd 
with tliis fact, and know bow to make use of it. Acetic 
ether is largely sold for this piirpoRC, and added in 
proportion ably small quantities to which which are not 
aromatic, to improve their fragiancy. Two or three 
drops are ample for a bottle of wine. The reader is 
here referred to the article Etiieh, vol. i., page 832, 
for full particulars with regard to the properties, etcetera, 
of the delicate other existing in wine and spirits. 

Besides the wines denominated sweet and dry, pre- 
pared from the fruit in the mode, and their diflerence 
arising from causes already stated, llicre aro prepared 
wines in which the must is concentrated by evaporating 
a portion of the aqueous part, a very ancient custom 
wherever wine of ibo usual kind is made, called in 
France vins cuits, in Italy mm cotto, and in Spain, from 
the Arabic, arrope. The wino is boiled down to a 
third part, being skimmed of its froth, and somotimes, 
while boiling, aromatic substances are infused, or else 
it is used in its unperfumed state for strengthening 
other wines. 

Dry and sweet wines, or wines of Uqueur, are dis- 
tinguished principally by the saccharine principle, in 
sweet wino, not being all converted into alcohol, the 
glucose surpassing the gluten in proportion, and the 
change being in consequence only partially effected. 
Such are the wines of Malaga, Kiywltes; r? nd Freuiig- 
nan, and the wines from ridii tetieeiditil grape more 
especially. Straw wines ore also sweet wines, made of 
grapes for some months suspended upon stiaw bands 
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aud afteywaida pressed and fertnouied. The produce 

and sixty^siA thousand gallons having been botUed in 



fs al^ont a myth on]ty of that obtained at the vintage. 

one season in tho arrondij^omont of Epemay alone# In 



It hasia strong rich^iavor of the dried raisin. There is 

March or April the bottling oommenoea. H diSe 



also a ivine called de Grenier iti France, made in nearly 

earlier, the breakage would be greater, fifteen per cent 



the same manner, and a sweet white styled de Gestde. 

being the "Ordinary loss. In the fermentatiod the car- 



Another wine of a very distinct character and of 

bonie gas not bemg allowed to form sufiieiently or fully 



two kinds, one drier than the other, is procured by 

develop itself in the cask, it is quickly reproduced in 



suppressing the fermentation, in other words, retain- 

the bottle ; the saccharine principle renews its progress 



ing the carbonic gas to a considerable extent. This 

towards alcohol ; and if the latter be sufficient to pte* 



species comprehends the wines of Champagne and 

vent tho decay of tljo wine, the quality is good. This 



their unworthy imitations, called sparkling Burgundies, 

wine does not effervesce in unifonn times. Some kinds 



MoselleH, and otliers, all managed in the same mode. 

will do so in a fortnight ; others will bo montli^. before 



There is a genuine wiuo at Arbois of the same kind, or 

the signs appear. One wine will require a change of 



ino'ussmuxj as the French term it, made in a mode 

tomporature for Hie purpose, and must be brought up 



somewhat different. The crust or chapeau is allowed to 

nearer to tho surface of the gfound, if the cellar be 



rise and settle over the must, as in the common mode 

deep. Another kind will not exhibit itself until the 



of fermentation, so fur as that tho ferraeutation is not 

month of August, and a third kind only at the time 



visible and no further, in order that tlio wine may be 

the owner’s patience is almost exhausted, when it will 



racked off in a clear state, being watched clay and night 

appear unexpectedly. If a wine shows no sign tlie first 



for the period when bubbles of carbonic gas begin to 

year, it is mingled tho next year with new wine kiiown 



appear on the surface. It is then racked into a vat 

to possess the effervescing principle, Notliing is cer- 



and remains until a second crust or scum forms, and 

tain ; the cellars, their soil and depth, the air-holes, tho 



this is repeated until the wine is perfectly limpid. It 

diffcrepce of the place of growth — all seem to have an 



is now placed in casks carefully kept filled. The bungs 

inexplicable effect upon tlio operation. 



are daily examined in case of starting, that tlic cask may 

The bottles, carefully cleaned by rinsing and shotting, 



bo lillcjd up Immediately. Tho air is excluded when 

are placed in the working shop or atelier. The barrel- 



the fermentation ceases, racked again in January or 

heads are bored, and a small ];)ra$s pipe with a gauze- 



the following month, and in March fined and bottled. 

strainer, is inserted. Tl^e bottles are filled so as^ 



The corks being wired, the wine is deposited in a collar 

allow about two inches clear space between the cork 



of the re(iuisite temperature. 

and tho wine, Itliis space diminishes, while tho car- 



To return to the more celebrated wines of Champagne, 

bonie gas is generating ; and the fractured bottles show 


• 

1 distinguished as still, creaming, and sparkling wines, or 

that tho expansion of the fluid has primarily quite filled 



! mousseauXy cmnatiSy and non-mousseauxy of which the 

the void. A workman who fills tlie bottles passes them 



i two last are most in esteem. Tho best frotli very 

on the right liand side to the principal operator, who is 



slightly, as Sillery ; and the finest, called vin du roiy not 

seated upon a stool, with a little table before him covered 



at all. Those wines come from the banks of tho Marne 

with sheet-lead, and about as liigh as his knees. He 



and constitute a uniiiuo class. They are made for the 

inspects tho allotted space between the cork and the 



most part of the blackest grapes, gathered with care, 

wine, regulates it exactly, selects a cork, moistens it, 



and only the sound fruit used. The grapes arc cariicd 

introduces it into the bottle, and strikes it so hard two 



to tho press in baskets, covered up from tho sun, and 

or throe times with a wooddh mallet, that an observer 



I)lacod on tJie press with as liltlo motion as possible. 

wonders it is not broken by the violence of tlie blows ; 



The must is poured into a vat for a term of from six to 

and yet fracture tliis way is rare from the attention paid 



fideon hours, that tho dregs may be deposited. As 

to tho management of tho bottle at the same moment. 



soon as ever fermentation appears, tho wine is trans- 

This workman then passes the corked bottle to his right, 



ferred to tho cask. The product of tho first pressing 

where a tiiird workman, seated precisely in the same 



is set aside as tlio choicest. Tho second pressing, or 

manner, crosses the cork with pack-tliread, and ties it 



the wiuo of the Jirat c?ittiugy lightly colored and spiri- 

strongly. He then passes it to a fourth workman who 



tuous, partly oomposes tho effervescing wines. The 

wires liio bottle, cuts tlie wire, and hands it to a youth 



wine of tlie third pressing is kept for giving strength to 

who placcl^c bottles upright in the form of a parallelo- 

in-' 


tho ordinary red wine of tho country. This wine is 

gram, so that they can be counted in a moment* The 



put into bottles in March or April. At Illioims, on tlie 

daily labor is calculated at a drawing of from sixteen 



other hand, thoy bottle the Sillery in January, although 

hundred to seventeen hundred botties. The best o<ffiars 



at the risk of its imbibing tlie elfervoscing quality. It 

of Epeniay are tlioso of M. Moet, and tlie bott}cs run 



having been thought advantageous to secure champagne 

in a pile from end to end, six foot high, and are cairied 



of a uniform quality, which it was difficult to do from 

down in osier baskets, Laving in each twenty-five caeea 



its being put into small casks; tunsliolding twelve thou- 

for the bottles. Two men carry them by leather belts 



sand litres were a few years ago introduood at Rheims 

drawn through tiio handles of tho bhsket. are 



l;!y -A Dorman house, and the advantage of their use 

prepared beneath in ceiUGHt to cany, a^vay the wine 



became evident 

from the broken bottles in the pfics, with reseivoii's to 



The to, .procure bottles of great strength, ! 

collect it. Tho botties are placed head to. tail on latihs, 



free of air butlfbfcB, of the bfopt size, and without a fiaw. 

tlie corks one way the reverse of the other, ^ 



Tho number required to bottle effervescing wines in 

The piled are very solid; and any one of tlie bottles. 



the department of the Marne is onormpus;, eight hundred 

with the neck to the rear.^f the pile, oanbe easily with- 
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protiesit tO the Inat being kborioan 4 Mid expeminm 


drnwm !n order to esamtne its stfvto) and see if the car« 
b<^ gas is detoloi>ed. Ifnoti ftS must be got into 
p]%er state^ oost^bat it may* Wben a bottle is dram 
from a pile, and kepitin ^lioviaoiital position^ a deposition 
is generally observable oalbd the or daw^ 
its brstnobing appeanmoe. Betoe a bo^e bretd^s, the 
vacaney below the eotk disappears by the expandon of 
the earbonk acid^ whkh generally oecmrs in Jnly or 
August^ when commonly from to ten per centt. of 
bre^age is experienced ; too often the miscMef reaches 
from thirty to forty. Soiaetimes, erf the same wine in 
tlie same part of the oellar, one pile will remain with 
the gas undeveloped, while the other shows no sign of 
egferveseoaee. A current of air wdH sometimes make 
the wine dBervesce furiously. Thus gimi expenses 
are inemTod, not only by breakage, but in attempts to 
exdte the carbonic development* The loss by the 
breakage is often not equal to lhat of correcting the 
inertness of the wine, independently of the trouble. If 
not exceeding ton per cent, in breakage, the maker is 
satisfied. If it is deemed necessary to take down the 
pile, the bottles ere set upon their bottoms for a longer 
or shorter time, and this causes a difference in the 
quality of tlio wine. At time it is removed into a 
deeper cellar; or^ lastly, ^e bottles are uncorked to 
disengage the gas, end clear the space under the cork. 
When the carbonic gas -is furkiis in its development, 
wine is wasted in large jguanUties. The -wine of 
the broken bottles becomes scattered among the sound, 
or fragments remain which contain wine, and become 
acid and even putrid. The gutters become infected, 
and in tbe air of the cellar new principles of fennenta- 
iion ensue. In August workmen have been obliged, 
owing to the fragments of glass projected from the piles, 
to put on wire masks, and entering the cellar to throw 
cold water over the wine. The breakage ceases in the 
month of September. In October the piles are lifted; 
the bottles being taken down one by one, putting aside 
those broken, afnJ plachig^ on their bottoms those in 
which, on examining the necks, the corks and sealing 
seem to have moved. Some bottles are found to have 
lost a portion of thefr contents, and the Ices must be 
repaired. The deposition, too, must be removed. For 
this purpose the bottles are placed in an inclined posi- 
tion of about 2 i>^, and are shaken two or three times a 
d^y, to detaeh the sediment, for ten or fifteen days suc- 
cessively. Flanks with holes in them receive tliree or 
four thousand bottles together, keeping them m the right 
slope. The workmen tlien, with considerable dexterity, 
get all the deposition into the neck of the bottle, near 
the cork, the wine being perfectly clear. Every bottle 
is then taken by the bottom, kept carefuHy reversed, 
atnd die wire and twine being broken — ^the bottle resting 
on the workman’s knees — ^thc cork is dextrously witli* 
drawn, so as to permit the gas to explode, and carry 
the deposition with it. An index is then introduced 
into the neck to measure how high the wine should 
ascend, and the deficiency is made good with wine that 
has before undergone the operation. The botile is thcai 
a second time corked ax^ wired. If tifete irine resaain 
long in the ceUat afterwards, before it to seid, it to sub* 
mitted to a seednd dearaace erf ^similar 

kind about a fortfilght before It to sent awt^; the 


TItete wines do not admit of being, inhaled with any 
but those of their own growth, s^itbose gemunware 
rarely minted at all. €lrey olidmipagne to made by 
the wine sli^tly before pressing, rase* 
eolmud by a longer treading ; but the latter to gene- 
rally wine of inferior quality. In good cellars these 
wmes will retain their excellence for twenty, and evexuf 
as far as thirty 3reara, in the lest case knbfibing only a 
slight degree of bitterness. The temperates of the 
cellars in which the wine to kept, to best at about 53 ** 
almost unvaryingly. The receptacles at Epemay ore 
excavations in the calcoreous rock, thirty-five foet 
below the surface of the ground. The creaming and 
still wines keep the best ; those very frothy are most 
liable to change, and are really the least worthy of the 
class. 

The finest red wtucs m the world are those of 
Burgundy, in tlie district called the C 6 te d’Pr. They 
are produced principally from tlie grape called the 
Pineau. ' From twenty to thirty hours in the vat are 
Buificient to convert the gkteose into alcohol, and then m 
two or three years they are fit for drinking. If moved 
in the cask in the least as they deposit, they are apt 
to spoil. On tlus account the finer kinds are only 
removed in bottle, and should be kept wiih great care. 
When old they take an amber color. In England 
tlie first classes of these wines and Ibeir proper 
management are unknown; the second claBses alone 
being imported as the first, the coarse taste of the 
English palate in wine preventing tins discovery of tlie 
diflerence. The finer wines are aU produced in tho 
districte of Nuits and Vosne; of these the Bomanee* 
conti and the Chambortin are among the more cele- 
brated, The white wines of the same district ai-e not 
80 well known or esteemed as the red. In the Mont 
Kftchet wine, a celebrated growth, made near Beaune, 
occurs one of those extraordinary phenomena in wine 
i;riiich no setontifio investigatum has succeeded in 
explaining. Three kinds of wine are made of fruit 
grown on the same land, so contiguous as only to bo 
separated by a footpath, having the same exposure, 
the soil appeoriiig same, as well as the species of 
vine ; yet the lost brings only one-third the price of the 
first. The whole ground is about thirty-seven hectares, 
of which the most prized to but seven, the next 
quality eigliteon, and the third twelve. The wine of 
the first fruit sells at twelve hundred francs^ the second 
six hundred, and the third four hundred* 

The cHmate of Italy so congenial to the vine,- 
produces no wines of export much valnied, owing to 
the ill management of the vintage^ No attention to 
paid to sorting the grapee ; ripe and unripe are thrown 
into the vat together. Nicety and even deanlinesB are 
neglected, ^e grapes are trodden and thrown into a 
vat, where the must remains fourteen days in a state 
of eoutimied formentatbn until ttoe wine to spofled* 
Sometimee tlie must to left exjposed to the air for. 
month together, and the wine, iU>mani)ge 4 Jtow 
reputation, in Tuscany morq i^ttedion to paid to the 
process than m other parte of the cfmntiy, and veiy 
jMtoteble wine to made, M with Utile improvement in 
' the process. The Monteptilchlemo to a sweet wine kmg 




note^ This nvine is mcked repeatedly for two 

ZDOOtlM After it is lOade, but tbe ^rjueutatiou is olteo 
coutiuoed until tbe wine baa begun to contract acidi^ 
before it isremoved into the cask. In bfaplee tl>ey mali^ 
a sweet wine called lacryma Christie but the process 
is as careless as in other puts of Italy^u fact thereure 
four or fivd wines of that name^ some pretty goodj^tberg 
execrable. In Sicily tlie Mozzara wines, and the sweet 
wines of Syracuse, ere made with little care; but 
Knglish capital aud some pains having been bestowed 
on the Marsala and Etna win^s, they are exported to 
England, according to custom, brandtod,ta excess to 
save care in their management, or, as the phrase is, to 
fortify thoim The Marsala wine, well treated, is 
sound and good, and made in the fine climate of Sicily 
with French science, uright still be greatly improved. 

The Greek islands produce wine of various kinds, 
but mostly muscadines. In Cyprus the grapes are not 
suffered to lie too numerously on the stock. They are 
of a rich purple, with a thin skin. The vintage begins 
at tbe end of August. For the celebrated wine of the 
Commandory, tlie fruit is placed on covered hoois called 
pt/nm, and spread out with care in a bed of eighteen 
inches thick, where the grapes remain until the seeds or 
grains are retidy to drop from them. They are then care- 
fully Hftcd with wooden shovels and carried to rooms 
paved with marble, or covered with a cement equally 
compact Tlicse floors are made of a gentle slope. The 
graj[»es are bruised witli a wooden mallet, and pressed in { 
little presses denominated patkisi; the must, which 
is vciy thick, flowing into a vessel on the lower aide 
of the floor. This vessel is emptied, when full, into 
email vases, and in these conveyed into baked earthen 
vessels with acute bases, like the ancient ampbcu’ce. In 
these the wdne is loft forty days to ferment, in some 
places with tlie vat covered wliile in that state. This 
wine, if token while in a slate of fermentation, causes 
severe colic pains, to prevent wdiich it is filtered through 
bags of vine ashes, but when thus treated it never attains 
tbe perfection desired. When the fermentation has 
ceased, the wine is shut up from tlie air with covers of 
baked earth, and has already put on a lighter color 
than before. These vessels arc either coated internally 
wifb pitch, or varnished the instant they leave the 
potter's band. If varnished, the composition consists 
of a boiling liquid in which turpentine and pitch are 
mingled with vine ashes, goat's hair, and fin^ sand ; 
this efToctually closes the pores, and never falls off. 
Tiie art of making these vessels belongs to Um remotest 
. antiquity. They hold from twenty to thirty barrels 
each ai^ in them the lees are deposited, which are 
called mam. When tomoved, leathern bags are 
adopted, pitched on the inside, and detrimental to the 
wine, which does not for^nauy years lose the disagree- 
able flavor. The cellars, in so hot a climate as Cyprus, 
are all above the giound; little .light, is admitted, and 
the aspect disregarded. This famous wine was named 
Ihm the Commander of the Knights Templars, to 
whm ^district onue belonged. The Oommandeiy 
wke reseflibles the.Xtalian wine of Chianti in color. 
From a rod it chat^yaa to a yaV^wish hue tlie first year, 
fines itself as it growa old, in nine or ten years ^ 
takes nearly lb« same a|)p0amudd as the sweet wines ^ 


of tbe South of Europe. The dregs are thick,, and 
supposed to aid the fining. When brought firom <(be 
country to the town and put Into casks, it is aiwayiit'b!! 
such as have lees remaining, in which it is left for a 
year. Whefber ullage is attended to or not, it makes no 
difibrence in regard to the excellence of Uie wine, for 
sometimes a cask is left not throe-fourths filled. It la 
sold at the vineyard by the load of sixteen jais, each 
oontaining five Flor^ce bottles. The wine is wairanted 
good by the seller until the August after the vintage. 
It is generally exported in casks of three hundred and 
fifty bottles each. Only about ten thousand jars are 
now produced. When poured into a glass, if good in 
quali^^, the particles adhere like oil to the sides. Cold 
injures it; in a Northern climate it must* be placed 
before a fire. The lees are always treasured up, and 
are often in color a mixture of black, red, and yellow, 
though generally like Spanish snufi. I'hose wines 
and the muscadines of Cyprus are different. The wines 
of the Greek islands are mingled with rosin to impart 
durability, and are veiy disagreeable to the taste ii] 
consequence. The wine of the Crimea, at least that 
called kohour^ is fermented coarser than in Cypnis. 
The vats in many places a^e only pits dug in the 
ground, plastered with a composition. The Shiraz 
wine of Persia is made of trodden grapes, fermented in 
jars of glazed poUejy agitajiud briskly; it is then 
bottled for sale. , ^ 

The wine of Portugal, forced upon tlie people of 
England in 1703, by rendering the duty on that wine 
a third less than on the produce of other countries, 
drove out many fine wines, of which there was a great 
variety before, and forced an inferior article upon the 
public, under the absurd idea that Portugal would take 
English Woollens in return, as if all trades were not an 
exchange of goods. The effect was to drive all variety 
in wine out of the country, and make Englishmen toko 
an inferior article. At first the wine came in its natural 
state, but was afterwards sophisticated and brandied. 
Efforts were too soon made to control the market by 
limiting the supply, and rendering the wine nearly of a 
uniform quality. After the Portugal wine monopoly of 
1756 was established, brandy was added, and increased 
until, in recent times, no less than from twenty tc 
twenty-four gallons per pipe are flung into the wine 
during and after fermentation. In its natural slate this 
wine is not permitted to come to England- The growth 
is stinted J^oauso tbe export is limited by a privileged 
company, which creates an artificial scarcity. The 
wine is adulterated with a mixture called peropiya^ two- 
thirds must, and one-third spirits 2(f above proof, with 
elderberry juice and sweetening matter, and is sane* 
tioned by the English Government, though a groai 
adulteration, being admitted liere as a spirit to carry 
out a fraud. This medley is used only in paeptiriiig 
wines for England. The pure wine is seldom allowed to 
be exported, altliough good aud enAiiiring, since by this 
doctoring tirere is an ©quality of class established that 
defies seasons or bad crops. The grapes are gathered 
when mature almost to shrivelling. They are from 
the bastardo, sousao, and alvarelbao vines. The fruit is 
trodden with the stalks, and romaiuB during the fer- 
mentation, which continU;^ about seventy hours, in vats 
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containing from ten to twenty pipes Aqli, and while 
fermenting, brandy is added. The wine is racked in 
February, and sent to the dOtopany*B or merchant^B 
cellars in Oporto. More brandy is added to the wine 
intended for exportation, and again in a year, when 
shipped, more is thrown into a wlno having in its nata- 
ral state, on the averajje, amply sufficient alcohol io 
injure endurance with common care. It now carries a 
strong odor of brandy, and must remaiu a dozen years 
until the wine, or rather brandy- wine, is sufficiently sub- 
dued in alcohol to be drunk, when it boars little resem- 
blance to the genuine wiiio, having become dull, and its 
freshness and aroma having disappeared. The conse- 
quence of the delay often is, that while ameliorating the 
extractive and coloring matter of the original, if not 
of the elderberry, becomes deposited, the wine tawny, 
and die flavor without a trace of tlio real unadulterated 
ai’ticle. The perverseness of usage is become in a cen- 
tury 80 much in harmony, on the part of the consumer, 
with the merchant's notions of brandy being necessary 
to preserve a wine with sulficient alcohol by nature, 
that a genuine and honest port wine would now be 
regarded as worth little, on the plea of coldness, except 
to real connoisseurs. At fii-st, in 1 730, only about two 
gallons wore added to a pipe. In 1754 the practice was 
styled duibolkal of checking the fermentation in this 
mode of fretting in spirit? which it was fondly imagined 
immediately assimilated with die natural alcohol of the 
wine. The roitiiguese charged the English at Oporto 
with commencing this base practice, and making wine 
Boem lihn liquid fire in the stomach. It is observed by one 
authority that, in preparing these wines, it resembled 
throwing into one large vat all the red wines of a country 
of different growths, to produce an immense quantity of 
second-class wine. There are excellent wines thus mis- 
managed. The Collares port, Bucellus, Lisbon, and 
other wines made in the customary manner, bespeak 
that there is no fault except in the management. One 
wine-grower purchased elderberries a few years ago to 
the extent of four huudied pounds in a season; and one 
hundred and twenty pijjes of adtilterated must have in | 
one year been landed in London from Oporto, to mingle | 
with Portugal red wine in England, and doctor or ! 
strengthen what was too weak. Science can discover 
nothing worthy of record in the manipulation of the 
Oporto wines. 

The vines of Madeira, now nearly destroyc«l by the 
oldium^ or wine disease, were a remarkably fine class, 
They were planted in a volcanic soil, a mixture of 
red and yellow tufa, called saihro and pedro molh. A 
light clayey earth and volcanic cinders wore inter- 
mingled. The husbandry was rude; the vines planted 
in trelliaos. The vintage took place in September, and 
the wine of the highest quality, called jr?iw/7(9, was that 
which flowed from the treading alone. The wine was 
pressed lo tlte fourth pressing in a trough-press, with a 
lever like that of a cider press. The grapes were 
sorted and the mosto^ or must, fermented in pipes. 
Gypsum was sprinkled on tlie grapes. The must was 
agitated during the fermentation, which exceeded forty 
days iu duration. The wino was mellowed in stoves, 
kept at a temperature of 80^* or 90®. A voyage to 
the East or West^ Indies was always pretbmble for 


ripening the wine, when it could bo acoomplii^cd. 
There was once a very agreeable cordial Wine, made 
in Madeira, by checking the fermentation and adding 
brandy to the must. The sercial is the product of the 
hock grape, never drank under seven years old, and 
then not in perfection. There were oriec three kinds 
of malmsey, from as many different kinds of grapes, in 
these islands. Tliat from the cadel grape was tlio 
best. The tinto resembled now Burgundy, but was Iced 
harsh; it’ was drank under three )^earB old, at which 
ago it lost its color, and took that of old Madeira. 

I It had an agreeable aroma. Wines of Madeira were 
sometimes ripened by plunging them into a trench 
of fermenting horse dung. The bottles were corked, 
and thus the wine attained, in a few months, the 
maturity of a voyage at sea. This, however, may be 
doubted; because, at sea, not only a particular tem- 
perature, but a considerable agitation is kept np. . A 
pipe of Madeira, attached to the beam of a steam- 
engine, in the warm engine-house, is said to have 
produced the effect desired. Madeira is, or rather 
was, in perfection in twenty years. The vino diseases 
has suddenly ruined this far-famed wine, and the unfor- 
tunate people of the island that produced it. A very 
fine sample of this wine the Editor received from Mr. 

J. K. Hutton of Liverpool — a nutty flavor, and yielded I 
15 -09 per cent, of alcohol. i 

The wines of Spain are q^iite distinct from those j 
of Poiiugal, as well as of Franco. Many of them 
are superior of their class, and of the white wines in 
particular ; they constitute the largest qiiantity of any 
single foreign wine, red or wLite, entered in England 
for homo consumjition. The wines of Sjiain, exeejit 
those of Andalusia, in which much Britisli capital is 
invested, are carelessly made ; but theii firmness, .just 
alcohol, resistance lo what would ruin very delicate 
growths in the North, arising from a warm and genial 
climate, prevent their merits from passing unappre- 
ciated. The fine rod wine of Lu Mancha, the Vul de 
Ponus, was, uutil recently, carried about only in pitched 
skins on the backs of mules. The groat exports of 
wine arc from Ca<li 2 and Malaga. The sherry is made 
near the town of Xercs de la Fronlera, nine miles from 
Port St, Mary’s, across the harbor of Cadiz. The 
grapes arc left on the tree uutil they are shrivelled b}^ 
the sun’s heat, and when plucked remain exposed lo it 
some time before they arc pressed. The fermentation 
is generally left to take care of itself, with all the scum 
it fornis; and yet the wino is so fine that very rarely 
mischief occurs to it. Backed after tho vintogo, and j 
constantly under the eyes of the agents or principals ! 
of foreign houses, resident on the spoh the management 
is carefully sernlinized. The grapes hero are sprinkled 
wnth powdered gyj)Sum, onc^S locally termed gicsso or 
Jess. The must ferments in the cask left entirely to itself. 

It is racked in March. Tho Casks are left open in all 
temperatures, and sometimes in the open air without 
ill effect. A good collar, so named in France or 
North, is not thought of moment here. While feionent-* 
ing, tho bungs are so open as 4s6 allow the easy escape 
of the carbonic gas, Kopiness,' flreailled elsewhere under 
sudi treatment, is very rarely observed. The natural 
color of the pure wne is pale ; the colored are from a 




bkuding with a dark ^ino called made by boiling 
down flix butts of must to one, keeping the liquid coU- 
tiuually stirred and the surface skimmed, avoiding the 
accident of burning, on which account the process is 
slowly conducted* When thiek enough, the fire is gradu- 
ally withdrawn, so that the fluid may eopl without any 
injury from chill. It is then mingled in diflerent pro- 
portions with tile pale wines, thus constituting colored 
and brown shcny. Nothing foreign is ever miiigrecl 
with those wines, except a couple of bottles of very good 
brandy upon their exportation. The sherry, denorai- 
iiatod omontillndo^ is a drier wine than the common 
sherry, and is often tlie result of accident. To this 
wine no addition but of its own class can be made 
without spoiling, not even a glass of brandy. A sample 
of this pure wine the Editor received from the highly 
l espectablo house of Messrs. Cijillinowouth and Sot< 
of Ijondom It liad a superb flavor, and only contained 
1 per cent, of alcohol — proving it to be a pure wine. 
Of a hundred butts from the same vineyard, some will be 
amontillado without it being possihlo to discover the 
cause. Thus the constituent parts in amontillado, if 
supposed exactly balanced, raised the question, Wliy 
should this occur in a small portion only of a larger 
quantity? When it is made, the grapes are plucked a 
week or two before those for the other wine, but the 
treatment is just the sarrio. The wines that pass for 
sherry in Eiigland iu taverns, are generally made-up 
wines, or good mingled with inferior or low wines. 
Another species of wine which may come under the 
sherry denomination is that called Manzanilla — light, 
delicate, and straw-colored ; it is not always liked at 
first. It derives its name, some say, from a village 
near Seville, and as others suppose, from Manza- 
uilla, a small apple. Neither surmise is correct. Man- 
zanilla is the camomile, and there is something of tlic 
taste of that plant in its flavor. It is delicate and will 
admit of no foreign mixture. The dryness shows that 
the glucose and vegetal extract are well balanced in 
its fermentation. It is prodaced from the Rustan grape. 
The wines of Malaga are of ancient dale, and tlio vines 
are grown near sugar canes, tlio only spot in Europe 
where the latter are found. The bastardo grape makes 
the sweet wine. The must is conveyed from the press, 
half fermented, to the merchants’ stores in sheepskins, 
and the wines are sent to all parts of the world un- 
brandied, except to England. The mountain wine is 
made in Malaga, and ono species is called wine of pears, 
because Uiat fruit is steeped in it. There is also a cherry 
wine, called guindasy made there. It is much flavored 
with the cherries. There are many excellent wines in 
the interior of Spain, but made unpalatable from bad 
management in the fermentation, exemplifying the 
Spanish proverb — 2b cry wine and sell vinegar. 

The dry wines of Xeres and Malaga, as well as those 
of Tenerifle, were formerly called sadtSy and the sweet 
also. In 1598, in Hakluyt, it is stated by one who resided 
eight years at Teneriffe, that it produced three kinds of j 
wine-canary, Malvasia, and Verdona, which may all j 
go imdtp the denomination of sack. The wine of dif- ! 
ferent ages is mingled in Andahisia, the newest with ^ 
old of the purest quaKtjy* 

The wines of Andalusia are rarely sulphured, from 


fear of the taste remaining, and on aoconnt of English 
prejudices. Borne Englishmen complained of the 
where sulphur had never been used. Here the stalks, 
and often not even .the skins of the grapes, are sufrbred 
to ferment in the must. The wines are white, and 
color is not wanted. In France the stalks are left iu 
tlie must according to the nature of the season ; if fine 
tliey remain, hi Spain the glucose abounds in die 
grape ; and wore it not for tbo practice of leaving the 
scum on the wine, and even returning it under the idea ^ 
of supporting the wine, none would ever become acid/ 
The system of large vats, so friendly to a beneficial 
fermentation, has not been }ried tbete. Nor is it 
necessary; for in their present state they enter into the 
largest consumption in the English market. The better 
wines of Southern Spain yield nearly a fifth part of 
alcohol on distillation, and the quality so returned is 
excellent, and only inferior to the best of France. The 
tinlilla wine of Kota is a red of Andalusia, generally 
taken as a cordial from its extreme richness. In Alicant 
a wine is made from the same kind of grape, which 
holds much tannin, precipitating a species of animal 
gelatin. It is of an oninge-red color, rough, and 
somewhat bitter. In Catalonia the wines are gene- 
rally good, and of the species. Vinaroza and 
Benicarlo produce good red wines, much of which 
passes for port in .England, ejther mingled witli it or 
flavored, so as to secure jtbo similitude. This wine is 
of a wholesome quality. The malmsey of Sitges is 
white. In Arragon, the wine of Carineim is the best. 
A muscadine named Fuen^aral, is made near Madrid, 
and a fine dessert wine at Peralta in Navarro. 

The wines of Spain have the ascendancy in England, 
perhaps from their freedom from acidity, owing in part 
to their treatment in the vat witli gypsum, to which 
must be added llicir own natural tendency and strength, 
as seen on their exposure to the atmosphere under cir- 
cumstances in which tJie wines of otlior countries would 
run rapidly into the acetous state. Wines which con- 
tain much of the gluten, are more susceptiblo of the . 
acetous fermentation than those in which it is more 
sparingly dispensed; and tlie latter is the case with Hie 
wines of the Xercs district, in w'hich little or none remains 
after fennentation, withouthalf tlie trouble in racking and 
fining which is bestowed on other wines. There can be no 
donbt, this refers to tlie white winoaof tliat part of Sjiain 
alone when the spirituous fennentation has ceased. The 
little brandy added, and often none at all, to the best 
wines of Xeres, as is oridenced in the beautiful sample 
of Messrs. Chillingwouth above referred to, shows 
how well their constituent parts are adapted for preser- 
vation, compared with some ports and oftentimes their 
twenty gallons of artificial brandy. It is only to the 
meagre wines of the countiy — ^mingled with a little 
of the good, and called lew ffAcrrfes—that brandy is 
added, to render tlie wine moro agreeable to the nor- 
rupted taste of the English public, which is thus to bo 
satisfied with brandy and wine in a state of mixture, 
in place of brandy and water. The intemperato use of 
pure wine when indulged, is never followed by those 
disorders so common and fatal in the use of the frivorlte 
dull fiery wines of the generality of persons in England, 
particularly in the class called hepatic afifections. Brnk, 
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natural vnae, ia^taUy dii^et m iite cm the 
hWAR hrame &om that of the brandy mdnes modiciated 
iht a peiYerted taste. Hie of pure wine in exocss 
is transieiit; of brandted wine it need not be detailed. 
The> Editor is eonvinoedi from investigatioDS and 
analyses, that there is no mere necemty to adSi brandy 
to port than sulphuric acid to Yinegar. If the liquid 
be wall fermented, sound, and good, any addition Is 
pemioiotte and wicked. 

Hiere is no just ground fbr believing that brandy will 
Viavent acetous fennentationy although die common 
notion is that it will do so. It is incredible how far 
custom goes in efibcti|g error, and preventing its 
correction, often indeed irremediably.' A merchant of 
good sense desired to have sent him, even if smuggled 
oot of OpOrtO, halfadoeen pipes of port-wino without 
a drop of brandy. His correspondent would only send 
Inm one in reply to the order, being certain tfuxi with- 
out hnmdy U %d&M not keep. The wine came and 
remained good in die cellar for years till drank out. 
Tlie Oporto merchant did not know, that for forty or 
fifty years after the Nortliern treaty of 1703, little or 
no brandy was put into a wine of a very full body, 
.nor that Sir Edward Barry complained in 1773 of 
these wines becoming too hot. It was not until the 
end ortho last century tluxt tliey were so fully deluged 
in artificied spirit — introduced at first under the idea of 
their preservation, and eonUnned, perhaps increased, 
by fevered stomacbs, which called for deep colored, 
sweet, and strong; in other words, for more elder* 
berry, sugar, and alcohol. 

Brandy in a small quantity will not stop the acetous 
fermentation in vinegar, for it becK)mes itself acetified, 
and makes the vinegar stronger. That ooe-seveuteeuth 
part alcohol should succeed in so doing, as some experi- 
mentalists aver, is met by otlier facts ; for acetous fer* 
mentation is very easily produced in wine contaming on 
eighth part of alcohol. It is still possible that alcohol 
added in a sufficient quantity may suspend or retard 
^ the fermentation, owing, perhaps, to its not mixing 
with the natural alcohol of the wine. Chemistry has 
not yet made tliis point dear ; but it would seom that 
the general notion of vinous preservation through alcohol, 
unless in a ruinous quantity, as it is applied in port, 
sometimes to tnore than a fifth of its btilk, is very 
erroneous. The Editor has found port sold in some of 
the hotdls with Uivrty-fioe per cent, of brandy 1 

The fact is, that the usage at fijst, from whatever 
cause, gave a desire for strong wine in England ; and 
there was the advantage that the growths of bad and 
good years flung into large vats, and well mingled with 
brandy, gave a product of that middlo’class wine arti- 
ficially BO made, which paid better than a little clmice 
at a high price, and a good deal at a very low figure. 
It must be obwved, too, th^ in most Horthem coun- 
tries, except France at»d those yet more to the South, 
there is a contimjeil cravitig after alcoholio strength. 
^ This hue been the case in aU ages of the wtorld. The 
Englishman has has wine medicated until spoiled with 
brandy ; the Ferskns infuse poppies and similar things 
for the same end. Thom is ever a oravkjg for in- 
creaaed sUmulantSi which, not found kt the wine 
must be ^dedL The Greeks and Bomtim medicated 


their wines, or rather perfumed them vdth varimifl 
substances. The holy acriptures have left evidmioe 
of this, even in the earliest times of Ihe Jews. The 
alcolKd in wine placed there by nature seems to have 
its parts separated, and to be rendered eomparetively 
innoxioos oom[>ared to that added unnaturally $ and, in 
the former case, will not readily intoxicate like alcoliol 
mingled with water, milk, and similar liquids. The 
Jefrs had no knowledge of alcohol or the still, and 
endeavored to render their wines more stimulating by 
their doteriorarion, as is done at present another way. 
They had a general term for fermented liquids of 
aU kinds — ekehhar^ but the words, strong drink or 
ndxed wine are denounced, meaning wine with spices, 
and stimulating aromatic drugs. JMn or Yagin — the 
jf is pronounced as t — is tlie term for wine in general ; 
sohhe is sojnotimes used figuratively for tlie same liquor, 
and tiroeih for new wine. But ehekfuvr means slroiig 
and medicated wine, of which honey was one ingi*e- 
dient, as well as spices and herbs. In the time of 
A UG usTUS Cass AB honey was mingled with his wine, and 
exposed to the sun, perhaps fermented in it; and 
as honey contains grape-sugar, it would necessarily 
strengthen tlie alcoholic principle, if tliere romained 
any gluten, for tlw emperor could drink no more than j 
a pint of it at a time. Alcohol is formed by nature in i 
every human stomach to a certain extent, according to 
an eminent chemist, and so fur must be congeuiitl to it. 
Tlie reasonable use of natural wine is often highly advan- 
tageous, Discoveries in relation to tlic combination of 
alcohol with wine are yet to be made, but it remains 
certain that it is one of the vinous elementary constitu- 
ents. Medical men will designate the difference l>ctween 
tlio eflect of wine with its alcohol on the human economy, 
and the effect of alcohol combined witli water. The 
obriety produced by ebarapogao in which carbonic gas 
and alcohol are combined, and Uiat produced by pure 
claret or chamber tin with port and madeira, are obvious 
to all who move in society wdici'c good wines are taken. 
The effects so lively and airy of tlie one, with the dull 
sedative state produced by the last, a blunted quiescent 
state not easily distui'bod, but when di&tiirl)ed not easily 
appeasable — indicate different effects from causes, ^no 
satisfactory definition of which has yet been obtained. 

There has been much dispute regarding the alcoho- 
lic fltreugth of wines. There is no reason whatever 
to dissent from Bkande’s analysis of a considerable 
variety, made with great care, aud there is little diffi- 
culty in making the test ©orrectly enough ; but iJie utility 
is only comparative, because the particular wine to 
which the is applied must be taken for itself alone, 
according to the nature and produce of the grape for 
tl^ year of the vintage, and not for a succession of years, 
nor for the some sorto generally ; and the like holds good 
with all the constituent parts, and those sliglit traces of , 
foreign substono^ from dififorenoes of soil and plant, 
and httle snoi^, eontinually perceptible in wines. The 
same vines fbr two sucoossive years will not bear Cruft 
so exactly similar, as fliat some dii^rence not be i 
detected ki the wine^ and in the different proportions oi' 
its alcohol. nature of Ab seiiA^ in some vine- 
yard, and often under similar ckcomstanoea, will cause 
iTOOoonfitftble A warm year neiises the 
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flncclioriuo priiiciplo to be abundant, and, yielding j 
mare alcohol, gives a stronger wine, as is evidenoed i 
upon distillation, Nor m this natural efiG^t more 
an impbdiment to classing wines by their alcoholic 
strength, than that of throwing in brandy, as in Fortu- 
gal, during fermentation. By the wine being artificially 
brandied is preyontod an acoumte knowledge of its 
alcoholic strength, in the kind most commonly used in 
the British islands, as no two samples can be espocted 
to show the same result Thus it arose that the analysis 
uf Dr, Bkakdn was wrongfully censured, because it did 
not appear to bo exactly what everybody BOi)poaed. 

Tho Editor is of opinion that no port wine contains 
naturally more than fifteen per cent of spirit— four or 
five per cent, are afterwards added to insm-e the wine 
keeping for years, in which time the artificial spirit 
beoomes perfectly blended and mellowed in tlio w'ine. 

The simplest method of ascertaioing the amount of 
alcohol contained in wine is to distil the spirit from the 
wine, determining its specific gravity and quantity, and 
compare it with the quantity of wine taken ; of course 
one of the first things to bo considered, is how much 
wine to distil. Tho Editor takes generally one- third, 
and determines the alcoholic contents from it. If, for 
example, in the distillate thirty-three parts out of a 
hundred are composed of alcohol, tho quantity of 

alcohol in tlic wine will bo 11 per cent, for ^ ^11. 

In the case of strong wines it is advisable io distil 
even more tlian a third, especially if a glass retort and 
water bath are used. Lot the distillation be continued 
til] at least half has passod over. If the density of tlic 
distillate is such as to yield twenty-five per cent of 
25 

alcohol, then == 12’5 per cent, of alcohol. 

In strong now wines, undecompoaed sugar and vege- 
tal extractive matter may cause the evolution of more 
alcohol during the insensible fermentation. It may 
be presumed, notwithstanding, that if the quantity of 
olcohol in any wine exceed twenty per cent, it has been 
added artificially. All bottled wines, which improve 
at all, become sweeter, and old wines always appear to 
gained in sugar. A very generous wine of tho 
Drdmc, in France, will afford a third of its weight in 
the brandy of commerce; in tho department of the 
Herault there will not be more than a fourth part; in 
the Cfite d*Or about an eighth of what is called prime 
brandy; In the department of tlie Charente, a still, 
charged with two hundred and forty litres of wine, yields 
from twenty-four to twenty-six of spirit, or about a 
tenth of tho volume of the wine, and a little more in 
quantity of the second-class spirit ; in the department 
of the Gard, from the same quantity of wine, forty 
litres of prime spirit, and about tho same quantity of 
the secOiid class. From these products it is easy to 
approxinNite to correctness in regard to the amount of 
spirit In wine, and thus it is seen that one-tlM spirit 
, is given in first and second brandy of the Gard, while 
there isofren a third distillation, which is not included. 

In Honce it is found necessary to accommodate the 
palate, by adding ten per cent, to the wines 
supplied to tliat paH of Europe, 

A tale» that BRAms had only tested adulterated 


wines palmed off upon him for genuin®* wae as silly oe 
spiteful. Dr. Bkajibe tisok wines as . lie found 
them in the hands of the merchant, in a sfaie await- 
ing consumption; and no rival examination showed a 
greater difference than might be expected to exist on 
all similar trials. The reader must bear in mind that 
it is nearly half a century sinoo Professor Brani^e 
analysed the wines referred to. The Editor has always 
considered the per centage of alcohol given in genuiioe 
port to be too high, and this seems to be ooiroVorated 
by the fact that samples of port, vintages 1820—1834, 
et cetera^ kindly forwarded to him by Messrs. Ciol- 
LiNGWORTH for experimental purposes, never gave 
more than eighteen per cent, qfpure epiiit. The 1820 
had a specific gravity of ^0945, and tbo distiUate *9740 
= 18*01 of alcohol ; and the 1834 had a density of 
1*0163, and the distillato *9723 s= 18*99 of alcohol. 
Extractive matter in 1820 was 6*140, and in the, 1834, 
5*976 per cent. There is too frequently a dispositiou 
prevalent to cavil at scientific men and their statements 
because they are novel, or do not chime in with pre- 
conceived notions. The nature of the oombi nation of 
the natural alcohol with wines is not now understood, 
but its effects just noted are undeniable. This com- 
bination cannot be supposed to be any ether tlian quo 
of those secrets, tho discovery of which science will one 
day lay open. Annexed are the results of Brandb, 
PROUT, and others, as to the*alcohol contained m the 
well-known wines in codmioin usage. 


PORTUGUESE WIIOES. 


Speciflo itrikvlUr* 


Port, 

. 25*83 .. 

— 

Braude. 

Do. 

. *24-89 .. 

— 

Do. 

Do 

. 23-71 . . 

— 

Do, 

Do 

. 23*39 . , 

— .. 

Do. 

Do 

. 22*30 . . 

— *• 

Do. 

Do 

. 21-40 .. 

— . . 

Do. 

Do 

. lU-OO .. 

— •• 

Do. 

VinliQ do Uaino, • 

. 1.5'C2 .. 

— .. 

Front, 

Do. average,.. 

. 22-96 . . 

— • • 

Brande. 

Do. averuge,.. 

. 20*64 .. 

0*9890 .. 

Front. 

Do. weakest, . 

. 14-97 . . 

— * 

Cbrislison. 

Do. strongest, 

. 17-10 .. 

. . 

Do. 

Vinho de Ramo, moan of 1 
seven samples, j 

16-20 . . 

— .. 

Do, 

White port, 

14-97 . . 

— • • 

Do. 

Colarea, 

. 19-75 .. 

— 

Brando. 

Carcavelbs, 

. 19*2() . . 

■— .. 

Do. 

Do 

. 18-10 .. 

— «. 

Do. 

Do. average,,-.. 

. 18.65 .. 

— .. 

Do* 

Lisboa, 

. 18-94 

— . • 

Do. 

Do. dr)% 

. 16-14 .. 

— 

Ohristisoo. 

Biicellas, 

. 18-49 

— 

Brands. 

Vidonia, ‘ 

. 19-25 .. 

— .. 

Do. 

SrANISlI. 


16-8F,, 

— 

Brando. 

Do. 

19-83 .. 

— - 

Do. 

Do 

18*79 .. 


Do„ 

Do 

.18-25 


Do* 


Do . 

Do. averupTf, 17 ) 7 . 

Sherry, very old, *23 86 . 

Do. weakest, . 

Do. strongest 16’ 17 . 

Mean of thirteen kioda,.. , . 15*37 .. 
Do. long kept Rnd\,,.-o 

East Indian 1 14 78 . 

Mean of Madre de Xorei}, . . 16*60 . 

AmoatHlado, 1'2*63 * 

Tint l»*3a . 

Alba Flora, 17*26 . 

Malaga, Wi, 18*64 , 

Do. ..^..17*26. 


Do. 

Do, 

Front, 

Ckristiwm. 

Do. 

Do, 


Do, 

Do. 

Drsnda. 

Do^ 

Ihp, 


im 
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UADEIRA IBXiANDB, 
£T CETERA. 


AlMUtol 
In tq«>p<irt$. 


B|>oe!fto ifnirl^. 


lifAdeira, 24*42. .« 

P<w 2^*98., 

00 19*24 .. 

00. ftvora^ei 22*27 .. 

00. Sercialf 27*40 . . 

00, do 15*45 .. 

East Indio, in caek, 16*90 . . 

Do. venkest, 14*09 . . 

Wo6t India, do., 21*20 .« 

Eed Madotra, 22‘.H0 . . 

Do^ 18*40.. 

Do, avenge, 20*51 . , 

MalmBcy, 16*40 « . 

Do ^..,.12*86 .. 

Toaeriffe, 19*79... 


Analyst. 

Brando. 

Do. 

Do* 

Do. 

Do. 

ChrUtison. 

Do. 

Do. 

Prout. 

Brande* 

Do. 

Do. 

Do* 

Oliristison. 

Brando* 


AI 06 I 10 I 
luiUU pajrta. 

Claret, 17*11 . 

Do 16*.'t2 . 

Do 14*08 . 

Do 12*90 . 

Do, average, 15* 10 . 

Do, first growth, 3811,. 7*72 . 

Do. Datour, 1825, 7*78 . 

Do. Hose, 7*61 • 

Do. ordinaire, 8''99 . 

Oliampagne, still,. 13*80 . 

Do, Mousseaux, .... 12*80 . 

Do. red, 12*56'. 

Do. pink, 11*30 . 

Do. average, 12*61 . 

Do. 12*10 . 

Do. Burgundy, 16*60 . 

Do. 15*22 . 

, Do* 14*53 . 

Do 11*95 . 

Do. average, 14*57 . 

Ilcrtnitage, white, 17*43 . 

Do. red, 12*32 . 

cote KoU, 1 2*32 . 

Botissilion, 19*06 . 

Do 17*26 . 

Do- average, 18*13 . 

Sautorne, 14*22 . 

Nice, 14*03 . 

Bar«ac, 13*86 . 

Via do Graves, 13*94 . 

Do 12*50 . 


Do. average,... 

Qrenoche, 

Frontignan, 

Bivcsaltes, 

Luncl, 

12,08 .. 
21*24 .. 
12.79 .. 
9*31 .. 
15*52 .. 


18*01 .. 

eiOIUAir AN» ITALIAN. 


Marsala, • 

, 26*03 . . 

Do 

. 23*05 .. 

Do. average, 

, 25^9 . . 

Do, 21 years old, . . 

. 18*20 . . 

lissa, 

. 26*47 . . 


Do 26*35 

Do. averager 25*41 

Do : 15*90 

l^.ryina, * 19*70 

Syjraouae. 15*28 

Do, 30*00 

Etna, ted, 18*90 

Do* white, 18*10 

Do. Sinical, 19*00 

Do. white Ealernian, .... 18*1 9 

Do* ted, 20*00 

Aleaiico, 16*20 


BpaoMo gnTitj. Analynt. 

— . . Braude. 

— . . Do. 

— . . Do. 

— . . Do. 

— . . Do. 

— . . Ohristison. 

— . . Do. 

*- . . Do. 

-- . . Do. 

— . , Brando. 

— . , Do. 

— . . Do. 

— . . Do. 

— . . Do. 

— . . ,T. Fontenelle. 

— . . Brnndo 

— . . Do. 

— . . Do. 

— - . Do. 

— . . Do. 

— . . Prout. 

— . . Brande. 

— . . Do. 

Do. 

— . . Do. 

. . Do. 

. . Do* 

— . . Do, 

. . 1)(*. 

. . Do. 

— . . Brande. 

— . . Do, 

^ . . Do, 

1*053 . . Front. 

— . . Brande, 

— . . Ohrialison. 

. . Brande. 

-A • • Fontenelle. 


Brande. 

Do. 

Do. 

Front. - 
Brando. 
Do. 
Do. 
Front 
Brande. 

Do. 

Front 

Faraday. 

Do, 

Do. 

Do. 

Do. 

Brpttt. 


1,020 . 


Hocheimer, 

Do. 

Do. old in cask,.. . 

Do. average, 

Joannisbergor, 1788, 9*38 ) 
parts acid in 100 by J 

weight, ) 

Efideshennor, 1811, 6*22 ) 
parts acid in 100 by 
weight, J 


Tlie analyses of Brande are calculated upon eighty- 
nine per cent, of alcohol and eleven of water; of 
Cheistison and Ziz upon absolute alcohol. 


I Do. 1803, 

Do, 1804, 

Bodenhcimer,1802, 

Rhonish, four years, irn-l 
del* Soemraering’s pro- > 
ceH*^, 10*58 parte acid ) 

by weight, 

Do. natural state, 10*58 > 
parts acid in 100, . . . . J 
Do. three years under 1 
Soemmering’s proersa^ 1 
8*4 parts acid hi 100 ( 
by weight, J 


Geiscuheimer,.. 


nUEaARIAN. 


Tokay, . 


I CAPE OF GOOD HOPE. 

Capo Madeira, 22*94 

Do 20*50 

Do 18*U 

Do. ^erago,. . . . 29*.51 

Gape Muscat, 18*25 

Ooiistantia, wdiitc, 19*73 

Do. red, 18*92 

Do. do. 14*50 


AloohOl 

IQOport*. 

fipflolftt) aravlty. Annlyffl. 

14*37 


.. Braude* 

13*0 . 

. — 

.. Do. 

8*88 

, 

. . ,00. 

12*03 . 


. • De.ir 

8*71 . 

. 0*9978 

.. Front. 

10*72 , 

. — 

.. Do. 

12*22 

. 0*9960 

Ziz. 

,8*40 . 

. — - 

.. Cbrisiison 

6*90 

, — 

Do, 

7*35 

, — 

. . 00. 

8*46 

. 0*9960 

.. Ziz. 

10*60 

. 0*9890 

.. Do. 

10*66 

. 0*9920 

.. Do. 

10.11 

. 0*9790 

. . Do. 

9*00 

. 0*9960 

.. Do. 

8*75 . 

. 1*0310 

. . Do. 

13*96 . 

. 0*9890 

.. Do, 

7*68 % 

. 0*9997 

.. Frout, 

7*36 . 

. 0*9992 

.. Do. 

7*00 . 

. 0*9968 

.. Do. 

10*90 . 

. 1*0025 

.. Gk'igor. 

n*G 0 . 

. 0*9985 

.. Do. 

10*00 . 

. 0*9939 

.. Do. 

12*60 . 

. 0*9945 

., Do. 

9*33 . 

. 1*054 

.. Brande. 

1.5*52 . 


.. 00. 

12*96“^. 

— 

. . Christison, 

19*80 , 

] 0.90 L4 

. . Frout. 

22*94 


, , Brande. 

20*50 . 

— 

.. 1)0. 

18*U . 

. — 

. . Do. 

29*.51 . 

. — 

.. Do. 

18*25 . 

. — 

.. Do. 

19-75 . 

. — 

.. Do. 

18*92 , 

, — 

. . Do. 

14*50 . 

. 1*081 

.. Frout. 


Keddino has given an analysis in another form, as 
follows ; but b-as not stated his authority ; — 

Absolate Atotiibol. 

r- ■ •** * ^ 

OutuHM. Braohms, 

Port, in botllc of 26 02 ., seven years in glass,. ... 2 7 

Do. 2f>^ oz. one year in bottle, two in wood,. , 2 6 

Pale sherry, 25 oz., three years old| 2 4 

Another S}>ecitncii, 2 7 

Madeira, 25^ oz., two years old, 2 5 

Cape, 25 oz., one year old,, 2 8 

Old hock, 2Loz., 1 0 

Brandy, 24 oz,, 10 0 

Rum, 24j oz. 9 8 

Mulder, who has had great experience in the - 
analyses of wines and spirits, states that alcohol varied 
as follows: — 

F«rcan«. byraoaaarw. 

Port 20*70 to 29*20 

Sherry 16*40 24*70 

ia.nn 19*70 


Madeira 19 00 . 

Marsala 19*90 . 

Claret 9*m v 

Burgundy .1 0*11? , • 

Khine wine ...... * 

Moselle • 

Champagne * . . i 14*10 , 

Brandy *'*»<•*►•*’«'*»'*•*'**'' 62*40 . 
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Eighteen per cent alcohol by weight are equal to about 
twenty per cent, by volume* 

The winoe of F^estine, Syria, and Asia Minor vary 
much in'^ alcoholic atrength. Those analyned by Pro- 
fessor Hitohgocil of Amherst College, Cuited States 
of America, contained from ten to eighteen per «ent» of 
nioohol, or dearly as much as the European wines, 
except those of Oporto, Madeira, and Sicily, or the low 
wiues of Spain that are brandied. 

Of late years Australia has become rather prominent 
as a wine-producing country. The Editor's broflier, 
Mn Fkeubrio Musfratt, who has resided there for 
some years, writes as follows ; — 

Wine has been made in Australia during the last 
thirty yeai-s, but has not been known in the towns till 
within the last ten years, owing to the great demand 
for it in the country. The vine flourishes more or less 
in all these latitudes, but the climate of New South 
Wales must be admitted to be the best adapted for 
wine-growing, and vineyards are established on the 
banks of the Ilawkesbury, the Nepean, the Hunter, 
the Williams, and the Paterson, which are capable of 
being greatly augmented, to meet any demand there 
may be made for wine ; and a rapidly increqipirig popu- 
lation will doubtless hasten their extension. The 
quantity of wine produced in 1857 was about three 
hundred thousand gallons. * 

The wines best known in Sydney and Melbourne 
are Irrawang, Toraago, Oaewarra, Camden Park, 
Kinross, Kaludah, Porphyry, Tanilba, Wivenhoe, ei 
cetera.y ond the cn% — characteristic flavor — of the 
different varieties is as marked as is that of ChaUau 
Lafitie^ Mar^aux^ or other European wines. 

A Burgundy wine is best at Irrawang; a champagne 
at Kaludah and Caewarra ; a raedoc at Tomago, Kinross, 
and Tanilba; a hermitage at Porphyry; a muscat at 
Camden Park ; and a QrUves at Tanilba^ 

The vineyards are principally worked oy Germans, 
and the cellar-masters have learned their craft at 
Frankfort-on-the-Maine in Europe; so the local pre- 
judice against colonial wine, manufactured formerly 
under the superintendence of squatters, who never had 
any^experience in wine-making, is rapidly disappearing, 
the grape being richer in sugar than that grown on the 
Bhfno-board. The ordinary wine of tlie country is 
cousiderod generally to be superior to that of Germany. 
There has not been time to teat, on a large scale, the 
capability of produoitig extremely fine wines, but,' 
judging from the fact, ^at wine thirty years old is as 
rich in flavor ond bouquet os wine the same age in 
Europe; there can be but little question as to the quality. 
At the Paris Exhibition of 1866, the jury, upon tasting 
a red wine, two years old, called it hjoU vm^ heaucmip 
and awarded it one of its highest numbers. 
All present expressed their surprise at the result of 
the ^xaihinatibn, and highly approved of the wines. 
Tbe foretaan said thet’ were perfectly astoniBhed at the 
queAfy^ldte AustraSan wines, and were unanimous 
h for strength and flavor, between 

the Wines Uf the C6ie du Mum. 

A Sydtiey the wines at 

present in the markets saytiW^e wines of this^oolony 
are essentially Avmiitkm m general character. Thi^ 


assimilate to the French (md toman wbaeSt Borne 
are considered by conxioissowa to tesamble 
Sankme, churet, Burgundy, and to like^ no 
attempt is made to imitate these or any other wtois; 

ooiiiee> to vines are in great voiietyi; but, from 
whatever description of grapes they are made, eaifth 
vineyard has a peculiar toal character, dbtbgtiiahiiMe 
by viaiets. The Camden wines will tot be nOdoed. 
These ate of three sorts, namely — white, which resem- 
bles the Bhenish wine; red, which approaches Bur- 
gundy in taste ; and muscat, rather like Sze Frontignac 
of the Cape, malmsey, or Madeifa. Now for the 
Irrawang wines. The white is considered like hock 
or Sauteme; of the red there » at present no stock; 
and the sparkling Muratta is a very Me tompagne. 
Next, the Wivenhoe wines wiH be referred to. These 
are — the white Muscat, resembling hock; red, cor- 
responding in flavor with Rhenish wines; Madeira, 
which is of a Froutignac description; and Reissling. 
There are some wines grown at Oatlands, near Para- 
matta — the red resembles a claret, and the white 
corresponds witli a light French wine. Under the 
lieod pf Notes and Queries in the Bp&cicctor^ is tlie 
following : — The samples of Australian wine at the 
Paris Exhibition have earned special corntneudatiOn. 
When the horticulturists of that colony shall have 
succeeded in extending the cu^ivation of the vino over 
the land of the dreary Encalyptus, one may imagine 
that it is destined to the nurture of a British BAccHtrs, 
and may look forward to the importation of Australian 
wines ; and upon its arid soil, even upon the chasm of 
pools that its rivers present in thb summer, would bo 
exhibited the same miracle which is to be seen in the 
South of Europe, the juicy grape growing upon a 
[tarched soil, and for a season would be clothed with 
the loveliest foliage under the sun. Fancy the change 
of character that must come over the British stock 
habitually living in such scenes, under such a sun, with 
such a diet. It will be an experiment somewhat such 
as tlio world might have witnessed bad tlie Saxon been 
planted in Italy. These queries are curious, as indi- 
cating the notions of tlio uiitravelled ; hut parties are 
daily getting more accurate knowledge as to the actual 
capabilities of the British Colonies. 

The vineyards in the neighborhood of Adelaide, 
South Australia, are rapidly extending, and on the 
banks of the Murray and Murrumbidgee; the wines thal 
are grown there yirill bear comparison with tiiose of 
otlmr lands. The only drawback to a rapid increase 
in the wines made in Australia lies in the doamess of 
labor; but as all the farmers along the theusands of 
miles of river banks are all planting their small vine- 
yar(k — which may be tended by their wives and 
childfren — and as merchants, who will buy to juice. 

I and await its ripening, are establishing themselves at 
convenient places, there is every prospect of to trade 
becoming greatly enlarged. 

In the ripening of wines Austxolia possesses an 
advantage over Europe. As there is no winter tore, 
BO is there no check to^ to tomentatiou after to juice 
has been removed from to vats to to casks* This 
check to the fermentation in Europe is the esuse of 
much wine fouling ^ and is to modier of many of to 
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«o Killed doknmeB m iJ0me9* This is a source of gi-^at 
ankiety to mauy of thokrge European viffnerons* On ac- 
count of the hot winds in Australia, the vines are pruned 
low; and ae this method, oomhhied with a hot sun, 
oausee mpre to be in the grape than is usual in 

Europe, it is found that the fermouting juice will; as a 
role, bear a latge quantity of Malb; the consequence is, 
that the eknieDts of bouquet are much more promi- 
nent than with wines of the same strength in Europe. 

The foregoing mnarks are well worthy of attention. 
Good and sound wines doubtless have been made in 
Australia; but the' Editor is not so certain whether 
the English will ever admit any wine produced in the 
colonies to be equal in that beautiful aroma — ^which 
science has not yet been able positively to assort 
what it is-— and flavor belonging to the first-class 
wines of Europe — Johannisborg, Santerno, Rudes- 
beimer, Liebfraumllch, et cetera. 

In 1852, specimens furnished to Baron Liebig will 
explain the result of an attempt at wine-making in 
that colony. This wine, principally fi-oni the grai)e 
colled the pineau noir and gris,- carried a specific gravity 
of 0*992, and gave 1G’20 per cent, of alcohol ; 0*605 of 
free acid ; 3*205 of dry residue ; and 0*498 of incombus- 
tiblo ashy constituents. Another species of wliito wine 
grown at IiTawang had a specific gravity of 0*94 ; gave 
out thirteen per cent, pf alcohol; 0*66 of free acid; 
3'313 of dry residue, chiefly saccharine; and 0*563 per 
cent, of 4shy constituents— proportions mot with in 
some of the European wines, particularly the Gorman. 
Liebig also analyzed other wines of Australia, and 
among them one obtained from the white muscat 
grape, which gave 19*53 per cent, of alcohol and 0*64 
of free acid. 

The wines of South America have not boon analyzed. 
They are scarcely known in Europe. There is, how- 
ever, a red wne made at Chili which is much liked by 
Frenchmen, and is considered a very fine mn ordinaire ; 
instances being known of French men-of-war putting in 
to Chili and stocking their vessels with hogsheads of it. 

The difference in the intoxicating eft'ect of wine, and 
* brandy and water, it has been asserted does not exist. 
Professor Beck, taking brandy at 63*39 of alcohol, 
calculated strong Madeira at 48*26 ; weaker Madeira, 
36*14; port, average, 42*33; Buccllas, 35*21; sherry, 
33*75 ; Sautorne, 24^34 ; claret, 21 *38, He is of opinion 
that the difference between wine and brandy and water 
is more fanciful tlian real. New wine is more intoxi- 
cating than old, although the latter is more spirituous ; 
and, according to Soemmering, loses of its aqueous 
parts by age. Buanue, with good reason, supposes 
that when brandy and water are allowed a sufficient 
lime for combination, the intoxicating power ma^ not 
be more than that of wine containing an equivalent of 
brandy. Thus the effect of brandy and water arises 
from their imperfect union. On the other hand, it is 
certain, that the evil effects of the two, when taken in 
excess, upon the animal system are very different. Fine 
pale cognac — H)enne»sv or Renault’s — witli water, is 
often prescribed for invalids, and with great success. 
The Editor is of opinion that such a beverage taken 
cbnstanfly is less injurious than heavy, and especially, 
drived wines. 


In some places in the North of Elorope wine has been 
exposed to severe frost, under the idea of imparting 
strength to it, by drawing off unfrozen portion. 

In the Augustan age, when the Euxine sea ueisd to be 
frozen over, the wine in the casks, it is said, was cut 
with hatchets. Mr. Pa rices experimented on wine i 
exposed to 22° below the freezing point. He could dis- 
cover no difference in taste between the fluid frozen and 
unfrozen, and thought the unfrozen the more vapid of 
the two. Of five hundred and sixty grains of port wine, 
five hundred and forty remained liquid; and of sherry 
two hundred and eighty-five grains were frozen, and 
one thousand and fifty-six remained in a fluid state — a 
result not in accordance with the experience of tlio 
colder wine countries of Europe. I 

The various matters discoveruble in wine are not ' 
all found in the same growths. Loss or more in some, 
and none at all in other kinds, with ever varying 
quantities, render analysis only good in relation to 
single specimens, and of no serviro in laying down a 
general rule for all. Thus water, sugar, alcohol, gum, 
extractive and nitrogenous matter, or albumen; the 
bitartrate of iDotassa, sulphate of potassa, chlorides 
of potassium and sodium, and in red wine coloring , i 
matter, an^ tannin from the stalks ; carbonic acid in J 
sparkling wine, and a perfume or bouquet, a species ' 
of ether — enantliic, accti(^, et cetera — found in tlio 
fermentation, and citric acid — a mere trace of the latter 
— ^have been found in wine. Malic and gallic acid were 1 1 
thought at ono time, witi) tartar and sugar, adding 
the gluten, to be almost the entire of the principles | 
discoverable, and that all wines wore the samo in this ! 
respect; but science has undeceived the world upon j 
this point. The amount of sugar in some sweet wines | 
is full thirty per cent, according to Proust. White ! 
wines are more perfect than red, and will endure | 
longer; perhaps arising from the absence of the acid | 
taken up by gypsum in the making, which cannot bo 
used in red wines. The color of the red wines some- j 
times approaches to black from intensity. Indeed, a j 
powerful wine in France carries the name of the Black 
wine of Cahors, generally used for strengthening weak- 
bodied or light* colored wines. Port wine of the vint- 
age 1812, and tliat of 1820— Chilling worth— are 
nearly , black, although upwards of forty years old. 
From pink to black in red exist, and from water to a 
deep golden hue in white wines, and even a green color 
in the wines of Cotnar. Amber and brown in different 
shades are to be met with, but no merit in regard to tlio 
quality of the wine attaches to the hue, however agree- 
able ono more than another may bo to the- vision. 
Perhaps the clarets — so named from the French clairet^ 
which, however, attaches to a different species — ^hold 
the middle place in regard to color, between the light 
red and black. The coloring matter in red wines may 
be obtained by an exposm'e of llie bottle to the sun’s 
rays, when it will fall in flakes ; the taste of the wine 
remains unaltered. Before adding lime wal^r the color- 
ing matter is precipitated with the insoluble saltlotmed 
by the wine and acid of the wiue Jtt union. The finer 
wines are. generally those in whidh the color is most 
attended to by the naftker, and the rivaliy in this 
respect is considerable. It is a matter in which preju- 
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dice opetates. Many people cannot be persuaded that a 
pure red wine, of a light color, may bo far superior as a 
^vine in oveiy good quality to one deeply colored, even 
when pei'hape, as in port wine, it is aided by the 
elderberry. 

When red w!ne$ lose color on the Continent they 
are said to be rancioi rusty ; in England tawny. The 
coloring matter deoj^ens cm the deposit of tartar, and 
tlie tawny hue arises from age. Heat, too, will injure 
the color, which is thus not necessary to the flavor of 
the wine, being no way dependent upon it. Carbonate 
of potassa, sometimes formed in wine, injures both the 
color and flavor. It arises from the decomposition of 
the tartar, and in France is called the iomure. A 
little tartaric acid being added, the potassa forms cream 
of tartar, depositing crystals. 

Wines grow darker as they ameliorate up to a cer- 
tain point, but this is not uniformly the case. The 
alcohol in the wine, diminishing by evaporation, has no 
relation to this change ; indeed, it is probable, that the 
aqueous poriiou evaporates rather than the spirituous. 
The specific gravity of wine increases under those oir- 
cmnstances. Many affirm that the alcohol in bottled 
wine increases by age ; Mulder assorts that such a 
statement is thoroughly hilse, the formation of alcohol 
in the bottles being impossible. Soemmerino dis- 
covered, that there werO substances which permitted 
' the aqueous portion of wine to escape more freely than 

I tlio alcoholic. Equal parts of alcohol and water were 

! placed in a glass vessel, and the mouth closed with a 
I piece of bladder. — See Alcohol, Jt was observed, that 

j under the circiiraslAuces more water was lost than 
j alcohol, but when tlm temperature was raised to 62® it 
' passed through the bladder unchanged. From this, and 
otlier experiments, Soemmering took the idea of 
iuncliorating wine by exposing it to a similar pro- 
cess. He, in oonsoquonce, covered a glass vessel full of 
wine with a bladder, and siiHercd it to l^main eighty- 
one days aside in a warm dry room. During that time 
one-half had evaporated, and the residue had acquired 
a more spirituous, mellow, and agreeable flavor. The j 
color was dcepetied, a film had formed over Ute wine, 
and a deposit of crystals had taken place at the bottom 
of the glass. Tho proportion of alcohol had doubled 
from 4-0 to 8*0. A repetition of tlie experiment gave 
the same result, and thus a more rapid mode of ame- 
liorating wine was discovered, than keeping it in wood, 
to effect tho disengagement of the alcohol and water by 
lime. Hence the transportation of wines to a tropical 
climate and home again, exposing the wine to aqueous 
evaporation, easily accounted for tho beneficial effect, 
and the satUe with heat artificially applied. Wines 
thus exposed, too, deposit rapidly. Thus it is a com- 
mon trick with port wipe-mixers to place the bottles 
in water, carry it to the boiling point, and then, 
taking them out and placing them in the cellar, the 
cruHt SQ adfn.iTed hy the igTiotant in port wine w tw- 
tnedicUely formed* It has been advanced, in conse- 
quence ^ the foregoing discovery, that tlie amelioration 
of winns in tjhe wood is effected mainly by the disen- 
gagement of some of their water — the alcohol being 
retained, or a mnaller proportion of alcohol than water 
being evaporated, the teat of tl^o wine becomes more 
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otmeentrated-F^and that for thie purpose vowels are most 
desirable which will retain the ^coholio and |>ermit tho 
aqueous particles to esofpe. Wine is oWejfyed to 
evaporate more rapidly in chestnut cashs than in those | 
of oak or similar dose-grained timber... To such an 
extent is this evaporation carried in diestnut casks, 
that the French ^ve prohibited the exportation of 
brandy in any but what are made of oak. Hence it 
may be conjectured, tliat the larger the surface of the 
liquor exposed the more rapid will be the evaporation ; 
and that as the fermentation is quickened by the larger 
bulk in action, so it is with vinous amelioration. There \ 
is probably a limit here, which it would be very dcsir- ! 
able to ascertain, but to which discovery no approxi- { 
mation has yet taken place. The Germans of late j 
years, as they have discovered that, beyond the point of j 
maturity in wine, the long keeping once thought of so 
much importance is not really of any great moment, 
seem also to have discovered that tuns of a moderate 
capacity are fully as advantageous as the gigantic ves- 
sels, by their fathers deemed of so much moment, for 
mellowing their Khine wines. 

.Wine is continually sophisticated and adulterated, 
especially such as is of a coarse nature, having no 
obvious standard of taste. Of such wines port is, from 
the common usage, and the different flavors imparted 
to the wines of that name, the most abused. It is clear 
that a wine of any given spocifjs, if pure, will difler very 
little more in flavor in any season than tho strength or 
weakness of the must will occasion. The main charac- 
teristics of tlie wiuo will be present. In a first-class 
Burgundy wine, for example, it will always be possible 
to distinguish that the wine is the growth of the country 
assigned, and no other wines will be drank in its place 
that are not of the same, order. This would be the case 
with all sound good growths, and with the wines of 
Oporto as well, had they not been continually deprived 
of their natural 'character by mingling, coloring, and 
brandy adulteration. A house — Irei.and and Company 
of Bristol — was renowned for its excellent Bristol poii 
wine, and a handsome fortune realized. All at once, 
on the breaking out of the French revolutionary war, 
Bristol ports were no longer to bo had, and IRELAND and 
Company wound up their affairs,, because they could 
no more obtain the wines of the South of France, for 
which they were celebrated as port-wine merchants, 
not a cask of their wines having ever been in Portugal. 
Now, such a deception could not be practised with 
Burgundy, champagne, or the finer wines of France. 

The Editor has repeatedly had English-made port 
sent to him, but the imitation in no instance deceived 
him. The taste was suificient to detect the imposi- 
tion. 

The mingling of inferior wines with superior, or 
with brandy, is not the sophistication for which the 
chemical professor is so much required to confet r 
boon upon the public, as in deteoring extraneous sub- 
stances of no vinous chameter at all. To brandy 
intermixed with wine, and which never blends with it 
as the natural alcohol of the wine does, are owing, in 
many cases, the liver complaints of the wine drinkers 
in England— a disease raie in ivine countries. 

The alcohol in wine may be ascertained by adding 
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one pftrt of A «oiieeiitiutod sohition of subacetaits of 
to eight of wioe hy meosuremeQt* A pecdpitate 
Is thtiB formed: agltste the mixture for a few minutes ; 
|)Our the wbde upon s filter; and then collect theHuid* 
This fioid consists of the spfnt and water, with a por- 
tion of the lead. Now add by little and HtUe pure, 
warm, dry subcarbonate of potaasa — not the «dt of 
tartar, andsubcarbonato of potassa of oommeroe — wIinGh 
has been fireed by heat from waiter. This must be 
done until the last portion resnains undissolved. The 
spirit in the fluid being thus separated by the potassa 
abstracting all tlie water, the ionner wili be found a 
stratum upon the salt. The experiment should be 
made In a glass tube, from half an inch to two indbes 
in diameter, graduated into a hundred ports ; and thus 
the q^uantity of spirit may be read off at sight. 

To detect elderberry coloring in port aiid other 
red wines, acetate of lead is the simplest test. With 
pure red wine it throws down a greenish-grey precripi- 
tate. A d(!ep blue precipitate is tlie result of elder- 
berries, logwood, and bilberries. Brazil wood and red 
Sanders are thrown down red. Lime water destroys the 
color imparted by beet. 

Watson in bis chemical essays, as to his assertion 
that lead has been used in wine, is contradicted by the 
best French cheniistB, who have never been able to 
find a trace of its usage, and assert that it cannot be 
of any service. In Eifgland, among the fabricators 
and amenders of base whtes, sugar of load and 
litharge have been ignorantly applied for cleansing 
white wines rapidly, according to their own statements. 
Ignoranoe and vice generally travel abreast. Thus 
to keep wines from turning, some one of the vulgar 
receipts has proved a very haimlcss one — Put in fair 
water a pound of lead which has been melted ; then into 
the cask, pretty warm, and stop it close I Oyster-shell 
lime lias been used for the same purpose, an ounce to 
two gallons.of the wine. Cochineal, to the extent of half 
an ounce dissolved in wine or brandy, is one means used 
to improve color ; and for port wine the compound called 
geropiga made in Portugal, and imported into Eng- 
land openly, as a Ugusur solely for sophisticating port 
wine. Fort and claret are rendered rough by baking 
two quarts of sloes in a gentle oven, or over a slow 
fire, until their moisture is given oat The fruit is 
squeezed, and a pint of the Hquid is applied to tliirty 
or forty gallons of the wine. 

Substances native, such as genuine must, wine, 
alcohol, or sirup— that is, boiled wine — can alone be 
tolerated in mixing. All besides is more or less a 
fraud. The object of inixing litharge, potassa, and 
tartrate of potassa, is to arrest bad flavor and temper 
sharpness in new wine. Some substances for color, 
sugar and honey to aweeten, ^ices to improve the 
flavor, and perry and water to increase the volume, 
are complained ^ in France. Tliere is a commissiorti 
there of able chemists, who examine samples of wine 
with great care. First, as to litharge— a poison— no one 
instance of its use has ever been detect^* In 1824 a 
petitian was presented to the French obataher of depu- 
lies, making sodh a charge agamat the wine merciiante 
generally^ the public were atermed, aind an inquiry 
was insfltuied., The icsult was, riiat no Siiigle instance 


of flie employment of lithaige oould be 'Sifl)Stantteted 
— ^ihat, themically speaking, litharge was a subetaHce 
which, from experiment, contributed more to the 
deterioratiDn than the preservation of the wine, and 
the merchants had no interest in its use. The petition 
was rejected as without foundation. In ana^Fses of 
ike wine for fifty-five years, the l?rench council of 
health never met with the traces of such a srdntatnce 
in wme. They only stated teat they had to complain, 
that too much water and often perry had been mingled 
to increase tbe volume of the wine. Simp of dried 
raisins had been used wHh colored water, and fer- 
mented and sold to imitate the wines consumed in 
cabarets, but never any deleterious substances, under 
countless analyses. M. Jullien experimented upon 
this substance in 1824. In a litre of musk in A state | 
of acetous fermentation, one gramme and a half ot | 
powdered litharge was mingled and agitated several ! 
times for twenty-four hours, and then suffered to rest. I 
The wine was tasted two days afterwards, and found j 
as acid as at first, and unchanged in color. It was ' 
then filtered, and sulphuric acid l>eing added, the white | 
precipitate of the sulphate of lead was scarcely i>er- j 
ceptible; but the sulphide of potassium, in anotlier 1 
part of the liquid, caused a precipitate of tbe color of | 
the lees of the wine. The result of four analyses was, 
that litharge did not deprive wine of its acidity, and 
contributed more to its decomposition than preserva- 
tion; tliat in any considerable quantity it destroyed 
it, and that in a small quantity it remained in the wine 
in a state to be recognized with facility. If used in 
domestic w'ines, tljo same effect would follow. It was 
probable teat the tartar of the wine had been mis- 
taken for it. After all tJie scientific researches of 
foreigners into the nature of wine, they have not 
succeeded in detecting the quantity of perry, water, 
and not insalubrious ingredients, added by tee dis- 
honest dealer. 

Frauds in blending wine, often too common, are 
not managed with substances foreign to tlie grape. 
The rinsings of brandy and rum casks, Cape wines, 
cider, coloring matter, and tartar, or anything which 
will form a basis with Benecarlos, Figueras, red Cape, 
mountain, tartar, gum-dragon, cider, for port; and for 
coloring it red sanders hifused for fourteen days in 
spirit of wine. Port is also made with that wine, 
twelve gallons ; spirit of wine, six ; brandy, three ; 
rough fine cider, forty-two. A strong decoction of 
Brazil wood and alum imitate the {i|vurito cruet. 
Sherry is imitated, but tee low-priced wine mingled 
with Ca])e answers the end. The notion that lead 
hel[>&bad wine is current in England. But little faite is 
to be placed in such reports, einoe it has not the effect 
ascrib^ to it. Sulphide of hydrogen gas wfll detect 
lead in wine, turning it deep brown ot black* Aknn, 
sometimes used for aetrin^cy, or for tlm pterpoee of 
brightening tee color, or of daring newly made winCf 
may be detected by first decoloring tee wine — if red— 
by moans of animal charcoal, previously washed with 
hydrodfloric acid, filtering, and cv^raMng'tiie MqiiM 
to about one-tefrd of its vduute te a\pel^edaln or ^a- 
tiimm eapsute) and re^ttering. If a preoipitete has 
been formed while concenbeteig ; if potassa, soda, or 







clLlori4e of ammoxtium producos poured into tihe 
filtratei a wMte precipitate eolnble aid ^ lieat 

in excess of al^ ; if carbonate of potassa or eOda 
produces a white deposit ; if nitrate of baiyta or oi 
chloride of barium produces also a white precipitate 
insolable in acid, alum U Resent ; or as No&UiJn:)T 
fnrtiber Juidj^ a given portion of ihe wine may be era^ 
porated to drynoss and ignited, tiie reeidne treated 
wi& a little hydroohlorio add, evaporated to dryness 
and re-treated with dilute hydrochloric acid. If now 
the addition of caustio potassa produces a white gelati- 
nous precipitate soluble in excess of alkali^ but which is 
repreoipitated by diloride of ammonium, then alum is 
present. 

Not to follow these deceptions further — field it 
may be inferred is a wide one for the investigation of 
1 1 science, by resoarches into the defects of wine itself, 

I and pointing out proper remedies — the inequality in 

I i must of the product of the grape, from so many causes, 

I requires to be obviated ; but no rule can yet be laid 

I I down by wliich existing evils can be certainly avoided. 

! I Among the curious facts in relation to pure wines are 
i j the character of. their deposits, so varied in fqnn and 
! ; density, according to the growth of the vino and tem- 
1 perature of the year when the vintage occurred. Some 
j lire oily, others muddy,^ adhering to the side of tlie 

j bottle ; and some are very light, so that on the least 
I movement they mingle with the wine. Oftentimes the 
! same wines will make a dcjposit in. two different 
I foi*ms in the same bottle, one adhering to the sides or 
I uniting in a mass at the bottom of the wine, the 
I j otlier suspended in the liquor. One species of deposit 
j I resembles litharge, and no doubt caused the repoil of 
I i its usage. In chamjuignG wine the deposit is called 
I i dejKii~idtrte^ a precipitate in the form of very fine 
j I sand, or little scaly crystals, which are the tartar 
j I naturally dej) 08 ited. All wine rcsiduuins contain more 
I or less of this substance, hut it is often so enveloped in 
the oily or muddy parts of the preci])itate that it is not 
apparent. It is heavier than other deposits, and when 
mingled with the wine does not communicate any bad 
taste, altera its clearness very little, and when shaking 
the liquor ceases it falls to the bottom. This deposit 
is found in tlie better wines, and those having it pre- 
serve their excellence a long time, and are less subject 
to disarrangements than the wines the residue of which 
floats in the liquid. In order to investigate the nature 
of this substance, it is dried and placed upon burning 
charcoal. In consuming it emits an odor of burnt 
tortor, and on keeping up the fire, leaves a white 
residue which is found to bo potassa. 

The choicest wines keep the longest in bottle, and 
deposit there so much that, in order to have tlie wine 
jierfecfly limpid, it is necessary to decant them with 
great care. It is useless to place them in differant 
bottles Ibr no other reason but to secure transparency, 
as they will soon begin to deposit anew. Unless they 
are to be removed to a distance, or there is a fear of their 
aO*iulrbg a bad taste, they shoiild remain untouched. 

vrhen necessary, is to be performed with 
great care. glass or tinned Hiphons have been 

tried Ibr delicate Fiunch whi^btit not with the desirod 
success. Ompe or gaiM inconvenieu^ An 



fnsbmmeiit UaHed a by M. 

Jttttam, is used ibr thb purpose in as well 

as for chemical transfuSionBi For more 

partietdariy it is well adapted^ Wine is some^iUes 
idsced in demgohns, winch hold from thirty to sixty 
bottles each, by which means it is well preserved ; but 
the inconvenience of stirring up the deport is in ho 
way lessened oh attemptbg to transfer their contents. 

The disprfsgpordona^ allowance of brandy thrown 
into wine is after aH the great evil encountered in tlio 
wines destined for British consumption, and this is i 
always to be detected by science. All wkies of the 
highest class are deemed too weak and ihin. The 
merdiant imagines that ft prevents acetous fermenta- 
tion, and he knows that it blends all qualities into that 
which is most plentiful. Dr. M*Guli^ch denied that it 
suspends aceti^tion; Mr. Cadet says, tliat it' adminis- 
tered to the one-seventieth of the entire value it will j 
do so. Alcohol is not separated by the action of 
heat, since it has been effected at 56° ; but, however, 
this may be, wine to which brandy has been artificially 
added, affects tiie nervous system to a degree far greater 
thkn wine in the natural state, and chemistry has not 
yet been successful in discovering any theory which 
will account for it. The following tables Show the 
importations of wine and tlie amount for homo con- 
sumption for the years mentioned in the respective 
columns * 



TAB&B or WXKB XMTORTATIOKS. 


VRiin. 

Tiinft 

Prauoli. 

Tniii. 

rOKlUgUOM;, 

1075 

7.4t»5- 

20 

1676 

U.645 

S3 

1677 

€,7H9 

176 

1678 

Cl 

190 
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WINE 


-Tabu 

%I»M* 

' Tun*. 

Hbdt. 



Ttikui, 


OftUt. 

1717 

22,260 

8 

m 

1771 

16,874 

2 

12 

1718 

23,875 

1 

48 

1772 

15,597 

2 

42 

1719 

20,510 

2 

13 

1773 

16,431 

3 

20 

1720 

19,141 

0 

44 

1774 

17,992 

1 

20 

1721 

25,263 

0 

45 

1775 

17,736 

0 

13 

1722 

25,470 

0 

42 

1776 

16,734 

0 

36 

1723 

22,416 

1 

1 

1777 

18,217 

2 

60 

1724 

23,076 

3 

8 

1778 

16,343 

0 

51 

1725 

24,722 

3 

85 

1779 

12,760 

2 

10 

1726 

19,834 

0 

24 

1780 

20,514 

2 

39 

1727 

21,064 

3 

61 

1781 

13,311 

3 

20 

1728 

30,046 

2 

32 

1782 

9,791 

0 

39 

1729 

25,672 

3 

50 

1783 

13,624 

1 

61 

1730 

19,823 

3 

31 

1784 

14,499 

0 

56 

1781 

24,239 

1 

58 

1785 

16,287 

0 

58} 

1732 

21,384 

0 

11 

1786 

16,242 

3 

53 

1733 

21,420 

1 

57 

1787 

23,324 

3 

83 

1734 

21,264 

1 

47 

1788 

25,5<)0 

3 

52 

1735 

24,416 

1 

28 

1789 

26,299 

2 

60 

1736 

20,763 

0 

10 

1790 

29,144 

3 

13 

1737 

26,605 

. 1 

38 

1791 

33,155 

1 

33 

1738 

22,171 

2 

1 

1792 

35,625 

8 

51 

1739 

18,594 

3 

28 

1793 

22,788 

3 

40 

1740 

15,198 

3 

60 

1794 

30,259 

2 

2 

1741 

17,178 

1 

8 

1795 

35.608 

8 

51 

174* 

16,715 

8 

58 

1796 

23,693 

1 

37 

1743 

17,655 

0 

34 

1797 

15,901 

2 

30 

1744 

10.276 

2 

60 

1798 

23,287 

3 

49 

1746 

16,034 

1 

34 1 

J799 

33,119 

3 

7 

1746 

12,205 

1 

11 

f 1800 

32,332 

1 

20 

1747 

14.560 

2 

32' 

I 1801 

38,893 

1 

21 

1748 

15,136 

1 

16 

1802 

30,407 

0 

5.3 

1749 

21,555 

0 

35 

1803 

37,913 

1 

62 

1750 

15,456 

2 

11 

1804 

19,419 

3 

2 

1751 

14,788 

0 

2 

1805 

33,463 

0 

55 

1752 

13,708 

2 

52 

1806 

35,910 

0 

55 

1753 

18,857 

0 

#) 

1807 

39,789 

3 

29 

1754 

14,982 

3 

60 

ms 

47,143 

3 

49 

17,5.5 

16,544 

2 

22 

1809 

49,762 

3 

17 

1756 

12,264 

2 

18 

1810 

47,058 

3 

25 

1757 

14,050 

2 

30 

1811 

20,787 

1 

4 

1758 

16,896 

1 

54 

1812 

35,082 

1 

m 

1759 

15,405 

2 

19 

1813 


. • 

1760 

15,427 

8 

47 

1814 

31 ,465 

2 

86 

1761 

14,602 

3 

46 

1815 

30,874 

0 

20J 

1762 

16,097 

0 

X 

1816 

18,218 

0 

57} 

1763 

17,082 

3 

21 

1817 

27,073 

0 


1764 

17,390 

1 

42 

1818 

35,763 

2 

9| 

1765 

1766 

1767 

18,132 

18,472 

17,087 

1 

0 

3 

4 

14 

5 

1819 

1820 

23,407 

22,781 

0 

1 

33/„ 

1768 

18^580 

0 

58 

1821 

24,125 

0 


1769 

18,371 

2 

SO 

1822 

27,454 

2 

25 

1770 

16,724 

0 

40 






Tabled op Impoktations, 


TABLE OF WUtE OOMQOVFTXOK, 

Wine oonsBiBption and proportion to, population. Do^vn to 
the year 1787 toe importation and consumption were nearly 


^Ilnp«rlAl 

Oiinofiit. 

6,67fl,3r>5 

6,637,506 

10,802^033 

7,586,937 

7,950,961 

9,837,951 

7,638,196 

6,879,588 

7,116,870 

6,018,480 

7,443,641 

9,766,116 


XtnperlAl 

(MUon*. 

9,039,551 

9,406,083 

8,033,480 

8,518,484 

9,909,056 

9,311,247 

7.7t)8,502 

7,216,113 

0,807,053 

8,584,586 

9,469,776 

7,711,809 


IrnficiinT 

Ublltditt, 

4,521,941 

6,650,614 

5,959,098 

6.601,038 

7,573,790 

7,851,707 

0,610,701 

6.811.874 
8,23B,4:)8 

5.776.260 

3.569.261 
5,265,768 
6,138,164 
7,294,752 
6,876,710 
7,113,416 
8,226,464 
5,457,691 
4,622,701 
.5,825,178 
6,271,310 

6.331.875 
6.81)4,177 
6,521,293 


5,629,722 

6,024,630 

4,565,477 

6,330,774 

4,624,105 

4,067,038 

5,142,829 

5,635,216 

4,615,212 

4,686,495 

4,680,885 

4,606,999 

4,845,060 

5,030,091 

8.009.542 
6,058,443 
6,820,361 
7,162,376 
6,217,652 
6,434,445 
6,212,264 

6.965.542 
6,207,770 
6,480,544 


6,420,342 

6,809,212 

6,391,531 

6,990,271 

7,000,486 

6,563,022 

6,184,960 

4.815.222 
6,068,987 
6,838,684 
6,736,131 
6,740,316 
6,053,847 
6,136,547 
6,251,862 

6.437.222 
6,280,653 
6,346,061 
6,813,830 
6.775,858 
6,873,601 
7,367,874 
7,012,042 
6,697,146 


The wine consumption, with a population of about 
eight or nine millions in 1787, augmented to nearly 
twenty millions of souls in 1851, showed little increase, 
in consequence of tho duties on several classes of 
wines reaching fully to 500 per cent. That the means 
of purchase increased with tho population, is shown by 
tho augmented value of property assessed in 1803 = 
£115,351,952, and in 1843 == £181,322,202.— 
on the. Wine Duties, 1855. If, with eight or nine 
millions of souls, we coiisuincd seven millions of im- 
perial gallons, with twenty millions of population we 
should have consumed double that quantity, in place 
of no increase having taken jdaoe — sj)irii having been 
substituted. 


Tho Methuen treaty to favor Portugal at the ex- 
pense of France was signed in 1703 — the duly on 
French wino to be one-third more than on that of 
Portugal, A tun of wine is two pipes, four hogsheads, 
or two hundred and fifty gallons old measure, or two 
hundred and thirty-one cubic inches. From tho year 
1785 the returns include all sorts and quantities of 
wine, however small. In 1813 the records were 
destroyed by fire at the Custom House. 

About this time tho returns were mode in imperial 
gallons, the old measures being abolished. 


► 1702 

» 1798 . , 

► 1804 

► 1810 . 

>1S16 . 

> 1822 . 

► 1830 {8y 

► 1836 . . 

► 1842 . , 

» 1848 . . 

.1854 .. 


Inifioriiil ealloiia 

.. 39,158,218 

.. 36,871,802 

.. 41,107,197 
. 35,466,570 

. . 29,231 ,636 

29,273,636 
ctirs) 50,583,970 
. . 87,405,674 
. . 37,936,392 
. . 36,574,512 
. . 38,909,486 


ropnlallon. 

8,000,000 

8,600,000 

10,812,000 

13, 296, *177 
14,072,331 
16,000,000 
16,255,605 
18,664,761 

20,919,531 


Jmitftilnl 

CaiIjohs 

7.938.067 
7,536,730 

7.970.067 
9,304,312 
9,008,428 
6,793,304 

11,029,567 
10,87.5,855 ; 
8,946,706 
9,474,694 i 
10,3.36«845 
5,791,666 


Tho consumption of wine was three and a half 
bottles per head from 1785 to 1794. It fell to three 
bottles from 1794 to 1814; and from 1814 to 1820 to 
two bottles. After that one and three-tenths bottle 
per head. 

From 1786 to 1794 the Porto^ese wine consumed 
in Great Britain, principally port, was 75*67 per cent,, 
because there were only two-thirds of the duty paid 
upon the wines of Portugal that were paid on other 
wines. The duties were equalized in 1831, and from 
that time to 1654 the consumption of port diminiBhed, 
until, in 1854, it was only 36*69 of the whole O’Ohsump- 
tion. Spanish wines, only 16*67^ in the first period, rose 
to 38*34 per cent. •, French wines that were o^ly 3*26 
per cent, Jbftfi m 1354 to 8*12. 



OF OOKSUMPTtON. 


Table of the proportions of differetit wines oonsumed Jambs, attthor of tbe Wme DiUies omsUkted Finan^ j 
iu England, for wbicb the Editor is indebted to Mr« eially and SodmUy, et aeterOi 1855 1 


XilBLE OF FKOFOllTIOKAL OOKBOUFTIOE. 




Cofcmlal. 

6pafi1«lh 

FortairneiM 

Fmidi. 

Sldlten. 

M«ddra. 



Pur ovpt. 

r«r oQot 

Fwwut 

Per Q«nt, 

Per «ent 

Par oont. 


1849 ....> 

8-87 

89-10 

42-36 

5-03 

7-U 

.... l‘U 


18.50 

8-82 

88-36 

43-73 

.... 5*29 . f * • 

6-61 

.... 1*00 


1851 

8-74 

40-33 

40-02 

.... 7-12 

6-28 

.... 1-10 


1852 

3-82 

41-08 

39-23 

.... 7-05 « . . < 

6-12 

• -.t 1-1 


1863 

3-02 

89*58 

88-87 

7-79 

7-55 

.... 1*02 


1854 

3-75 

8S-33 

36-07 

.... 8*15 . . * » 

11-82 

0-08 


1865 

8-95 

40-42 

3,5-16 

.... 7*99 .... 

10*82 

.... 0*05 


1856 

4-02 

39-81 

34-03 

.... 8*33 .... 

10-43 

.... ' 0*57 

1 

i8r.7 

605 

39-43 

82-72 

.... 8*83 .... 

10-62 

.... 0*05 

i 

1 18S8 

10-89 

89 67 

28-69 

. . . • 8*54 tit. 

10-33 

0-05 

1 

1 

1 

I Fropottion of White to Fed Wines eonewned. 


Cape import aJt hdfduty. 


Cape 

1 

Tortnt. 

White - 

Uod, 


Inina li a] 


Impmol 

( 

i 1864 ... 

. 52-065 



ijHUotw 


enUout, 

j 

j 1S65 

. 54*32 

45-68 


861,605 


261.564 

j 

1856 

. 61-31 

. . . 46-69 


492,087 


852,330 

i 

1 867 

. 54-85 

46-16 


787,753 


. . . 456,214 

1 

* 1 

! 1858 

69-21 

40-79 


664,118 


726,314 


OEOBKASB IN IMTOUTATION, 1858, COMPAUEl) WITH THE 


French imports . . . 
Portuguese imports 
Spanish imports . . . 
Sicilian imports . . . 
Madeira and ('anury 
From Holland, . , . . 

Other places 

British PosseBsioiis 


PREVIOUS 

WEAR. 

I'iptfs 

. I)ucrett80 

PljXMl. 

. L742 

504 

14,240 - 

3,832 

.20,078 

1,114 

. 1,900 

114 

192 

52 

79 

32 

. 2, .339 

401 

1,427 


41,997 

5,549 . 
2,9.50 4 


these wines or compounds having been sold at little 
more than the duty only on foreign wipes. 

The average product of wine in France is nine hun- 
dred millions of gallons ; and in Paris two hundred and 
sixteen bottles per head are annually consumed; in 
Hamburg twenty-nine per head. The following table 
is the most authentic extant, and there is reason to 
think much within the real limit of the produce of tbe 
wines of Europe ; — 


o’SJn/ Colonial incrcRse at 

half duty deducted, j 

2,590 Decrease. 1 

( Decrease mixed in 
bond. 

Total 2,657 Pipes decreased. 

The Cape wines at half duty increased in ten years, 
from 3*87 to 10’89. Spanish were stationary, or with 
a small increase. Portuguese decreased from 42*36 to 
28*69. Other wines, except Madeira, increased. 

In the monetary provisions of the government for 

1860, the duties were reduced upon all wines of all 
countries and of our own colonies from five shillhigs and 
sixpence and five per cent., to take place on Januarj^ 1, 

1861, on wines of the lowest alcoholic strength, or 
not above 18**, These to be admitted at one shilling 
per gallon. The wanes above this alcoholic strength 
at two shillings, or wines approaching 40® of proof 
spirit. This reduction to commence at first by a fall 
of duty to three shillings per gallon, from the existing 

* . 2 
five shillings and sixpence — . 

The grocers* home made wines, free of duty, aided 
to supersede foreign wines in consumption, and thus 
injured the exchange of goods with the foreigner; 


France * 

Hungary and Austria 

Spain 

Italy 

German States, PnisBia, Luxemburg, &c. 

Portugal — total product 

Sicily 

The Azores 

The Canaries 

Cape of Good Hope 14,000 leaguers'^ 

of 60 gallons / 

Cyprus, CommsTulery, Muscadines, dec. 
Servia, Wallacliia, Ac 


Oatlont. 

900.000. 000 

600.000. 000 
220,000,000 
196,000,000 

45,000,000 

10,600,000 

8,000,000 

675.000 
1,876,000 

840.000 

80,000 

170.000 


Total.... 1,876, 990, 000 

Greece produces four millions six hundred and forty 
thousand okes; Asia Minor, Syria, Pfdestine, Persia, 
and the East produce wine, as well as some parts of 
Southern Russia, 

The following tables, from Redding on TTinsa, con- 
tain a selection out of a number of the fine growths, 
of tbe names and character of the wines produced in 
the principal countries in Europe. To extend the list 
would be useless. In France alone, there ate six 
classes of red wine, seven of whfte, and five of mne de 
liqueur. There are four hundred and sixty-three red 
wines, two hundred and forty-throe white, and nine 
de liqueur. The champagne wioes alone reckon six 
degrees in quality : — 



WINiS^-^-^VAmaTiss, 

WINES OF THE FIRST CLASS- 

FUANCI^ 0FAXrf mnrOABT, OGiRXAKYt 01OILT, BAFILB8, ANB CAFE OF OOOD BOFB. 


EottiAn^ Conti 

ChAmbertin 

Biohebour^ 

Clos Vongeot. 

BoUAntfe St, Vhrant 

IiA Tacbe 

8t. Geoi'ges . . . . ^ 

Gorton *. 

First growths of Prdmaux. 

' Blurigny 

Olos dq Tart 

St. Jean — 

Perrihre 

Veroilles 

Morgeot 

Mont liacbet 

Lafitte 

TiAtonr 

ChAleau Marganx 

i Haut Brion 

Beaiime 

Muret 

Boflsas, BorgeSy Landos . .. 

Mdal and Orbfieux 

. Bacoule, Guiouibre 


cote d’Or 


Mareuil 

HavtvBliom 

IMerrv 

T)izy 

Epemay — Closet 

St. Bria 

Oarbonnlenx *. 

Pontao 

Santerue 

Barsao 

Prcignacand Bcaumes. 
i Cb&teaa Grillet 


Hermitage ** 

Bivesaltea '* 

I Colmar, Olwiller, Kaieerberg 
Kientzheifn, Ammcrachwir. . ** 

Hermitage de Paille 

Amontillado Sherry . . ..... Spain 

Soilless Johannisberger ...... Geruiany 

Lacryma Ghrieti Naples 

^raense Sicily 

Tokay Essenoc, and its drat 'I 
growths, called Tarcasal, 

IbsegM, Zadany, Tolesva, * Hungary 

. a}8o£tdO‘Benye,Zambor, 

Taliya, Mada J 

Cotnar Moldavia 

I The Coromandeiy , C3Tjru8 

Oonstantia Africa 

Lagrinuui. . Spain 


La DrGmc 


La Loire 
Bhdne 

Pyrdndes Orientales 
Haut lihin 

tt 

Blidne 
Andalusia 
The Bhine 
Naples 
Syracuse 


The first and most deheate red ^inea 
in the world, full of rich perfume, of 
exquisite bouquet and fine purple color; 
light, yet with body and spirit suificient 
to render them pleasant and healthful 
in use. 


Burgundies, closely resembling the above 
I growths m aroma, and all their other 
1 qualities. 


White, highly esteemed. 

Fine color and perfume, light, loss warm 
• than Buri^ndy, with a taste of the 
violet, ana a rich purple hue. 

Wines of the Khdne, darker in color 
than the preceding. Bed IJenniUige 
the most noied^ of these, of good i>ody, 
and a fine flavor of the raspberry. 

J White, still, dry ; of an amber color ; 
\ generally iced for drinking. 

{ Fine efiervcsciug vsine, bright in color, 
slightly frothing. 

The liest of the white wines of Cham- 
pagne, being all of the first quality, but I 
difiering a little in color and efiferves- 


I Fiue white wines of excellent quality, 
lightish brown in color, aroma most | 
agreeable, and some of rather sweet 
taste. 

j- Description resembles the preceding. 

( Full of body, spirit, and perfume. The 
( white is the finest of all while wines. 

A rich muscadine. 

Straw wines, rich and luscious. 

I Ditto. 

I Ditto. 

A dry delicate wine. 

Ditto. 

A fine, luscious, sweet red wine. 
Bemarkably fine red muscat. « 


E«ag«y Co»«,of ZompUo 


Cotnar 
Com. D. 

Capo of Good Hope 


/Very spirituous, by some preferred to 
Tokay, Greenish color. 


Thick, rich, and luscious. 
Luscious; two kinds. 
Thick and luscious. 


SECOND GLASS.— FttKNOH. 


Wistfs. 


' 

CharitiBtaa 

Versy, Verzenay, Mailly, St. Basle, ’ 

Bouzy, St. Thierry ^ 

YosneiNttits, Ohambblle, Volnay,' 
Pomard, Beaune, Morey, Sa* 

vfgny, Meursidt - . . . 

Ollvotes, Pitoy, Perrihre» Prdaaz . 
OhainbttOf Higretme 


Marne 

CCte d’Or 

Yonne 

u 

filed wines of Champagne^ 

f Excellent red Burgundies, wij little Inferior to 

1 first growths. . ^ • 

j-Good wines, , ^ y ^ 

i ' 'V';' # 

— — ^ 





WIKE-^^VAKiETias, 


SECOND OLASS^FitENhw.-— 


Moulin 2l Vent, Torins, Chinas. . . 

Hormitaget second growths 

*C0te Bdtio. 

liozan^ Gorzei Ldovnie» l^rose,'! 
Branne-Mouton, Pichon^Longue^ > 

ville, Galon } 

COteau BriUd 

Juran^ouy Gan 

lloiiSHillon, Bagnola, Coaperon, Col-I 
lioure, Toreniila, Terrats, Mas- > 

dcu ) 

CrammitB, Avize, Oger. Menil 

La I’orrihre, Coinbotte, Goutte d’Or, \ 
Genevrihre, Oharmes et Meuraalt f 
Guobwillcrs^ Turkeira, Wolxhemi,1 
Molaheim, and Uangen, in Belibrit j 
Arboia, Pupilliu, Cbaleau ChalonH.* 

Coudrieu 

Jjangon, Cerons, Podeneoc 

Montbazillttc, Tcaulot, Iiauli.'>, ) 

Suina, Sanc6 ) 

Buzet, Amazon, Vianne 

Bt. Pcray, St. Jean 


I Saoneet Loire,! I 
\ llhdae / 


Vaucluae 
Basses Pyr^nfies 


Pyr^n^cs Oriontalcs Bed. 

Marne Wlute Champagne wines, of good quality. 

Cdto d’Or White Burgundies, of high repute in France* 


J uran^on 

Frontignan and Lunol.Mazei. 
Bagiiois, C<>lliourc,^Kodcz. ... 


Maccabco of , 


Marne 
Cdto d’Or 

Haut Hhin 
Bas Khin 
Jura 

Rhdne 
Gironde 
Dordogne 
Lot et Garonne 
Ardbche * 

Basses Pyr^u^es 
Ilorault 

Pyr6n6i‘K Orientales 


Dry, white, and vins dc paiUe^ of good repute. 

Good wine, mousaeux and still, 
f A white wine, which keeps long, of fine Bive 
\ and perfume. 

White wines, capable of endurance. 

Good white wines of the country. 

Generous white wines, of good body. 

{ Delicate mouaaeux and non mousseuXf of agtee^ 
able flavor. 

J Wliite, with an agreeable perfume of the 
truifie. * 

Sweet, rich, and luscious ; white. 

Red, styled de Qrenach^^ rioh and sweet. 
Sweet, vim d& luji/em\ 


Hautvillicrs, Miircuil, T>izy, Pierry, 1 
Epcniay, Taisy, Lndes, (Ihigny, v 
Yillicrs-Allerand, Guini6refl. . . . ) 
Riccy, Avircy, Bagiionx la Fosse.. .. 
Gevrey, Chassagiie, Aloxc. 

Bavigny sous Beaune, Blagn\,) 

Bantenay, ChenGve > 

Clarion, Bonviu 

Floury, RomaiiGchc. 

Chapello Guiiichay 

Chantergues, Montjuset 

Crozes, Mercurol, Gervant : 


Boyssuel, Bevantin. 

Verinay 

I’ouillac, Mmgaux, Fossae, Bt. 1 
Eatcyihe, St. Julicn, Castelncnii 1 
do Mbdoc, Canteuuc, Talence, | 

Merignac, Canon J 

Farcies, Terrasse, Campreal 

(.!npe Breton, Sousions 

Chuzelau,Tuvcl, St. Genies, Virac. > 
Ledenon, St. Lnurentdes Arbres j 

Chateauncuf 

llioeys 

Rongeot de Meursalt 

Vauuiorillon, Grises, Valmvire, \ 
Grenoiullc, Vnudesir, Boiirger- 
eau, Mont de Milieu et Chablis.. ) 

Pouilly and FuissG 

Etoile, Quiutignil 

Pujoia, Hats, Landiroa, Vireladc! 

Bt. Croix du Mont, Loupiac.. .. j 
St. Michel sous Condrieu 

Frontignan and Lunel . . .• 

Vinai de Picardan of Margeillan! 
afuj Poih*mols. Vins de Ca* > 
lai»ria, dq Mataga ............. 1 

^oquevalw, Cassis, Ciptat. Vins) 
j Cuits..., . ... . . J 


t:iiul> class.- 

• 

•French. 

riactt 

Clinractor. 

Marne 

[Rod Champagne wines of the second quality ; 

( light and agreeable. 

Aube 

Rcaemlihug the preceding. 

Cote d’Or 

Good Burgundies of the third quality. 

Youno 

Ditto. 

Saonc et Loire 
Puy dc Dome 

Drome 

Lbre 

Rhone 

Ditto. 

Not wines of note ; red. 

f Resembling red Hermitage; a little less full 
■< and tine, might be called Hermitage of the 
( thiid qimlity. 

Red wines, very middling of the class. 
Kesombliiig Cote Rotio. 

dirondo. 

fPouilluc, St. Estephe, good light red wines; 

■< Casleinuu mediocre ; the otlicr growths 
( agreeable. 

Dordogne 

Landes 

Gard 

Vaucluse 
, Aube 

COLo d’Qr 

Resembling St, Emilion ; keeping well. 

Red ; light colored, W'ith a harsh taste. 

[ Red wines, grown on the banks of the Rhone ; 

\ will not keep good nmre than six years. 

Good red wines ; kec]) well. 

Champagne ; light and agreeable, white. , 
’Toler^le wine ; not exported. 

Yonuo 

/ In considerable esteem in Paris as wiuos of the 
\ table. They are all white. 

Saone et Loire 
Jura 

Much the same as the preceding. 

White. 

Gironde 

White; of middling quality. 

Loire 

He fault 

It 

Bonches du Rhone 

White ; consumed in the counli^. 
j Second growths of those famous dud’ rich white 
( wines.* 

t Rich hiaciotts sweet wines, pmpdred In the 
department of Herault, and yeiy Httle ex- 
i ported ; also muscadines., 
f Rich sweet wines, boiled wines, nnd malmseys, 

\ of good quality. 




WINE Vameties. 


SECOND AND THIRD CLASSES.— OMWAit. 


ANl^ Mi>SKU<K. 


Johatinbborg;er . 
Bltilnhiirger. . . . 


Efidesheimor 


Lattlienheimcr . . 

Kwistorich 

Niersteiuer 

Oestriclier 

JiiebfraneriTiiilLli . 
Zoriibcimcr 


Mocliliciioer. 


Gracfenberger . 
f Gaubischciiner. 

Doidesheimer. . 

( )l)p(Uiheimor . . 
Jlrtdcnheimer. , . 
Nttckeuheimcr. 


Brauonbergcr . . . . . 

Scharzberger 

j Gmacb 

Zetlingen 

Woblon 

I’iosport 

MonlagiKs Van 

Cttusel tiiid Vuldrach. 

liinsport 

Bacbarach 

Ucc.bfjrbm'li 

Walporzliuiincr 

Uiitz 

Htcog 

Monizingcu 

iJiKicndorf 

AdVnbourg Ilaiiien, . , 

Strang 

lOJzeubiirgiM 

AlzenbnrgcT 

]-ntz 

Maas and llulin. 

Stiigerboeg 

Engcholie 

Nciderliorg 

liieinonbnrn 

liangort 

llokenbech 

Uonsbargor 

Wurzgarten. . . . 


Kothenbergcr, 
Scliarlach 


Koiiigsbaoh 

AVeinbcini 

Forst 

lUjgsteiii 

Sdiiersteiu and Narclen 

Kpstein 

PmUipsccli 

lioicbenbcrgcr and Wildenstdn . . 


I Fbuorbach and ].<aufeu 

t Heidelbnrger and Klciugi'ubergct- , 
I Hichenau Island 


Jobannisberg 

^ lllieingau 
llhaingan, flix 
leagnea from May- 
cnoa , fad rig Bin gen ; 
on the liill and slope 
behind the lioiiscs. 
Muyenee district 


Worms 
The lihine 

( Spire, on the I 
I Itiver Mnyn ) 

llhoingau 
f Near Mai ence, 
k the palaliuate j 


f Moselle, Troves') | 
\ ’ district j 


/MoBellc,Witlich\ 
i ennion j 
Near Mayence 
Becherbarli cunlon 
Upon the Ahr , 
On the Mii.selli; 
Near Bacharach 

It 

Near Bonn 
Near C'oblentz 
Near Neider Breisig 


Near Treiss 
Nicdar lleimbanh 
Jlhino 

On the Nahe 


Tarbacb 

Tarbcn 

(Burg, lelt banb\ 

( ot the Khine j 
Gciscnheiin 
Mt. Scharlachberg 
( Near Hothhr'im, ) 

\ ttpire district j j 


Wisbaden 
Near Frankfort 


J Near Fribourg, ") 

! \ at Badcnwciicr j 
Ikden 

Lake of Uonstance 


/ Grown near the Schloaa Johann isberger, in the 
list of tirst growths already given. 

A very fine growth. 


Lighter than Johannisbergor ; fine bonqnct 
A highly ^irizcd wine. 

Jjighter than Johannisberger, but delicate. 
Ditto. 

A good wine, with fine flavor ond bodj^ 

Ditto. 

f Ilcnoe the word hoch. The first growth is the 
jrrinui hoch wine of the importer. Light, 
agreeable — r2'08, average of spirit. Sotiio 
kinds, when new, contain aa much as ld*37, 

I according to Buatjde. 

Clioicti wine, of line flavor. 

Light, agreeable, good bouquet. 

An excellent wine. 

Ditto. 

An excellent wine, light and delicate. 

Ditto. 

Of first quality. 

Ditto. i 

Ditto. 

Ditto. • 

Ditto. 

1 >itto. I 

Second quality. 

Moselle, noted for diuretic qualities. 

Secondary Moselle. 

Wine once in high repute. 

Seeondary Moselle. 

Called wine of the Ahr. 

Oousiden^d one of the Moi-'cllc wines. 

A light Ithine w'inc. j 

Tnfeiior light Bhine wine. 

A secondary wine. 

Ditto, a lUiino wine. 

Ditto. 

Ditto. 

Ditto. 

Dirlo. 

Ditto. 

Ditto. 

C'aJled wine of the Nahe ; secondary winca. 
Ditto. 

Ditto. 

Ditto. 

Ditto. 

Secondary Moselle. 

Ditto. 


Soft, delicate, prime wine. 

Fine flavored ; rich aroma. 

IJoch of good quality. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Tolerable wines. 

Middling wines. 

Ditto, * 

Inferior llhlno wine in quality. 

These are considered the best of Badon. 

Good wines of the coWm' 

Ditto. 







WINE— —VAKIE'flES. 




SECOND AND TIUBD Cra8SES.~GBicMAN.-(C7aw<ini«ed.) 

nillNE iklSD MOftELLB. 


Meresberg and tJborIfngen 

GreUingen 

Berghauiten and Stellmgen 

Beringfield and Zeil 

Lindau and UavcnBlnirg 

Schwelnfiirt 

Liest' 

Stein 

Ln Harpe 

PiiscLorndorf and Schalheberg 

Discbofsheim 

Calmns * 

Gnben } 

Meissen \ 

Franconia ^ 

Assmannsliiiuser 

Bessinghcimer. 

Altenabr. . . . T 

Mayacliof 

llech 

Ahrweiler 

Bruch 

Creutabergcr . . ^ 

Hoenniiigcu 

Kesscliug 

Deman 

Blischert 

Neuwiod Bliachcrt 

Wangen 

Naumbourg 

The wine of Blood, Sang des Suisses 

Erlach 

Yalteliae 

Bond ry and Cortaillods 

Cully 

D6sal6s •. 

La Colo 

Bemang 

Frnngy and Monncticr 

La Manpie 1 

Coquomi]>in I 

Chiavenna 


L 


Near the Labe 
Baden 

t( 

Bavaria 


WUrtsberg 


{ Near Hanau, \ 
Frankfort J 
f TrielTenstein, 

•< near V 
( AschaHenbonrg ) 

Saxony 

Franconia 
f Rbeingau, ne ar \ 
\ Iliideshcim J 
f Laufl'en, I 
( Wirtemborg f 
f Rhine country, ) 
\ left bank j 


Lintz 

HesBe Darmstadt 
Bavaria 

Saxony 

Bale 

Berne 

{ Mode in the’) 
ValteJino j 
Neufchdtel 
/Near Lausanne, \ 
( and Vovay J 
{ Between ) 

< Lausanne and ^ 

( Coppet ) 

St. (Jail 
Geneva 

Martigny 

Grisoua 


CharAotov. 


Good wines of the country. 

Dittn. 

Ditto. 

I 

^Inferior wine. 

I * , 

Excellent wine, BKenish character. 
Ditto, of a very dear price. 

Inferior, but often sold for Stoln, 
Inferior to Stein. 

A tolerable wiue, resembling Rbcnibh. 


A vin de liqueur. 

Very poor wines. 

A vin depaillej aromatic, 

/ Equal to the second class of Burgundy ; excel*- 
lent body. 

J Well tasted, good bouquet ; calicd wdno of the 
( Neckar, 

Inferior wines. 

Ditto. 

Ditto. 

Ditto. 

Ditto, 

• Ditto. 

Ditto. • 

Ditto. • 

Ditto. 

A tolerably good wine. 

Ditto. 

Poor, though esteemed in the country, 
f Like fourth class Burgundy ; styled vina ngre 
1 leta. 

/ A good wine, called also the Uospitol and 
Cemetery of St. James. 

Remarkable for durability. 

Equal to third class Burgundy. 

Like RheuiKli. 

Dry wines. 

Tolerable of the countr}\ 

/Red and white, and muscadine of tolerable 
quality. 

Aromatic, white, from red grapes. 


SECOND AND THIRD CLASSES. 


rOBTUGirKSB. 


WlnM. 

Flioe. 

CliiiHCtcr. 

Carcavellos, or Lisbon 

BneeUas 

Vinho de Termo 

Setuval 

Lamego 

Alenquer, Mon^n 

Santorin 

Barra a Barra 

Colares 

Pfizo RegpA Abasas, Villariiihol 
des Fretrce, Gorvafins. Alvaco^a, 1 
:iO Oorgo, Hdfkiitld^^ials, Con- ( 
vellnhoi, Galafamt Wradrio... J 

/ Between CEiras ) 
\and Carcavellos / 

Near Lisbon 

Estremadura 

i« 

Near Coimbra 
Estremadura 
Near Lisbon 
Near Lavadrio 
Near Ciutra 

Mostly on the Down 

Sweet isb, white, well known in England. 

/ A fiery wine, from brandy being mixed ivith it ; 

\ something like Barsac when pure. 

A light ordinary wine of the country. 

Two kinds, dry and muscadine ; both good. 

An inferior kind of Bordeaux. 

As the former, but somewhat better in quality. 
An ordinary wine. 

A good wine. 

A light port,, of good quality, 

/ Pork wines of the Douro, of the first and second 
\ qualities, denominated Feitoria and Ramo. 







WINE ^VABIETrES. 


RECOND AND TDIKD CI.ASSES, 

ITAUAS AKD ftICILUN, 



Lacryma Chrlsti 

Syracuse 

Mascoli 

Mascoli Sciarra 

Mascoli Macchia .... 
Mascoli San Giovanni . 

Catania 

Tormina and Jb'aro .... 

Ovifeto 

Asti 

Bianillo and Aloatico . 

BischiJlato 

Procanico 

Chianti 


Naples, Mt. Vesuvius 
Sicily 
Naples 


Sicily, Mt. Etna 


Romair States 
Piedmont 
Elba 


Tuscany 


Oarmignano, Antella, Artiminio, 1 
Tizzana, Mentali, Lamporecchio, 
Monte Speiloli, I'onciua, Glogoli J 
Val di Marini 


; Ked rich muscad ine, of a fine flavor and perfome* 
Luscious red muscadine. 

Kcecnibling Burgundy. 

Ordinary wiuo. 

f The best red wines in the island, of excellent 
-< body, like the secondary lihone growths; 
( rare in the island. 

Pitchy taste, ordinary Arincii. 

Tolerably good. 

Excellent durable red wines. 

Ditto. 

Good wiuo of the second class. 

A durable wine, cx^jorts well. 

A mousaeux wine. 

A good wine. 

( Uosembling the Tiuto of Alicant in flavor and 
bouquet. 

Good wines of the country. 


Naples muscadine 

Vino Greco 

Carigliano 

Bari and Tarento 

Neggio 

Baia 

Gieraco 

Asprino 

Fundi 

Mazara 

Veterano 

Val di Mazara Coriglioni 

Termini 

(.Girgenti 

Messina, Milazzo, Avola, Vittoria 

Lipari and Rtromboli 

Imola 

Temi 

Famese 

OviOto (white) 

Monte Fiascone 


f Mt. Vesuvins 
( Lake Averno 
(Maria de Capon 


uvins 'i 
verno v 
^aponuj 


Near Eeggio 
Campagna 
Kingdom of ^Naples 


A delicate fine colored wine. 

An excellent muscmlino. 

Muscadine, flavor of fennel. 

Muscadine and common, 

Vin de liqueur. 

Good ordinary wine. 

Between light French wine and mn euit, 
A vin de mmisacux. 

Good ordinary wine. 


Of tolerable quality. 


Albauo 

Moscatello 

Aleatico 

Vino Santo 

1 Veniaccia 

Biccia 

Biiti 

! Monte Pulciano 

Montalcino, Kiracne/c, Pont-Kcole 

inul Santo Stepliano 

Vormut 

Rio 

Vino Morto 

Vino Santo 

Bollagio 

Labusca 

Pavia,. 

Monte di Briauza 

Panocebia, Vigalto, Traversetolo, 

Casola, Avola, Azano 

Val Irdone, Bottola, Pontd d’Al- 
lolio, Verdetto, Sala del Christo 

Oreta . 

Santo Pretasso, Fresoale, Oaselle, 
Lassurasco, Rugarlo, OaBtellina, 
Ralso, MaggiorA, VilU'Chiara, 

Claretto, Pazolo 

Katrera and Sapolo 

Vin Piccolit 


fNeartheLago> JA strong niuscadine, finely perfumed and 
\ Bolscna j H flavored; of gi eat strength. 


Ditto. 

Lijiari Islca Ordinary wines, and superior mTiScadlne. 

Near Bologna Pm cuit and movsseux. 

Near Spoleto Good wines. 

Near Castri Good nuiscaUine. 

Roman States Mascadinc, not durable, 
f Near the Lago> JA strong muscadine, finely perfumed and 
\ Bolscna j \ flavored; of gi eat strength. 

Roman States Ditto, excellent. 

f Vins de liqueur^ of greater or loss merit ; not 
\ bearing exportation. 

“ Gftod w^ine, but a small quantity made. 

Plain of Pisa Weak wine. 

Tuscany The most esteemed of the Tuscan muscadines. 

“ Good muscadines. 

Elba A cordial wine, prepared with wormwood, Ac. 

“ Good muscadine. 

The Veronese Deficient in spiiit and strength. 

Good red and white wines. 

Lake of Como Wines of color and spirit. 

Mantua Au agreeable wine. 

Pavia Both dry and mousaeux^ but very inferior wines. 

Milan Good flavored wines. 

I‘anna Ordinary wines of the conntry. 

Placentia Ditto. 

District of Borgp /Inferior wines, some of them vins de liqueur ^ 
Placentia / having a disagreeable taste of hp&ey. 


OrdinaTv wine, for hoQ^e ootosumpllom , 
Resembling Tokay, ' 






WINE — -Varieties. 


SECOND AND THTBO CLASSES* 

HUNaABlAN, AUSTRIAN, ANP SCLAVOXIATT, 


Tokay, Essence, and Anabruch 

Tokay, Maalas 

QyDBngyajsch 

CEdenbourg 

Meueaer 


{ T“k*y. I Sec wines of first cl«88. 

“ ^ A secondary Tokay, 

prnngary} and white, much esteemed. 

Lower ITuugary Ditto. 

District of Arad Red, much esteemed for spirit and aw*eetne88. 

4, f Like Tokay, preferred by some ; rich, aromatic, 

X sweet, not cloying. 

Upper ITungary Good red and while wines, aitd an Aushnich. 
Lower Uungary tSimilar to Q^denhourg, 

-D- I - f*A white witie of excellent quality, somewhat 
KearPrcBburg | in nromn like Tok.y. 

Near Pcstli Good wine of the country, 

I On the Daimbo, \ Resemble. Cote Botie. 

h m Sclav onia ) I 

{ Burgnndy. 

/Between Buda\ j* Resembles Languedoc, a good rod wine of the 
X and Esseh j X country. 
fNcarTransylvn-l 
bum, tho fortrcswJI 

In Sirmian Strong and sweet, of a Tcdjsolor. 

“ Wines prepared with aidccs and wormwood. 

lilenes Scarcely ditfe rent from Menoser. 

Near Tresburg Excellent wine, resembling Burgundy. 

“ Ditto. 

Near Buda ) 

In the Baunat h Burgundy and Bordeaux. 

Banuat of Taincswor Good red wine. ,11 
“ Ditto. 

Croatia White wdno. 

** Dilto; same quality. 

Transylvania Wine of the country, Aushnich, 

Scheni(’f», Dalmatia A wine highly characterized ; not fhe liqncuu 
Moldavia Green in color, and strong as brandy. 

Wallachia Liglit, rivalling Tokay. 

Ragusa Good country wine. 

Sclavonia Good red w’ino. 

,4 J Both red, and of agreeable flavor, and much 

spirit. 

I {ineritz Bohemhi]' wines, which will not keep. 

Circle of Bunziow Ditto, like Burgundy. 

» Moravia Good wines, equal to llnngariaii. 

Austria Ordinary wine. 

44 /Wines of little note, generally of a green hue, 

h and drank young. 

r Southerly, near') f A wine that will keep, though of uo extraordi- 


McncBer-Ausbruch . . 


St. Gyorgy. 
Ofen 


Gros Warden 

Schiller ■; 

Olodova, Monos, Gyordk, Paulis,. .. 

Mod(‘on 

Katsclidorf, Gmnau, Oheniusdorf. . . 

Neustoed, Zschelhaj, Kosrad 

Wersitz \ 

Jobhagy, Ktscy, Smtvcscli ) 

Weisskirohen 

Zips, Arva, Li plow 

Buokwetz 

Vinitza, Tocplitz 

Birthalinan 

Marachina 

Cotnar 

Piatra 

Gravosa 

Semlin 

Syrmia and Posega 


Mcdiiick 

Poleschowitz 

Mount Calonberg 

Hoeflein, Kloster Nowbourg, 
Unter Kntzeiidorf, Kaplenluirg, 
Misdorf, Sulnendoif, and Lich- 
toustoin 

Giberwein 


{ Mount Matra, ) 
Upper Pfiingary j 
Lower ITimgary 
District of Arad 


Upper ITungary 
Lower Uungary 

Netur Presburg 

Near Pcsth 
/ On the Danube, / 
X in Sclavonia ) 
/ Near the ancienk \ 

( capital ) 
/Between Buda) 
t and P'.Hseh J 
/ Near Trunsylva- ) 
\nia, tho fortress jT] 
In Sirmian 


Menes 

Near Presburg 

4 ( 

Near Buda 
In the Baunat 
Banuat of Taincswor 


Transylvania 
Seheni('f), Dalmatia 
Moldavia 
Wallachia 
Ragusa : 
Sclavonia 


/ Circle of Lout' \ \ 
X ineritz, Bohemia j 
Circle of Bunziow 
» Moravia 
Austria 


Spitz 

Luttenberg 

Ttadskershourg, Arnfels, Windi.sch,) 

Gonowitz, Kerchenherg / 

Sansal, Leitsehach, Pickcrne,StadLl 
berg, Pulsgaii, Sauritsch, Raen, > 
Rast, Pcitlersberg, Wiesel . . . . j 

Mootfling, Woinitz 

PVeyenthurn, Wiiuich, •Tsche-) 

remhle, Marzamin j 

i Proseco Antignana, St. Serf Trieste 
Berchotz 

St. Patponio, Petit Tokai, Bt.”) 

Thoma^dic J 

Corregliano 

I Tzeszgard 


Lower Siyria 


Carinthia 


Istria 

An Adriatic island 
( At Capo (Flfltria, ‘J 
Pirano, and y 
C Cittariova j 
Istria 

In the Tolna district 


'\ nary quality. 

Good wine. 

Good wines, red and white. 

Of the next rank to the foregoing. 

Good wines of Ihc country. 

Resembling good Italian wines. 

Ditto. 

Red and white, hparkling and well fhvoted. 
lied wine, deep colored and sweet. 


Good vvtis de liqueur, 

A good wine, consumed at Venice. 
A superior red wine. 
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WINE Varieties. 


IT 


SECOND AND THIRD CLASSEB.-Spahiah. 


WlnMI. 

^Tlaoa. 

Cboraetcr. 

VaI de Pefias 

Manzanaren 

Ciadad Boal 

Albacete 

Vino Tinto, AUcaiit 

Matare 

Torre, Beni Carlos, Santo Domingo, I 
Segorbe, Perales, Viueroz j 

Hospital. . . . . 

Garignena 

Tinto Olivencla 

Tinto di Rota, or Tiutilla 

Bibidavia 

New Castile 
Hauzanares 

New Castile 

4k 

Valentia 

Calaloni.! 

Valentia 

Arragon 

41 

Estremadura 

Andalusia 

Gnllicia 

Good body, deeper than Bordeaux in color. 

An inferior Val de Pellas. 

A tolerable red wine. 

Ditto. 

Tellowish red color, when old called Fondcllol. 

Good bodied and generous, 
f Wines of good body^ some of tlie most esteemed 
\ red growths of the country; color deep, 
j Excellent flavor and body, from the Qarnacho 

X ^rape. 

A vino tinto from the same fruit. 

Excellent red wine, the best in Spain. 

A sweet reddish cordial wine. 

An ordinary red wine. 

A very harsh austere wine. 

Dark, flavored with cherries. 

Chacoli 

Biscay 

Malaga 

(( 


Tinto di Malaga 

Seldom exported, a good wine. 

A red wine, consumed on the island. 

Aleyor. 

( Minorca, near 
\ Mount Tiuutis J 
Majorca 
Andalusia 

Old Castile 
Valladolid 

Palma 

A full-bodied wine. 

Cordova 

Mirando do Ebro 

I Good red wines of the country. 

Terra del Carapo 

Velez Malaga 

Old Castilo 
Malaga 
(1 

A luscious sweet wine. 

Malaga 

A luscious sweet wine, with a burnt ta^te. 

Pedro Ximones 

Malaga Xores 

Xercs vino seco, pt4c and biuwn. . . . 
Abocado 

1. 

it 

Xeres de la Frontera 

(4 

It 

A luscious sweet wine, fine and delicate. 
Resembling sherry, dry. 

Palo and brown slicrry, 

A second growth sherry. 

A yeHowish-whito wine. 

A sweet wine, of light amber color. 

( Used to lower the sherries at Xoros, of whidi 

X it is an inferior species. 

A sw’cct wihe, of a vcllcyw color. 

A dry wine, of good bouipiet and flavor. 

A luscious wine. 

Pft'JcaT'tte 

( IVontora and\ 

\ St. Lucar ) 

Nicbla, Andalusia 

Mogner 

NegTft Tlancio 

Rota 


Cordova 

1 

■poTja 

f Arragon and > 

SftTl di Baranift hi - 

\ Tarragona j 
Andalusia 

A light red muscadine. 

Dry white, of inferior (piality ; u vin da i^nys. 
Ditto. 

MaTizAnilla 

VSa^onge and Carlon 

41 

YnpflR 

New Castile 

A well -flavored wine. 

Puen9eral - 

II 

A vin de liqueur. 

MalmseyH of two qualities. 

( White dessert wines. Peralta is a Rancio when 
\ aged. 

A vin de 

A dry kiiKiof Rhenish. 

A wine resembling Madeira, of inferior quality. 

A green wine, not now made. 

A rich Malmsey, having a taste of the pine ajqdc. 

Sitges and the Priory 

Peralta and Tudela 

Pollentia 

Alija Flora 

Vidonia. 

Catalonia 

Navarre 

Majorca 

Minorca 

The Canaries 

Verdona 

Palma 

(I 

II 




MADEIRA AND THE 

; AZORES. 

Vluo* 

rince. 

ChnrncttT. 

Malvasia, or Malmsey 

Madeira 

Madeira 

It 

Rich end sweet. 

A durable, dry wine. 

Bercial 

It 

Ditto, of excellent quality. 

Not exported ; a good wine. 

/ A red wine, changing in twenty years to rich 

Muscatel 

41 

Tinto 

(4 

Figaa do Peroiro 

41 

'h old Madeira in color, 
j. Of interior kind to the abovo- 

Santo Antonio 

14 

Vino Pasiff^lo 

Pico^ in the Azores 

14 

A species of Malmsey, of lightqtiBlity; keeps ill. 
A dry wine, light, not durable. 

Vino Seco 


■ 


Domestic Wines. — The grape ripens too seldom 
in England to be applied with advantage to the malting 
of wine* The warmtli of September is nOt mifficicnt to 


mature the grape; though uj) tp Voine time in August, j 
and generally to ihe end Jif that month, the TOp may 
progress favorably. There are many fruits, however, 





from whicDi very palatable houslhold wines can be made, 
and from which dull wines are oontimially manufactured, 
when those more lively can be introduoed from th©_ 
produce of the orchards, gardens, and fields of Eng- 
land, The mode of making tliese wines is generally not 
well understood ; if it wer§, the wines would be much 
more. palatuble. Yeast, rasorted to for the purpose of 
fermentation, often imparts a nauseous after-taste to 
the wine, which would ferment well enough in the natural 
way. There is nothing unwholesome in these wines, 
if properly made; and to this end the wine of tlie grape, 
and its mode of management, should he clearly com- 
prehended, that its principles may be made applicable 
to domestic wine manufacture. The malic acid in the 
wines of English fruit often causes a trifling incoiivo- 
nience to Hie prim<B vi(B^ which acid may easily be exter- 
minated in making the wine. The wine of the grape 
should be the model after which all wine of the garden - 
growtli should bo fermented — general jiibiciples should 
bo first mastered. Suppose the gooseberry be taken 
as the fruit, it contains centcsimully : — I 



Unilpe. 

Rip«. 

Green coloring matter,.. 

... 0-03 .. 

— 

Sugur, 

.. o r , 2 ... 

G'2-i 

Gum, 

... 1-30 

0-78 

Albumen, 

1-07 .. 

0-87 

Malic nciil, 

.. 1-80 ... 

... 2-41 

Gitric acid, * 

... 0-12 ... 

0 30 

I /lino, 

.. ()-21 ... 

0-29 

I/ignin, with seeds, 

... 8-10 ... 

.. 8-01 

Water, 

...80-41 ... 

.. 81-10 


100-00 

100 00 


The above arc all the requisites for making wine, 
and some that are to bo disi)on8cd with; a defieieney 
in tartar is often noticed, but this can be supplied artiti- 
eially. The excess of malic acid, on the other hand, 
is injurious; but as in making white wines in the South 
of Spain, this ac’id is got rid of by sprinkling j)Owdered 
gypsum over Iho grapes, which takes it up, iho same 
means should bo adopto<l when rnakiug domestic wIijCs 
in England. 

Sugar is the first constituent in wine-making, and as 
it does not abound in some garden-fruits in England, 
it must be added. Cane-sugar, it has been seen, dilleiB 
from grape-sugar in its proportional parts, but it is con- 
verted into grape-sugar by the process of fermentation. 
It is a sugar which goes slower into fermentation than 
that of the grape, and the alcohol in the wine always 
bears a proportion to the pre-existent sugar. Tliis 
sugar uniformly contains a portion of a vegetal ox- 
Iractiv© matter, unless it is separated from it by art. 
The natural spgar of some plants also contains, some 
more, others less, of this sweet vegetal matter. If there 
is much of it in tiio sugar, the wine will be dry and 
perfect, because nil the sugar will have been changed 
into alcohol. The mucilage, or vegetal extractive 
matter, like the gluten of wheat or albumen, contains 
azote, the fas of which has been noticed in gra]^ 
wine making. This matter, found too in yeast, thus 
nets in exciting fermentation. Most garden fruits possess 
it ; and U is HHs sweet principle combined with that in 
sugar, whtdh operates the jCiRpycrsion with other wine, as 
with the grape*. Wafef fe f^nother constituent. As to 


the other substances, except tartar^ they rather concern 
the curious in chemistry than the maker of family wines, 
for some can only be detected by tlio clow? scrutiny of 
the experienced chemist. Little color can bo communi- 
cated to any of our domestic whies, if tlie elderberry, cur- 
rant, blackberry, and black clierry be excepted; but this 
is a matter of little moment in tliat which should rather 
be adopted to please the palate than the eye. If asirin- 
gency or roughness be in request, that loss may bo 
innocently supplied by the application of catechu. The 
damson and b 1<^ alone possess it naturally. 

The substances necessary to vinous fermentalaon, 
the sugar and its sweet principle, the natural vegetal 
extract, the tartaric acid — in place of which latter the 
malic acid is often found, which should he dispensed 
with, and tartar added artificially — and water; these 
in certain preparations, and in their dilTerences, are the 
essentials in this class of wines. • Sugar is the most 
important, and its decomposition gives out the alcohol, 
on which the strength of the wine depends ; therefore 
its quality is of great importance. When the sweet 
I>rinciple and sugar — for they are in union — have dis- 
.appeured in fin mentation, and there is no more vegetal 
extractive matter belonging to the fniit in the liquid, 
tho wine is a dry wine, and is in its perfect state. 
If the sugar be in excess, the result is wine and sugar ; 
vulgarly, a sweet wine. If the vegetal extract be in 
excess, and the fcrmeiitation^too prolonged, acetic acid 
will bo the product. * 

Tho want of attention to tho foregoing points often ren- 
ders the making of dry wines a failure. No yeast should 
ever be used. If the vegetal extractive matter he 
wanting, tho lees of other wine may be tried ; but this 
is seldom needful, with,, due core. During fermenta- 
tion the leaven or ferment is insoluble, and rises to the 
surface, or falls to the bottom. On restoring this to 
tho surface, the ftjrmeutation may bo prolonged at 
pleasure, until tlio necessary dryness be gained. To 
attain a sweet wine, the fermentation should bo stayed 
by sojiarating the wine from the fi*rment, and fining it 
with isinglass or white of egg. 'J’lius tlio ferment is 
separated, and the operation suspended; it may he 
renewed b}’’ restoring the separated matter ; if not, a 
sweet wine remains. It cannot run into acetous fer- 
niontation if its leaven be expended ; but still there is 
hazard, and some care necessary, in thus renewiiig tho 
operation. 

Of ilieso acids, somotimoB found in fruits — the 
tartaric, malic, and oxalic — only the first two have any 
share in the fermentation. Tartar abounds in the grape, 
and to that its superiority is ascribed. It is wanting in 
our domestic fruits, or very scantily bestowed. Malic 
acid is predominant in apples and pears, and they give 
licpiors very dillercnt from wine. Crude tartar ia best 
added to the must for domestic wines, not the purified 
salt. 

Care should be taken not to carry on fermentation 
in new wooden vessels, nor to place ‘wine in them 
without due preparation. The vegetal extract in tho 
wood will infallibly Bet the fluid in fermentation, as is 
well known to the French wine-grower. 

The end of the fermentation is the xirodnction of the 
alcohol; and the chemical action involved is well 
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tmderatood, although the primary force of the ferment 
is not; nor can it be, so well comprehended, lii this 
respect Nature ehjdee tho efforts of the chemist and 
physiologist to define correctly her workingSj or sub- 
mit a true definition of tho affinities which are con- 
tinually set in motion by natural force. As regards 
fermentation, it is true tliat only tlie salient points of 
the chemical changes are understood, but they are 
sufficient to govern the industry of the fermentation of 
liquids of every kind, provided all that chemistry has 
revealed be known to tho operator. In domestic 
wines no just rule has been regarded. Most of the 
directions are based upon false pnnciplos, and display 
extraordinary ignorance, according to l)r. M‘CuLLOcn, 
who has written so well upon the subject; and if 
not clear to tlte family makers of such wines, and too 
scientific for tho common coiicocters of them, his work 
still is not the less worthy because the stolid do not 
perceive its merits. 

Brandk made analyses of the strength of some of 
the domestic wines, which are appended. Ti»o alco- 
holic strength was pot cent, at eighty- nine alcohol and 
eleven water. 


wind*. 

Per cent. 


Per cent 

Grflpo, 

.18-11 ... 

Orange, 

. 1 1 -26 

KaiHii), 

2G-40 . . 

Kldei- 

, R-79 

Do 

.25 27 .. 

Mead, 

. 7*32 

Do 

.23-20 . 

Cider, . , 

9-87 

Do. average, . 

... 

Do 

. 5-2! 

Currant, 

.20 55 

• Do. average, , 

. 7-.H 

(ioosuborry,.^. . 

.11-84 .... 

Perry, average, 

.. 7-26 


Before going into tho practical part of the subject, 
the warning against tho use of yeast must be repeated. 
Tt is a vile substance when in contact with anything 
vinous, imparting a base flavor, and is to be altogether 
shunned. The regulation of the temperature, too, is 
to be sedulously regarded, that the furmentative pro- 
cess may not proceed too rajudly. The bulk of the 
must to be fermented, and its exact quality must be 
well considered; tho addition of flavoring substances, and 
finally, tho proper vessels adopted for the difiereiit 
operations. 

The fruits most commonly employed for making 
domestic wines are the ehlerberry, clierry, raspbeny, 
sloe, damson, quince, strawberry, mulberry, gooseberry, 
lemon, orange, and two or three kinds of currants. Of 
, these several do not retain their flavor, and are to be 
rejected on that account. The flavor of the strawberry 
is not oomnmriicated to the wine, nor of the quince 
or raspberry, ^'hose might be infused to advantage 
nearly at the close of the forraentalion of some taste- 
less must, and thus their flavor be sustained in the wine. 
The blackberry and mulberry should, as in the instance 
of grape-wine, be allowed to go into fermentation, skins 
and all, for tlie sake of the color, Tho damson and 
sloe make a good rough wine, but care must l>o taken 
I to proportion tho sugar to the fruit as to quantity, and 
I by protracting tho fennentation, to make a dry wine. 
By a due admixture of elderberries or Currants with 
sloes and damsons, wines like inferior ports are often 
easily produced, 1’ho proportions vary according to 
the season. The elderberry may be made to yield an 
oxcojlent redjvino. It possesses enough of the exi rac- 
t^ye principle to impart a very rich tint, and even a 
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fine deep color. Tartar should be introduced into the 
must ; and^ besides, this berry requires much sugar, aS 
tho saccharine principle is scanty. 

The gooseberry is known as giving a species of 
champagne to the list of domestic wines, which are 
made to effervesce ; but, in order to answer, tho goose- 
berries are used in an unripe state. The effervescing 
property always results from the use of unripe fruit, 
and will be readily produced by mixing ripe and unripe 
grapes together; and it is the some with the goose- 
berry. In general the flavor is bad, and to avoid it, 
as it is imparted by the ripe fruit, tho more unripe 
should he prepared. This wine should be made witli 
the expressed juice of the fruit alone, and nothing else 
should lie fermented, the skins not being suffered in the 
must. By this means any disagreeable or peculiar 
taste is avoided, and the wine, if nearly tasteless, is 
brisk, pleasiint, and perfectly free from any bad flavor. 

To make Ibis wine, three pounds of sugar, and four 
of fruit, are allowed to eight pounds of water. Five 
pounds of fruit would lie better, to avoid sweetness, 
though in complete fermentation; the wine would 
then be amply strong. No brandy should be added to 
ofloiTcscing wines. Care should be taken in bottling, 
and the same attention bestowed upon genuine cluiiii- 
pagno should be bestowed on this imitation wine, which | 
will readily repay the extra trouble. This wine arrives j 
at perfection only in the cellar. Wine made from 1 
ripe gooseberries is good for little; but if attempted, j 
the skins must bo carefully excluded. 

In Qucli wines too little fruit in proportion is used. 

In currant wines the fruit is always stinted, there being 
sufficient extractive matter and natural acid to insure, 
if rightly arranged, a very perfect fermentation. These 
wines are made too sweet, and pall upon the palate. 
The proportion adopted is in all cases to he increascMl 
as regards the fruit, and the skins to lie excluded from i 
tho must. The recipes, so manifold, handed about for 
domestic wines, continuiilly show that the true principles 
of making such wines are not recognized, although 
laid down so lucidly ly Dr. M'Cullocii. British chain* 
jiagne is directed to be made by crushing the fruit with 
a mallet, and a gallon of fruit is to be put to a gallon 
of water ; tiien brandy is added, and sugar of the species 
often to be avoided; and brandy is added again in 
bottling. McCulloch recommends boiling the fruit, 
in some cases, previous to fermentation. The black 
currant acquires, by bofliTtg, an agreeable flavor. The 
success of the plan is remarkable ; the more so as, in 
its natural state and unboiled, it is harsh. The wine 
made from it much resembles sweet Cape wine. The 
same improvement takes place in regard to Ibe red and 
white currant. The boiling should not be protracted. 

It is always best to boil about a third of the quantity 
used, and to aj)ply the rest in tljo natural state. The 
boiling must not be continued too long, because it tends 
to precipitate the ferment. 

The dried raisin is largely need in making domefiltic 
wines; and it naturally must be analogous m ’Ipne 
respect to certain foreign -wines, b^ause for making 
them tlic grapes are not used s^e tSirivelled 

in the sun. Thick, sweet ate made this 

way. I'he process adoptea }ii making taidn^wihe in 
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England has not shown any itiiiproach, with the same 
materials, to the wines made of dry raisins, or such as 
are called straw wines^ or some of those of Malaga. 
In the mode actually adopted here, whether for domestic 
use, or for the deceptive objects of wine-dealers to 
mingle with foreign wines, from two to seven pounds 
of raisins are employed to .a gallon of water, common 
clayed sugar or molasses from half a pound to three or 
four pounds, and oftentimes from four to six pounds of 
tartar in the crude state are added. Yeast is not used ; 
still the wine is never well-tasted, and to obviate that, 
as the bad taste may arise from tbe skins, cold water 
is used. It is necessary to apportion the sugar to tliC 
tartar. From two to four per cent, of crude tartar is a 
Bufiiciont add ition, giving more when the fruit is sweetest. 
In regard to the sugar, two pounds to llio gallon of the 
other iugredionts will produce a light wnne like the white 
wine of Bordeaux. Three pounds will give the body 
of hermitage, and four that of Muscat or of Capo 
Madeira, before ibeir rcs))ective doses of brandy were 
added to them. The sugar added must bo apportioned 
to the quantity in tlio fruit. If the wine is to be a 
sweet wine, not loss than four pounds to the gallon 
must be URod. 'i'he water addt'd must not be out of 1 
all j)roportiou tp tbe fruit-T-wliioli last rarely forms a 
fourth of tlio entire lluid — aiid four j>ounds to eight of 
water, and three or four of sugar, Ruj)poRing no regard 
is had to the state of tbe fruit iu respect to its ripeness. 
The vegetal extractive matter in such a case is dell- 
cii'iit, as well us the native acid, and this acts injuri- 
ously upon the fornuaitation, and renders it incflicient ; 
the must, consisting <jf an overi>lus of sugar and water, 
cannot tluis form wine. Lot tlio principle wanted be 
increased, and the wine will put on the true character 
— the dilution of the acid, if the fruit be ripe ; and if it 
bo unripe, then the acid and extract being iu excess, 
tlie operation must fail of fulHlling expectation. 

Flavor may be easily imparted to all those wines 
which waul it. Eldortlowcrs, mignonette, clove j»iiiks, 
for example— or sweet briar, wormwood, ginger, cloves, 
orris, and the like — will impart, either of them, or 
perhaps some in combination, a Havor agreeable to the 
taste of tlie maker. They are suspended in a bag 
from the bimghole during the first stage of fermontation. 
To please the eye, clderbcrnea, or mulberwes, will 
supply color, or what the French call vin dc fames — a 
color liquor, made near Khoims of a small bitter cherry 
used for the same purpose, a few drops being sufficient 
to color a bottle. In Holland, tommsel is used (or the 
same purpose — the crotum tinctorium of Linnoaus. It 
is naturally of a blue color, but on coining into contact 
with an acid it immediately takes a red hue. In 
Franco it is said that color derived from woods, as Brazil 
or logwood, do not long resist the acid of the wines; and, 
therefore, tliey find it better to darken the light hue 
of wines by mingling deep-colored wine with tiiem. 
This, however, need not deter from ttie use of such 
meauB to suit the eye in domestic wines of English 
Bitterness may be obtained by the use Of burnt 
sugar, as well as yellow tints. Cognac brandy for the 
English market ia thus colored in France, where the 
people use the pulibi spirit 

All vinous operations require gieat care and sound 
VOL. ri. ' , 


judgment In fining home-made wines, the same 
management is tiocessary as in treating the grape- juice 
with ft similar object Tlie imitation wines made in 
the household must first be considered in regard to tlie 
model immediately m view. If the object bo a sweet 
wine, of which the fermentation is incomplete from tbe 
want of sugar in tbe must, or if its suspension be by 
design as before described, tbe operation to be followed 
is clear. 

If the wine be designed to sparkle or eflervesce, the 
cause and mode of acting has been shown ; and that 
briskness is not much in accordance with Fwcetnesa. 
Though generally made of tbe gooseberry, any other 
fruit in a proper state of immaturity will answer as 
well. The use of carbonate of potassa or soda must 
bo avoided, because the gas is almost all disengaged in 
the first glass on pouring out, before the wine can bo 
drunk, nor has it anything like the effect of carbonic 
acid gas in the wine. It also deteriorates the taste, and 
destroys the native acid, replacing' it with an alkali. 

TJio lilionish' wines have never been sijcceBsfuyy 
imitated, and for the paramount reason, that their con- 
stituent parts are so accurately balanced tliat they 
would require great judgment, and mmffi care, in tlic 
jirocess ; the fermentation must be perfect, and exact , 
proportions be carefully kept in the ingredients. Even 
tlicn their preservation would require gi’oat attention. 
Filling, racking, and sulpliuring, must be had recourse 
to by bands often not tidepls in their uso. The dry 
wines of some strength, imitative of Rhoiry and 
Jiiadeira, may bo made strong enough without the 
addition of brandy, which, however, may be added to 
tbcin by the operator, if he sees it requisite. 

Dr. M^CuLLot’ii recommended that wine should be 
made from grapes grown in Plngland. The grapes : 
may not ripen in some years, and in an agricultural 
view it is profitless ; but wino is continually made by 
cottagers in Sussex from tlie grapes grown in front of 
their houses, and some species ripen a full monlli before 
others. The wJiito muscadine, the two varieties of the 
chasselas, the black Hamburg, and others, are of tliis 
class. But to make domestic wine from the grape in 
England, does not demand that tho grape should roach 
the maturit}^ required for its wines, as tho term is 
generally understood. A crop of grapes is certain, if 
not always a ripe crop. A compound artificial must 
can be made from the admixture of sugar with tbe 
extractive -and other matter of the fruit, which, under- 
going a regular fermentation, forms a perfect avino, as 
applicable to the grape as the gooseberry. The expe- 
riment has been tried and found successful, and domestic 
wines made this way declared excellent. Three pounds, 
or less, of sugar to tlie gallon, with the hardiest grapes, 
produce a wine of tho strength of red hermitage, not void 
of flavor, but the reverse. Dr. M'CuLLOCH mentions 
the praportions be found needful, both of sugar, water, 
and otlier substances necessary for the purpose. He 
kept some of the wmes twenty years, and found them 
as little liable to destruction as the wines of France. 

The want of judgment, the haste, the non-compro- 
hension of tbe chemical principles upon which wine is 
made from domestic fruits, the want sometimes of a j 
clean palate on the |uirt of the maker, and the ahan- ' 

7f i 


I 



1H6 WINE British. 


donmont of a nice oporatioo to tbo hands of sorvants 
and old housewives, have caused great mistakes in the 
manipulation of these wines. Pry wines of the first 
quality do not require that maturity of the grape which 
is so necessary to those which are sweet. In the first 
case sugar can ho added ; but the customary notion of 
the ignorant in this, as in other oases, often pruvails, 

^ , and the neglect of the green grape for the green 

1 1 1 gooseberry is a striking proof of it. Nor is this all ; 

I I ! for it has been proved by chemical examination, tliat 

I 1 1 the tendrils, shoots, and oven the leaVes of the vine 

themselves, possess exactly the same qualities as the 
crude fruit. Experiments were in consequence insti- 
tuted in Franco, to try if they would not answer for tlie 
puipose, and tliey were satisfactory ; but there, wdiero 
the fruit was to be had in any state, the matter naturally 
1 terminated; while in England it was dilTorent. Tho 

auccesH of tho attempt was decisive, on adopting tliu 
managemont had recourso to in treating wine from 
other unripe fruit. Only young or half-greon vine leaves 
j a|;e selected, together wdih tho tendrils. The old 

‘ leaves are nut pro])er. Tho month of Juno is the 

I right season to pluck them. TIac vines for the pur}>oso 

may be planted an^^ where, and sudered to' run up 
I nnpruned. Close imitations of tlio sparkling wines 
j of Chanjpagiio and of St. 1^3ray havo boon made 
1 1 tills way, and nouo were made that wore not as good 
I 1 1 as the ordinary sweet wlilos of the Cape. If the wine 
j I is too sweet from want of thb vegetable extract in u 

I I sullicient quantity, a fresli infusion will reinstate the 

I j fermentation. The wine of a defective year in good- 

1 ness, may be renewed tlio next season. Tho loaves 

I should be infused sometime before they aro used, 

j yielding their virtues rnonj readily to hot tluiu cohl 

I i >vater without any material dillerciico in tJie result. 

I 1 1 Half a pound of crude tartar, or more, within a pound, 
j * I to two gallons of must, is useful. Tho exponso of 
j I the sugar here is nearly tlio whole incurred, and a 
! ' single vine will supply a family, as tho leaves arc 

1 successive. 

j j A few specitic directions iiudor the scientific authority 
I I before inentiunod : — The cask measure being supposed 
I j ; ten gallons, will illusUate tlie foregoing principles ; 

I 1 1 those adapted to tho lands of tho vine being kept in 
I : I view as guides, where any difliculty may occur. In a 
^ 1 1 tub or vat carefully cleaned, that has a capacity for 

j I tifteeu or twenty gallons, forty pounds of tho goose- 
I I berry of tho green Bath kind aro introduced, avoiding 
! any that are ripe, Keject the unsound, and remove 
tho blossom and fruit-stalk, or their remains. The 
sniali berries may be separated by a sieve. The fruit is 
to be bruised into the vat by a pressiu'o sufficient to 
I break the skins, without fracturing the seeds or com- 
I proHsing it too much. Four gallons of water are then 
1 poxu’cd in upon tho fruit, and tho whole is carchilly 
stirred and compressed with tho. liaiid, until tlic 
juice and pulp ai’e eoporatod from tho solid matter. 
TJiOf* matorials must rest for ton or twenty-four hours, 
and then be struinod through a coarse bag with as much 
forcjo aa oan bo easily applied. A galea of fresh 
water is to be added to the mash, to remove any 
soluble matter remaining. From, twenty-five to thirty 
pounds of white sugar are to be dissolved in the must 


or juice thus obtained, and. the mass of fluid increased 
by more water to ten gallons and a-lialf. This diflbr- 
enco in tlio weight of the sugar is to balance any in 
tho quality of the Iruit, the discovery of winch dtBferenco 
must depend upon tho judgment of the operator. 
Old haphazard receipts gave forty pounds of sugar, 
which of course make a sweet wine, continually failing 
in effervoscence on tlxat aceornd. The must is next 
to be placed in a tub or vat, over wdiicb a blanket is 
thrown, and a board over lliat, and the whole kept 
in a temperature between 55° and 00°, to remain 
from twelve to twenty-four hours, according to the state 
of the fermentative process. It is then to bo drawn 
off into a cask until tlie fluid nearly roaches tlio bung- 
hole, BO that die scum which ascends to tho surface 
may overflow, and ]>e thrown out. As tlie fermentation 
goes on, and the hulk of the liquid diminishes in the 
cask, the superfluous must made for that purpose must 
be poiire<l in, so as to keep the licpiid always near tlio 
bung-hole. When the formcntatioii diminishes still 
mure, which may be judged of by the reduction ol 
the iiissing sound, the bung is driven in, and a hole 
bored on one side of it, into which a wooden peg is 
put, and in a day or two taken out, in order that tho 
gas witliin nuiy havo vent, it is then restored and 
reopened to let tlie gas again escape, until, there being 
no longer any danger from the expansion, it is tighloned 
for good. The wine is to be kept over tlio next winter 
season, in a cool cellar, and on a clear shar}) day about 
the beginning of March, if fine, it is bottled; if not 
fine, or to insure its fineness, if doubti'd, at tho end 
of December it is decauted into a frosh clean cask, 
to free it from the lees, which, if tlic wine he too 
sweet, instead of drawing it off, should then be stirred 
uj) in it, increasing tlie temperature to renew the 
fenneutatiou. When drawn off, it is liiunl with isin- 
glass; and if not clear, the operatio.n is repeated in dry, 
clear, cold weather as before, inid bottled in March, and 
not later. Such a wine is brisk like champagne, and 
similar in quality, but stronger, ditlering in little but 
tho flavor. Soniotimes tho wine wdll bo still, like 
sillcry, or sweet, without close attention to the process; 
at other times it will be dry. If sweet and still, it may 
bo roirianufactured tho next season by renewing the 
fermentation, and repeating, under the addition of fresh 
juice or must, the former treatment. If it bo dry, it 
remains so, and may be drawn off into a sulphured 
cask, and then fined and bottled. Any peculiar and 
not agreeable taste, during the first year, will go off* by 
age. Such wines are best when drunk at five or six 
years old. In making the foregoing .wine, tlio mode in 
managing grape-wine — forraonting the husks or skins 
as well as tlie juice with Axe sugar — may, on the other 
hand, be adapted in Aio earlier stage of the operation. 
The rapidity of Are fermeutaAon in this way is much 
increased ; the wine, stronger and less sweet, will gain 
more flavor. Crude tartar, Ip tho extent of six ounces 
to the ton gallons, is sometimes added. Sweetness with 
briskness, Ajough the latter quality is hazarded, may be 
had by using sugar to a greater extent under forty 
pounds. Brisk domestic wines are. not durable nor 
strong, and must be drank very early frpm wa»t (rf the 
capacity for keeping, withput sweetness 
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is obtained by increasing the fruit, as in the proportion 
of fifty pounds of fruit to thirty of sugar. 

The wine made from iinripo currants, under the same 
general process as the former, requires that the stalks 
be separated with care. The must of this fruit is 
much -efusior to manage than that of the gooseberry, 
and it is far better calculated for brisk wnne, and less 
likely to carry a bad flavor. 

Notliing but tbo pure must is introduced into tho 
cask— not a particle of the mash. If, in the fermenting 
in the vat, the scum, crest, or head, called the chapeau 
by th(j French, be tainted with sourness or mustiness, 
it must be at once removed ; and when tho fermentation 
of the mash docs not take place with the must, the lat- 
ter may be at once introduced into tlio cask. 

Mature gooseberries and cuiTants are made to produce 
dry and sweet wines by tlie foregoing modes. In sweet 
wines t ))0 fruit should not bo above forty pounds ; if in 
dry, it should bo carried to sixty. The sugar sliould be 
full thirty pounds, unless a strong wine is desired, wlion 
forty pounds must be employed. 

Wines from elderberries are made willi the san>c 
proportions of ingredients as tho former kinds, and in 
the same manner. If boiled fruit is taken — an opera- 
tion which relates almost wholly to the black cniTant — 
Ilje fruit must only bo .brought to the boiling point 
of tlio water, and the burning of it at tbo bottom of 
the vessel must, bo guarded against. Wine from tho 
mature grape in this country it is not woidi while to 
manufacture, as too few gra])es riptm to make it any 
other than an object, of curujsity, and the mode of 
treatment of lliem, desetibed in tho prceeding pages, 
cojitains all tliat is necessary iqion the subject. 

Jt is probably duo to M‘CunLOC[i that it was ever 
known that domestic wines could bo made from imma- 
ttire grapes, vine ten<ltils, the young leaves, and the 
thinnings of the branches in places where vines are 
grown under shelter, in different stages towards matu- 
rity, no matter bow different in species. No part of 
the vino need be feared as communicating a bad flavor. 
If the immature grapes bo tlioso grown in the ojjen air, 
they should he taken just at their first tendency to 
ri])en. The proportions and treatment are similar to 
those recommended for the gooseberry, but the husks 
may always be fermented in the vat with the must. 
Except in not breaking the seeds, no care need be 
taken about not bruising tho fruit. The fermentation 
will be slow; but no obnoxious yeast is to be em- 
ployed. Patience is necessary, but the operation will 
not ultimately be loss ofiectual. Elevation of the tem- 
perature will excite it, if languid ; as will also agitation 
of the cask, or omitting to replenish the fluid at the 
bung, so that the scum may remain upon tho liquor. 

The wine made from tlio young leaves, tendrils, and 
even young shoots, may be taken at any period from 
vines cultivated for this object, from which fiuit is 
not expected. If the claret vine— ClaircUe rouge de 
VHerault—h^ cultivated for tho purpose, tho wine will 
he of a red color. Tlio leaves should bo young, and 
sixty or eighty pounds should be introduced into a vat. 
Id the vicinity of a large town they should be first 
wasliedj to clear them of sooty particles from the impure- 
atmosphere. Seven er eight gallons of boiling water 


should then be poured upon them, and loft to infuse for 
twenty-four hours. Tho water being poured off, the 
loaves ore pressed in a press of oonsidcrablo power, 
washed with an additional gallon of water, and again 
pressed. Sugar, from twenty-five to tliirly pounds, is j 
tlien to be added to the mixed liquors, and the whole ; 
made up to ton gallons and a half, whon the same pro- 1 
cess is to be puisued as in tho case of goosoberiy^ wine. ! 

Tho water soon cools down to tlio usual temporaturo, | 
it being used hot in order more efibctually to extract i 
the soluble part of tho plant or fruit. Tlieso pfopor- j 
tions are for brisk wines, which, if mismanaged, will fail j 
of due effect. In the case of sweet wines of the same | 
substances, from tliirty-five to forty pounds of sugar i j 
must be used. As soon as tlie first formontation has j 
subsided, the wine is racked into a sulplmrod cask and , 
fined. If it tend to a renewal ol the fermentation, it I 
must bo racked and fined again, and even a third time. 

Wlien perfected, tho wine may remain in tho cask ns | 
Jong as is desired. For dry wines the proportion ot , 
fj'uit to tlie sugar m to be the largest of all, Tlie bung | 
must bo loft open, and tlie fenncntiition, if sluggish, j 
must be increased by heat and Jigitation. Jf the wine I j 

continues loo sweet, it may bo bunged down until tho 1 1 I 

next spring witliout fining, and .then the fermentation , j | 
must be renewed by adding fresh must. As soon as it ^ ' j 
has bceomc suflieiontly dr}'*, it must be fined intn a sul- j I j 
plmred cask, and again fined T)cforc bottling. Tho dry jj i 
and sweet wines of tliiB*klnd should be kept five years | j j 
1.0 be in their highest perfeelion. The brisk wines are i i 
drank after being six months in bottle, and are good to 
Ibcir third year. If they lose their briskness, they ^ j 

become dry, something like the Mo.scllo or Uhine, and ! I 

will keep indofiiiitoly. ' j 

Wines, if they can so called, are also made of dried j ' 

substances, as ginger. They are composed of sugar and j 1 

water, fcimentcd with yeast and flavored wdtli ginger. i | 

Those are ratJier drinks than ivino. The last are made [ 

hy fermenting substances which possess little or none I 

of their own oxtruclivo vegolal matter. Three pounds i 
of moist sugar, a gallon of water to two ounces of 1 1 
bruised ginger are boiled, skimmed, and set to ferment j I 
with a yeast toast, flavored with a lemon to each gallon, j 
or a little balm, and then bunged up. In about two 
months it is fit for drinking, having been fined with 
isinglass. 

Mead, a very ancient domestic wine of honey, is made 
with sixty gallons of pure soft winter, and seven gallons 
and a half of clarified honey, of which mcllitosc— see 
Sugar, Vol. II. p. flCO— is tho sw^ct principle. In a 
eoxiper of thirty gallons capacity, having mixed tlie j 
honey and water, boil it down to one-fourtli, then let it | 
ofl-’, and boil the other moiety in tlie same manner; and i 
wlieri tlius reduced fill up the copper with what was " ! 
boiled first, and continue ebullition and filling up until | 
tlio copper will contain half the liquor, all tho rest 
having evaporated. Tho liquor must not be skimmed, 
but the scum must be well mingled with tlie liquor 
while Bcotbing, hy means of a jet. Wlien this is i 
done it is drawn off into imdcr-backs by a tap in tho ^ 
copper, and tho fluid faUs to tho temperature of new i 
milk, Tlien it is turned up and fermented in tho 
vessel, where it fonns “a thick head. When it has 
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ceased to ferment it is closed from the air, and bottled 
at the end of six months, having been well worked and 
kept in the same cellar temperature as it had before. 
Aromatic flavors are often added by mixing elder or 
rosemary, marjoram flowers, and the like; or cinnamon, 

I cloves, or other spices, duriiig the process. 

Raisin wine was matiu factored light and dry in Eng- 
land of a superior kind, by Mr. Aiktn, secretary to the 
Society of Arts in 1820., I)r. McCulloch censured the 
mode in which it is generally attempted to be made, 
and noticed the failure which is naturally to be expected 
from the use of molasses, coarse sugar, and the nauHC(ms 
yeast of beer, which can never bo rendered vinous, 
lie would have die native acid neutralized, and with all 
domestic wines use crude tartar. Mr. Aikim’s wine was 
produced from Muscatel raisins, Those, it is obvious, 
being sweet and dry, were not very diflermt from 
some of the shrivelled and dried-np gi*apcs witli wliicli 
wines are made in the South of Euroj:) 0 , as in the 
example of straw wines, for which the gra]>cs arc kei>t 
on tlie vine till shrivelled, and then fin-thcr tliiod upon 
straw, giving a thick must, scanty in proportion to the 
produce, in a state of the grape so over-mature. Mus- 
catel raisins are imported in boxes of twenty pounds 
weight. Tlic fruit kept in the warehouse or shop 
unsold for above a year, is less approved by purcimsois 
than when now, the ricl^ pulp becoming mixed with 
the saccharine concretions, ^ho extractive matter or 
gluten in the raisin is more lliari siifilcicnt to ferment 
its sugar, and only from one-tenth to a tliird of the 
weight of tile raisins is added. Cane sugar should Ixi 
avoided in the unrefined state ; if used it should be loaf. 
Sugar from honey or starch would he Lest, as unrefined 
sugar of the cane taints the wine. The raisins, without 
the sterns, are chopped line on a board, in the mode 
adopted with minced meat. Thrive pounds of raisins 
and one pound of sugar, were used to an ale gallon of 
water. The next process is mashing or maceration. If 
the former mode is adopted, the chopjjcd raisins arc 
placed in a tub, and hot water, a quart to four pounds of 
fruit, poured over them — the water not heated above 
120“ — to cxti’aet the mucilage. The whole is then 
stirred with the hand, no lumps being left, and placed 
in a sieve over a tub a short time to drain ; lliis operation 
is repealed a second time throughout. The clamminess 
of the mass is by this extracted. The water for a third 
mash is poured on at 160'\ The li(pior now begins to 
ho acidulous, with little sweetness. Tliree-fourths of 
I the raasli being made and tasted, to discover if it be 
sufiiciently asti’ingent, tlio stems or stalks, in part or all, 
are used, according as more or less astiingency is 
intended. Hot water is poured upon the must, and the 
whole is well pressed by the hand. The throe flrst 
mashes arc now throwui into the tim, and the sugar, with 
as much of the last mash as will bring the must to its due 
proportion of one ale gallon to three pounds of fruit and 
one of sugar. The operation so far requires four or 
five hours; the temperature of tlie must is about 70“. 
The liquor soon ferments according to the atmosjjheric 
temperature and its treatment, but generally within 
thiity-six hours. The scum is either duly rcmoveil, 
or suffered to remain till the witve is drawn off. If 
the fermontation is languid, the cover is kept on the tun 
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and the scum stirred into the liquor ; if too rapid, the 
cover is taken off and the scum removed as it rises. 
Tho must is tlius become vinous, and is transferred to 
carboys, or stone-ware barrels, holding sLx or seven gal- 
lons. '^Safety tubes of glass are placed in the bungs, and 
on the second day an inch of quicksilver in tlie ttibo, to 
exclude tlio air. The bungs arc covered with a cement 
consisting of wax and rosin. Carbonic gas bubbles 
through the quicksilver for some weeks, when it ceases. 
The wine should remain for the summer in tlic carboys, 
or barrels, if the latter be used. The wine thus made in 
April should he bottled in March, or if made in Octo- 
ber, bo bottled in September. The wine is not fined, 
for a light dry wine the inventor thought would ho 
injured by being deprived of its tannin. After a year 
in bottle the wine bad a boiKjuet lilvc eldorllowcr. As 
tJie wine is not fined it is decanted with care to keep it 
clear. It is of a pale yellow color, but in a short lime 
d('cpons to tho lint of Bucellas, having a flavor somo- 
tliing like ])riissic acid at uncorking, which disappears. 
If, in place of mashing, maceration is applied, jnitting 
the chopped raisins and sugar into cold water, a higher 
cidored wine is obtained, the fermentation is slower, and 
it is destitute of the elderflowcr hoti(|uet, acquiring a 
taste fioTD the husks of the raisins; hut often tliis second 
mode of treatment answers well, ft is sometimes 
twenty days under feniionlation. Taitar is often added 
in making this kind of wine, hut it often fails to bo 
good -generally from the use of molasses, cane-sugar, 
and yeast. 

Makers of domestic wines, it must be repealed, fail 
from not, before commoneing their atlompts, becoming 
perfectly acquainted with the mode of racking foieign 
grape-wine, and the princi])les upon wliieh it is done, 
wliich arc api)li(:ab]e to all domcslic wines, almost 
without exception. Tlicy are Hcai’ecl}^ ever wliat they 
are capable of being made, fri the evidence on tlie 
wine duties, before a Committee of the House of Com- 
mons, Mr. A. Walkru and Mr. J. Frith were ex- 
amined. They deal in wine, home-made, of all kinds, 
and some bearing foreign names. The wholesale price 
by the hogshead was five sbillings per gallon. They 
make sixty-five thousand gallons, of which ten thou- 
sand aic Rritisli port and sherry. It is estimated that 
six hundred thousand gallons of Uicsc wanes arc made. 
Fort is imitated from the black cherry; champagne from 
French gr.apcs ; port, partly too with French grapes and 
raisins; and Capo or Pontac, witli bottoms of Oporto 
and Spanish wines. Sjiirit is added to Ibom all. Some 
ehampagiio, liomc-mado, is from rhubarb and goose- 
berry. It is averred that any light wine may he made 
to pass for home-made champagne, by means of sinij) 
and carbonic gas, applied'as if to aerated waters. How- 
ever this may he in juactice, Dr. M‘Cull()CH so well 
explained the process of making these wines, that suc- 
cess is sure wherever the guide ho’ has left is followed; 
and if tlie domestic manufacturer be not successfij, it 
is not for w^ant of the soundness of the principle, hut of 
the practical action arising from its knowledge. 

Wink Mbabures. — The imperial gallon wine mea- 
sure which superseded tlie old contains ten lbs. avoirdu- 
pois of distilled water, or 277*274 cubic inches. Tho 
old wine gallon was equal to two hundred and thirty -one 
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cubic inches, the ratio being nearly as six to five, or [ wino^pint is 34*65925. 
more correctly as one to 0*8331 11. The iniporial Isureswere: — 


Tlio old English wine mea- 


Ton. 

npos. 

l\uteh«K>nR. 

nogtiieada. 

TlcrwiJ. 

Bamslc. 

UundloU. 

Oulloni. 

Qiuirto 

Pint* 

Qaartema. 

Ooblo InohMi. 

1 

2 

3 

4 

c 

8 

14 

252 • 

1008 

2016 

8064 

68212- 


X 


2 

3 

4 

73 

126 

504 

1008 

4032 

29106* 



1 

n 

2 

2§ 

6» 

64 

336 

672 

2688 

19404- 




1 


2 


63 

252 

504 

2010 

14553* 





1 



42 

168 

336 

1344 

9702- 






1 


.31J 

126 

252 

1008 

7276-5 







1 

18 

72 

144 

576 

4158* 








1 

4 

8 

32 

231* 








# 

1 

2 

8 

67*75 










1 

4 

28-875 











1 

7*219 


Wine measures dilTor greatly in the Eiiropean wine- 
making countries, and give much perplexity in con- 
ducting operations of any kind in regard to them. 
Thus a tun is two pipes ; three puncheons, four hogs- 
heads ; six tierces, two hundred and fil’ty-two old 
English gallons ; and one thousand and eight quarts, two 
tlioiisand and sixteen pints. The following are some 
of tire more common measures 

Old Onllons. Mow OMloos 


Tun, 

252 

210 

I’ipo of Pori, 

138 

115 

Do. CarcavolloB, Li.sbon, Ducellan, 

MO 

117 

Do. Madeira, 

110 

92 

Do. Hicilian, MarsaUt 

112 

9;j 

Do. Vidoriia, Teiierille, 

120 

100 

Bull. Moutitttiu, > 

L26 

105 

Do. Malaga, j 



Do. iSlierry, 

120 

100 

Hogshead, Glare t, 

57 

46 

Do. Tent, 

g:j 

52 

Ohm llhonihh, 

30 

30 

Do. Aix-lu-Chai)flU', 

— 

35 

Do. Cologne, 

— 

41 

Do. Heidelberg, 

— 

29 

Do. Cansel 

— 

43 

Do. Frankfort, 

— 

39 


The French measures are the litre and hectolitre. 
The first contains 61*0280204 cubic indies ; the second, 
3*531714003 feet English ; or the litre is equal to 2*113 
pints old English wine measure, ami the hectolitre to 
26*4 old English gallons, or to 22*01 gallons im[»eria], 
and tlio litre to 4*5432. Therefore, 100 imperial 
gallons are 454 3200 litres. A pipe of port contains 
622*3680 litres ; a butt of sherry, 490*0050 ; a hogs- 
head of claret, 208*0872, and an ohm of Ithcnisli 
136*2060. In France, let the name of the cask or 
measure he what it may, tJio stranger asking the 
number of litres, is at once answered — tlic litre being 
the legal standard. 

FREMCU WINE MEASURES WITH OLD ENGLISH. 


Lllrca 


CuWo 

Int^)«rlal 

OM%^lne 

Ox. of 


invltuii 

pititS 

piliM 

waUir, troy. 

1 

— 

61*028 

1-7608 

2*11353 

31-104 

2 


122-056 

3-5216 

4*22706 

64-208 

3 


183*084 

6-2822 

6-34059 

96-312 

4 


244*112 

7-0430 

8-4.5412 

128-416 

6 


305*140 

8-8038 

10-56765 

160-520 

6 

— - 

366*168 

10-5616 

12*68118 

192*624 

7 


427*1% 

12*3253 

14*79471 

224.728 

8 

= 

488-224 

14*0861 

16-90824 

256-832 

9 

:s: 

549*252 

15*8469 

19-02177 

288*936 


In some countries a troublesome variety prevails in 
meaBuros of the same name. In Sweden, the ohm is 
130*019 litres, or 80*543 gallons imperial; at Stras* 
burg it is only 40^*093 litres, or 10*146 gallons. 


The measures for >vine in Spain are commonly 
arrobaa, of wliich sixteen make a mayo ; twenty-BOveii 
mayos, a pipe ; thirty pipes, a bottle — tlie last equal to 
one hundred and twenty-seven and a half old English 
gallons, or ono hundred and six imperial. But the 
moasures of tl»e same name differ in different provinces. 
The arroha of V alencia contains 11*7 80 litres ; of Malaga, 
15*850 ; of Spain and the Canaries generally, 16*073. 
The cantaro of Alicante is 1 1 *554 litres, or about three 
gallons, and the tonnclada is ono Jmndred cantaros; 
that of Arragon, 10*313 ; of Oviedo, 19*236. The carga 
of Barcelona is 123*750 ; the gerra of Minorca, 12*003 ; 
the mayo of Gallicia, 101*091 ; the quartin of Majorca, 
27*131 litres, or 7*108 old gallons. 

In l^ortiigal, the alraudo 4 b 25*480 litres ; of Lisbon, 
16*54 1 ; of Oporto, twenty-one make a pipe ; at Lisbon, 
tbirty-onc, or one hundred and forty old English 
gallons. At Figiieras the almudc is 4*75 English 
imperial gallons; at Viana, 5’5. All these are in ust^ 
in Portugal ; besides which, they have potes, canudas, 
quart illos, basils, and tonncladas; tliialast two hundred 
and thirty-one imperial gallons. 

In Germany the ohm varies, at Hanover and Ham- 
burg it is thirty-two imperial gallons ; on tlie liliino 
only twenty ; at liatisbon the bergeinuir —about nine- 
teen imperial gallons, and Uie same at Munich — seven 
and a half only ; at Vienna it is ten and a half imperial 
gallons. The ohm at Basil, in Sweden, Dantzic, ami 
Strasburg is a cliflerent measure from the German ohm. 
The ohm at the Cape of Good Hope is thirty one 
and two-thirds; tlie cimor of Leipzig, twenty and 
a half old Ilnglish gallons, and at Dresden eighteen 
only ; at Antwerp the aum or ohm is forty-two old 
English gallons. 

The lliissian wfine-measure is the vedro of 2*705 
imperial gallons; three vodros make an anker; six 
ankers, an oxhaft; two oxhafts, a pipe, or 75*320 
imperial gallons. 

The Hungarian measures are, the nntheil of 11*125 
imperial gallons ; tlio great and little eimer — the first 
equal to 16*140 imperial gallons, and the second to 
12*515. 

llie other European wdno measures are of little 
moment comparatively. In Italy they are numerous. 
The okc in Greece is two pounds, three oimcos, five 
draclims, avoirdupois ; and the alma of Constantiaople, 
1*150 imperial gallons, 

Mr. Cyrus RF.DDiNa kindly tendered some valuable 
matter, which the Editor has incorporated in the 
preceding details. 
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ZINC ^History. 


1 

Fr 


2IKC. — Zim^ French; Zink^ Gcrnian. — It is Only 
from the middle of the sixteenth century that zinc has 
been known as a metal. Its ores wore known from a 
veiy early date, and wore spoken of under various 
names; but the first account which is recorded of the 
term zvm being used in reference to the educt from the 
calamine or cadrnia of thp period, is that of ALBicJtTUS 
Magrus; and the first who characterized it as a distinct 
metal was Paracelsus, about the year 1530, For a 
long time afterwards, however, the kno,wlcdge of this 
substance was almost entirely confined to alchemists, 
who prized it highly on account of the property which 
it was thought to possess of transmuting copper into 
the more precious metals. It was owing to this ima- 
ginary property that the metal was long termed cArnn- 
terfep or counterfeht hy the Gormans. The present 
name seems to bo derived from the word zinkcn or 
zacken, the German for nails or spikes, because, in 
preparing brass, n portion of the oro, on being sub- 

Ooppor 

Large brass of the Cassia family, n.c. 20 .... 82'2(> 
Largo brass of Nero family,. . . a,i>. GO .... 81 ’07 

Titus, » 70 .... 83*04 

Umlrian, “120 .... 85*')7 

Faustina, jui I. “ 1G5 .... 70*14 

Of many other bronze articles analyzed by Puilups, 
none of them, known to have been produced anterior 
to the year 20 before Ciiutst, were found to contain 
zinc as a constituent, tin being the material employed 
instead of that metal. The earth which was used in 
those early days for the purpose of forming an alloy 
with copper was termed cadrnia ; but it is evident that 
by this substance was not meant an oxide or siliciouK 
oxide of zinc, as at the present day, hut any mineral, 
whether oxide or carbonate, that contained a large 
proportion of that metal, notwithstanding there being 
other metallic compounds associated wdth it. The 
alloy so prepared was known as aurlchalcum^ which 
was then recognized as a purer copper than the ordi- 
nary metal, and hence was more esteemed. The dross 
I or oxidized portion sublimed from or remaining in the 
furnace after the alloy was drawn off, was likewise 
known by the general term CAr>MiA, but was distin- 
guitibed by some particular designation, according to 
its color, form, or consistency. In later times this 
compound was distinguished at Ilammelsbcrg as fur- 
nace calamine — ofimbruch — when it was discovered 
that it could bo employed instead of native calamine 
in the manufacture of brass. Another substance called 
Tutia, which seems to have been analogous to cadrniu, 
or at least to have been a compound also rich in oxide 
of zinc, is spoken of in writings of the eleventh and 
subsequent centuries as having been employed for the 
manufacture of brass, Zozimus, who is supposed to 
have written about the fifth century, states, that to 
make brass, cyprus copper must bo melted and pounded 
tuHa strewn upon it. According to Albeetus Mag- 
nus, the celebrated alchemist Hkkmisb taught the 
method of making copper of a gold color by intro- 
ducing pounded tutia into Uie melted metal; and 
AlbeuTus leaves no doubt of the nature of this tutia, 
for he states that it is not a native mineral, but an 


mitted to a preparatory roasting, often asSutned such 
forms. The synonym Spelter, which is now so much 
used in commercial language, is derived from the terms 
splaukr^ spialter^ et cetera — terms which were intro- 
duced along with tho first portions of this metal 
imported from India. 

That the ores of zinc were known to the ancient 
Greeks and Romans, is attx^sted by the accounts 
which Dioscorides, Strabo, and Pliny give of one 
of them, or perhaps of several of them imder one 
generic name ; and likewise by tho fact that in the 
time of these writers or at a later period, articles are 
known to have been produced in a kind of brass or 
bronze, the analyses of which clearly indicate the 
prcsunco of zinc in greater or less proportion. The 
following analyses of different varieties of brass, 
dating from about the beginning of the Christian era. I 
are given hy Phillips as demonstrating this fact | j I 
indisputably : — j | 

i! 

Tin. Iron. Zlno. Lcnd^ j | 



— 

. . 0*35 . . 

17*31 .... 


l-O.'i . . 

— 

17*81 .... 


— 

.. o-.oo . . 

13*84 .... 


1 14 .. 

. . 0*74 . . . 

10*85 . . . 


4*07 . . 

. . 0 23 ... 

6*27 .... 


admixture produced in the furnace when copper ore i j | 
is melted — thus showing that evitlcntly it wns a sub- 1 1 I 
limed oxide of zinc mixed with other ingredioiits, and 1 1 I 
analogous to the furnace calamine or ofivhrtielL of a M i 
later period. Tho discovery tliat this sublimate could j 
he substituted for native calamine in tho production I 
of brass, is said to have originated with Euasaius | 
Fuf’.niczer, a Gorman, towards tho nffudlo or first | 
quarter of the sixteenth century. Tho discovery was 
greatly esteemed, as up to tJuat period the refuse i 
matter from the furnaces of Ilammelsbcrg were cast i 
aside as useless. Doiibtle&s the period intervening 
from the time of Albertus Magnus to that of Para- 
celsus gradually developed facts resulting in a more 
compriihonsive knowledge of cadrnia, tutia, and the 
other substances containing oxide of zinc, and leading 
as a natural consequence to the isolation of tho inolal. 
Indeed, tho former of these writers distinguished tho 
principle^ in the earth which was used to convert cop- 
per into brass as nmreasita auren, a term which might 
be qualified as meaning the metal of this earth, though 
properly it was understood at the period as a mercurial 
ore, probably a sulphide of mercury. This marcasita, 
of which Magnus speaks as superior to the other ores 
of zinc, was found at Goslar; but that of which 
Paracelsus wrote was stated to be produced at 
Cariiithia. By Agricola, however, who wrote about 
tho year 1550, reference is made to the Goslar pro- 
duct alone, which he designates as liquor candidua or 
cfmnter/eyj and Fabricius, who died in 1571, con- 
jectures that stibium is what the miners call dneumy a 
compound that could be melted but not hammered. 

From these different statements it will bo seen 
tliat the knowledge of zinc, even for a long time 
after its recognition as a distinct metal, was exoeed- 
ingly meagre ; and in point of fact very few of the 
chemists of that period could obtain even samples of 
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it, owing, as it is alleged, to tlw great hopes enter- 
tained of it as an alohemical agent, and the conse- 
queut prohibition by Duke Jouus to sell it or make 
it generally known* However this may bo, tho lirst 
certain account of its production at Goslar was given 
in XGiT.by Lcehneyss, whoso note in reference to it 
runs thus: — ^Whon tho people at the inelting-hous© 
are employed in melting, there is formed under Uio 
furnace, in tho crevices of tho walls, under the stones 
whore it is not well plastered, a metal which is called 
zino or counkr/chtt and when the walls arc scraped 
the metal falls down into a trough to receive it. This 
metal has a great resemblance to tin, but it is harder 
and less malleable, and rings like a small bell. It is not 
much valued, and the si'rvauts and workmen collect it 
only when they are promised drink-money. They, 
however, scrape oft* more of it at one time than at 
! another; for sometimes they collect two pounds, but 
at others not above two ounces. This metal by itself 
is of no use, as, like bismuth, it is not malloablo ; but 
w^hon mixed with tin, it renders the latter harder and 
I more beautiful, like EngUsh tin. Tliis zinc or bismuth 
; is in great request among the alchemists. 

I Beckmann Kenkell is accounted to have boon the 
; first who procured it directly from calamine in 1741. 

! After him LAW\soNis staled to have succeeded in extract- 
I iug it from tho ore, though no account of bis researches 
i exist. Von Swab, a Swede, obtained it by distillation 
I from calarnirio in 1742; and almost contemporary with 
I him Maroquaf likewise dis(iovcred a ])roceB8 for tho 
1 same purpose in 1746. It is stated by Watson in his 
j chemiciJ essays, that in 1743 a manufactory for the 
1 production of this metal was established at Bristol, 
by Champion, and was carried on by his successor, 
j Kmeuson, who established another in tlie neighborhood. 

I It appears, however, that tho wants of Europeans, as 
i regards this metal, were supplied from China and India, 
i through tho Dutch, and probably the Portuguese, tho 
j imported articles bearing the title tutemif/ue, or Indian 
tin. Kaynal records that tho Dutch East India 
Company purchased annually at Palimbang a millicjii 
and a half pounds of this metal ; and tho Danish 
i Company at Copenhagen, in 1781, as much as one bun- i 
drod and fifty-three thousand nine hundred and fifty- 
three pounds. It appeal's, however, that bekweon the 
above date and 1820 the production of zinc must have 
greatly increased, as it is recorded that at the latter date 
spelter or zinc was imported into England from Silesia, 
to be again exported to India to 6upi)ly tho place of 
the tutenagm^ formerly imported from China, Tho 
Silesian zinc was analogous in composition to the 
Chinese product, as will be seen by the subjoined 
figures : — 

Zino^ L«ul, Iron- Salphor. fifuuli 

Silesian zinc,.... 98-32 1*40 — 0-18 0-10 

OUiucso tixtenacfue, 97*63 0’S3 1*90 0*14 — 

The quantity exported from England to India almost 
balanced the totfU amount of her imports, until about 
1830, when tiie quantity retained for homo con- 
sumption began to bo increased annually, so that in 
1851 amount thus utilized reached deven thou- 
sanid two hundred and sixty-two tons, while the quan- 
tity imported in tho same year amounted to eighteen 
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thousand six hundred and twenty-six Ions, whereas 
the exports to India remained nearly the aame. At 
present Silesia is the great seat of the mauuluotuve of 
zinc, containing tho largest works of the kind ia tho 
world, and producing as much as fifty-three per cent, 
of tho total yield of all countries. Belgium, including 
mm'O especially the works of the Vieill© Montagno 
Company of Liogo, ranks next, and produces about 
tbirty^three per cent, ; Poland and Cracow fumishea 
ton and a quarter per cent., and England tho remairKler. 

Thp appiicafion of sine within tlie lost twelve yearn 
has been very much extended, not only for use in brass 
foundries, but in several other departments, such as in 
galvanizing iron for light roofing and for fencing, and 
ill fact for all the lighter kinds of iron which luive to 
bo exposed to the air; for the base of electro-plated 
articles, for paint, and various other oppKcations. 

Occukkknce op Zinc, — This metiU is never found 
in the native or virgin state, but always combined with 
oxygen, sulphur, and salt radicals. Ores of zinc arc 
met with in almost every country, though not to such an 
extent in many of them as to render them particularly 
important in a mclallurgical point of view. The most 
remarkable deposits of those ores hitherto discovered 
are those in New Jersey in the United States, whore 
almost every variety of tlio natural coriibiiiations of 
zinc are met with. They exist in considerable quanti- 
ties in Siberia and on the continent of Europe, more 
especially in Silesia, llmigary, Carintlua, Saxony, Bel- 
givmi, Sweden, and France; also in England and 
Scotland, and some jiarts of Ireland. The most famous 
localities where tho deposits occur will lie mentioned 
presently in specifying the particular ores of zinc. 

Ores of Zinc. — The most important ores of zinc, 
not only as containing more of the metallic element, 
but also as affording greater facilities for its extraction, 
are the oxide, carbonate, sulphide, and silicates. 

OxiHE OF Zinc— Spartaute — red oxide of zinCy 
zifLC oxide ferri/^^e; zino erzc} zinkit , — Generally this 
ore is mot with in the amorphous state, but it is ucca- 
sioimlly found crystallized in forms of the rhombo- 
hcdral system, the crystals appearing colorless or 
yellowish-red, according to the purity of the compound ; 
their lustre is adamantine, apjvearing translucent on the 
edges, having a cleavage parallel to the base and one 
of tho sides, a conchoi«lal fracture, and a specific gravity 
equal to 5*43 to 5*52. Crystallized oxide of zinc is infusiblo 
before the blowpipe, though it phosphoresces strongly ; 
with borax and phosphorous salt the presence of man- 
ganese is indicated in it, wliile that of zinc is shown by 
tho green color produced in tho assay, when it is 
moistened with nitrate of cobalt solution, and subse- 
quently heated to strong redness. Tho powdered 
crystals, as well as tho amorphous substance, dissolves 
readily without effervescence in nitric acid. Its com- 
position ia — 



Whitiwy. 

BayM. 

Berthler. 

Oxide of ziuc, ...... 

94*45 

06-19 

93-48 

88*0 

Oxide of manganese, 

trace 

3*70 



Frunklinite, 

4*49 


5*50 j 

I* 12'0 

Oxide of iron, 


0*10 

0*01, 

0-80 j 

Loss by ignition, &q. 

1*06 




lOO-OO 

100*00 

kocboo 

100-0 
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Carbonate op Zinc — ealcmiinc; stinc carhomti, 
Galmei-BniiiltaoniU } zinc spar , — This is by far the most 
important ore of zinc, and that from which the metal 
is chiefly extracted ; it is more diffused than any other, 
and offers, like the oxide, peculiar facilities for smelting. 
Calamine is usually found in a crystallized state, in 
concretioncd and compact masses, and in pseudomor- 
})hic forms. The crystallized variety when pure has a 
vitreous, incliiiing to a pcafly lustre; is colorless, wlnto, 
grey, green, or brown, according to its freedom from 
extraneous matters. Its crystalline fornf.|s that of the 
rhombohedron, Nf^ith a cleavage parallel to its faces. 

Bmlthfon. 

'I * ^ 

Oxide of zinc, 64*8 .... 65'2 

CJftTbonic acid, 35-2 34*8 

Protoxide of inaugaiioso, . . — .... — 



100-0 100‘0 


Samples 1 and 2 in the preceding lahlo represent 
calamine from Somersetshire and Derbyshire; 3 is 
from Nertschinsk, 4 from Allenberg, 6 from Brilon, and 
6 fronj Taina in Siberia. 

Annexed are a few anal 3 'scs of other samples of 


Its fracture is uneven or impuleotly conchoidal; its 
streak white; and its specific gravity 4*34 to 4‘45. 
Tlie ore is infusible before tbe blowpipe, but affords a 
white sublimate of oxide of zinc when it is heated on 
the charcoal, and which is yellowish while hot, and 
becomes white on cooling. By moistening the assay 
with a solution of nitrate of cobalt, and then heating, 
tbe green color peculiar to zinc under such treatment 
makes its appearance. It is readily soluble in acids 
with the evolution of carbonic acid, and in an excess of 
caustic potassa. Tlie following analyses of a few 
samples of the mineral indicate its composition ; — 


Knriton. Berthior. 


3 

4 

6 

6 

67-76 . . . 

04-53 

.... 64-36 . 

. . 60-7 

36-62 , . . 

35-47 

.... 35-U . . 

. . 35*0 

6-62 

— 

.... — 

. , — 

— 

- — 

.... 0-50 . . 

— 

— 

— 

.... — 

.. 4*3 

100-00 

100-00 

100-00 

100*0 


calamine more manganiferous than the foregoing. Num- 
ber 1 specimen represents the calamine in yellowish 
wliito crystals from Altenberg ; No. 2, light green 
cr^^sluls from Nirm; No. 3, dark green crystals; and 
No. 4, calamine from Nertschinsk: — 


Carbonate of oxide of zinc, 

Cari onate of protoxide of iron, 

Carbonate of protoxide of mangancHo, 

Carbonate of oxide of lead, 

Carl)onato of lime, 

Carbonate of tnagncBia, 

Bilicate ofoxido of zinc, 

Silica 

Volatile matter, 

Lobs, 


Very frequentl}" the silicoted oxide of zinc and the car- 
bonate are confounded under the title calamine. Two 
principal classes of calamine are recognized, namely, 
ordinaiy white calamine, which may he a carbonate or 
a silicate of the oxide, containing hut a very small 
])roportion of ferruginous matters, and tlie reef, which 
differs from the foregoing, but only by its containing 
more hydrated sesquioxido of iron or its salts, 
llie following are analyses of red calamine by John : — 


Fioin niidlpIkAr. 

Prom Deutlion. 

Oxide of zinc, 

Carbonic acid and water,... . 

39-00 

15*00 

. . . ,35 00 

( 24-37 
••• \ 10-63 

Oxides of iron, manganese, 
lime, and silica, 

l-^e-oo 

. . . 3-000 


100-00 

100-00 


Calamine, as well as hlmde^ is found in two geologi- 
cal fonnations — the one is the carboniferous or mountain 
limestone, in which it occurs in veins accompanying 
galena ; and tbe other the magnesian limestone forma- 
tion of English geologists, the Alpine limestone of the 
French, and the ZecTistein of the Germans, in which it is 
disseminated in small veins forming a network in the 
mass, not more than a few inches in thickness, except 
whore several intersect, when it sometimes increases to 



Monhoim 


Koboll 

1 

2 

3 

4 

81-02 .. 

86-78 

.... 74-42 . 

. . 96-00 

l-.'ift .. 

2-24 

.... 3-20 . 

. . 2*03 

C-80 . . 

7-62 

.... 14-98 . 

. . “~ 

— 

— 

... — 

.. 1-12 

1-68 .. 

0-08 

.... 1*68 . 

. , 

2-84 . . 

4-44 

. . . . ’ 3-88 . 

— 

1-85 .. 

— 

.... — 


— 

0-09 

.... 0‘20 . 

— 

— 

— 

.... 0-f)6 . 

. . 

0-43 . . 


.... 1-08 

. . 0-85 

100-00 

101-16 

100-00 

100-00 


as many feet. Exploraiions for lead and zinc are 
carried on in England, wherever the mountain or 
metalliferous limestone exists ; hut the principal seats 
of operation are in the neighborhood of Alston Moor 
in Cumberland, of Castleton and Matlock in Derby- 
shire, and in Flintshire in Wales. In the magnesian 
limestone the explorations for calamine are prosecuted 
chiefly on the flanks of the Mendip hills, near Bristol ; 
and the mineral is excavated by means of numerous 
small shafts and levels. Calamine usually occurs in beds 
and veins, associated with Smitlisoiiite galena, blende, 
and other minerals, in the crystalline slates, transition 
rocks, the coal formations, the muschcl kalk, and oolite 
fonnations. It is found at Altenberg and Nirm, near 
Aix-la-Chapelle; at Iserlohri and Brilon in Westphalia ; 
near Tarnowitz in Silesia; at Jlaihel and Blciberg in 
Carinthia; in the Baiiat; at Miedziana Gora in Poland; 
Dognazka, Rezbanya, and Saska, in Hungary; atKucsi- 
ana in*Servia; Tschairski in the Altai ; Nertschinsk and 
Nischn Tagilsk in Siberia ; Chessy in Franc© ; in Bel- 
gium ; in several places in the United States, especially ^ 
in Jefferson County, and many otlier localitaes. 

SiiJCATE OF Oxide of Zino — Smthsmpte^ 
mne oand^ Hauy; zinle^ghai^ Hausmam^M- 

Haidinger. — Two varieties of this minfiliiexist; 

* 
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tiid one anhydrous and the other hydrated. Anhy- 
drous oxide of zinc is found crystallized in regular 
bexahedral prisms of a groon or grey color; tranduoent, 
sometimes transparent, with a vitreous lustre on the 
surfaces of the fracture, which is somewhat conchpidal 
and uneven. Its streak is white. Before tlie blowpipe 
it is infusible, and is only reduced when mixed with 
charcoal, and submitted to a very high temperature ; 
heated with soda on charcoal, it affords a sublimate of 
oxide of zinc; with a solution of nitrate of cohalt it 
affords the characteristic green color of zinc; it is 
decomposed by mineral acids, yielding a jolly of silicic 
acid. It is composed of— 


Oxuloafzinc, 71*32 

Oxide of leud, 2*66 

Oxide of iron, 0*67 

Silicic acW, 25*35 


100*00 

Hydrated Silicate or Zinc — Electric calandm, 
— Silicates of zinc, especially this variety, were long 
confounded with calamine or carbonate of zinc, not- 
withstanding the great difference which exists between 
the two minerals. Electric calamine occurs in stalac- 
tic, mammillaled, botroidal, and massive forms, as well 
as in crystals of the rigid rhombic system. Its usual 
cedor is wdiito, but in this respect it varies to sliades 
of yellow, brown, green ; its lustre is vitreous, and its 
streak white ; it is phosphorescent when rubbed, and 
becomes electric by boat ; its streak is white ; it has an 
uneven fracture, and a specific gravity of 3’3 to 3*6. 
When healed on the mattrass it yields water and turns 
white. It swells on charcoal before tlio blowpipe, 
and shines with a green light, but does not fuse, 
excepting a liUle on the edges; in other respects it 
comports itself like the anhydrous compound. The 
pure silicate is composed of — 


Oxide of zinc, 67*07 

Silicic acid, 2r)*‘18 

Water, 7*45 


Numbers and 2 in the foregoing table were firom 
Limburg, 3 &om Broigau, 4 firom Bezbanya, and 5 
from Leadhills. 

This mineral is generally associated with calhmine 
in veins containing iron and lead ores and blende ; it is 
found in most of the localities already mentioned as 
containing calamine. Considerable quantities of it are 
mined at Bleyberg and Baibol in Corinthia; in Brisgau, 
Hungary ; and at Taruowitz in Silesia ; it is also found 
ip Poland, Halll^a, Baden, in the Tyrol, and in Banal; 
at Alcarez innS^ain; at Altenberg, near Aix-la-Gha- 
polle; at Moresnet, near Liege; near Goslor in the 
Hartz ; at Matlock, Derbyshire ; in the Mondip Hills 
and Flintshire in England; at the Wanlock-head ; and 
the LeadhiUs in Scotland, and several other localities. 

Sulphide op Zinc — Blende; zinc mlfari; zlnk- 
blende , — Blende occurs in a variety of conditions— 
massive and crystallized in octa- and dodecahedrons 
and other allied forms, derived from the cubic system, 
its color vaiying between black, brown, rod, yellow, 
and green. The crystallized variety is translucent, 
transparent, and opaque; it has an adamantine lustre, a 
eonchoiJal fracture, and‘a cleavage parallel to severiri 
of its faces ; it gives a white, shading off to a reddish- 
bmwn, streak, according to its purity ; it is brittle, and 
has a specific gravity of 4’0 to '4*1. By friction some 
varieties are rendered electric.# Heated sdonc it decrepi- 
tates violently; it is infusible, excepting slightly on the 
edges in tlic blowpipe flame; but it gives, under a strong 
oxidizing flame, a sublimated areola of oxide of zinc 
round tlie assay ; with carbonate of soda on charcoal 
it is reduced. When treated with nitric acid the 
base is dissolved, and die sulphur left in proportion 
to the strength of the acid employed. When pure, 
sulphide of zinc consists of equivalent proportions of its 
constituents, corresponding to the formula ZnS, and is 
composed centesimally of — 

Zinc 67*03 

Sulphur, 32*97 


300*00 

corresponding to the formula ZnO, 2 SiO^ tlO. In 
most cases, however, this mineral is associated with 
various extraneous matters, as shown in the annexed 


analyses*— 

Uerzcillui. 


1 

Oxide of zinc, 66*84 

Silica. 24*89 

Oxides of lead and 

tin, 0*28 

Water, 74*45 

Carbonic odd,. . . . 0*54 

Lose, ^ 


100*00 


Derlliiar. 

SmithAon. 

Thom non 

2 

3 

4 

5 

66*0 

64*5 

68*3 

66*6 

25*0 

25*5 

26*0 

23*2 

9*0 

10*0 

4*4 

10*8 

— 

■*- 

.3*3 


100*0 

100*0 

lOPO 

100*8 


100*00 

Generally, it contains several impurities, such as sul- 
phides of iron, of lead, of cadmium^ and of antimony ; 
the first of tliese is more frequently met with in the 
dark, and the second in the reddish striated kind. The 
following are analyses of a. few samples of blende from 
different localities ; namely, those marked 1, 2, and 3, 
from Przibram ; 4, a transparent variety from New Jersey ; 
5, from Bagn^resrde Liichon ; 6, from Ch4rones, in the 
department of Charonlc ; 7, from Raibel in Oariuthia ; 8, 
from Eaton; 9, from Shelburne in New Hampshire; 
10, from England; and 11, from Christiania : — 
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Blende is foand^ as before etaied) in the metalliferous 
mountain and magnesian limestoiiiQ, especially in Ei%- 
laud, in veins and beds associated with load, iron, and 
copper ores. In Cornwall its presence is observed in 
the older transition rocks, and ohiofly accompanying 
copper pyrites. The variety so found, hrom tlie largo 
quantity of sulphide of iron, is mostly of a bladf color — 
hence tlie miners term tins mineral hlacJcjacL The 
ore is ibund in xooro or less abundance in Hungary, 
Transylvania, Bohemia, Carmthia, andthellartz; large 
quantities of it are obtained in Cumberland, Derby- 
shire, and CornWidl, in England; FlintsJiire, in Wales; 
in Perthshire, the Loadhilla, and the coal fields round 
Edinhurgii and Lanarkshire, in Scotland. 

Sulphate of Zinc . — Goslaritc ^ ainkmiriol ^ v>hite 
vitriolf alwmmte of sdnCj gaknite fi ^ inelk , mneiferej 
and a few oUier minerals of zinc exist; but their 
importance in relation to their abundance, or for tlieir 
application in the metallurgy of zinc, is not so great as 
to i*equir© a desmiption here. 

Preparation of 2ino.— To obtain perfectly pure 
zinc is a task of some difficulty, so much so that the 
commercial article is never met with in a pure state, 
but rather with variable quantities of arsenic, cadmium, 
tin, lead, manganese, iron, cobalt, and nickel. In order 
to obtain perfectly pui^ metal, the purest commercial 
zinc ^lould bo dissolved in dilute sulphuric acid, 
ffitored from auy residue, and the foreign metals tlnown 
down by immersing plates of zinc in the liquid till no 
further deposit takes place. After separating the 
precipitated mehils, which may bo tin, lead, copper, 
cadmium, antimony, and a trace of arsenic, the sohuion 
is treated with carbonate of soda, and the carbonate of 
zinc, which falls after filtration and thorough washing, 
is dried, heated to redness to oxfKil carbonic acid, mixed 
with cliarcoal or kmpblack, and introduced into a cru- 
cible as represented in Fig. 623, placed in a furnace, 
and the metal reduced and 
recovered by the mctljod 
//t . /v /v \ known as distillation per 

dcscemum. In this figure, 
the crucible wherein the 
mixture of caibonate and : 
charcoal is placed, is ' 
shown by A ; it rests upon 
a disc of clay, E, which, 
togctlaor with the bottom 
of the crucible, is per- 
forated for the purpose of 
passing a day tul)e through 
both, one eud of which 
opens at the top of the 
crueible near tlio cover, and the other dips into a cup 
of water, c, placed beneath the grate Mjd ash-pit. The 
crucible beiug fixed, with its charge and its cover 
closely luted with day, is placed in the furnace and 
heated to whiteness, when the reduced particles of 
the metal pass off in vapor, which finds an Outlet in 
the lower opening of the tube, and condenses in tlie 
cup of water in grains. The zinc obtained in this 
way will ho very pure, but to obtain it in absolute 
purity, it is ncoessary to have recourse to dectrolysis 
from a solution of zinc whidi has undergone the above- 






mentioned purifying operation, and from which the iron, 
manganese, and other bodies which may be deposited 
on the dcotrodc, are separated by treatment with an 
excess of caustic potassa, subsequent precipitation 
of the zinc as carbonate, washing, and re-solution. 
The distillation of zme being always conducted at a 
white heat, a refpetition of the distillation, however often 
repeated, is not sufficient to separate many impurities 
of a metallic nature, which greatly injure its propertieB, 
and prevent its applloatlonfi in many operations of a 
chemical and manufacturing nature. The substances 
with which it is most liable to be contaminated when 
. prepared in this way, aro lead, tin, antimony, cadmium, 
and arsenic, as these motals evaporate witli tlie zinc and 
alloy themselves with it, A simple process adopted to 
free zinc from several of the preceding metals consists in 
incorporating some sulphur alone or mixed with grease 
in tlie melted metal, and stirring the whole rapidly 
with a wooden slip. The foreign metals are by this 
oficration converted into sulpliides, but traces of them 
aro still retained in the melt^ zinc. Another mctliod 
is to granulate the zinc by melting it in a crucible, and 
pouring it while fluid into a tub of water, then mixing 
tho powder with a quarter of its weight of nitre, and 
inti-oducing the mixture into a crucible, taking care 
that a portion of the salt rests boneatli and upon the 
metal. The crucible is then heated in a furnace till 
vivid combustion ensues, after which it is taken from 
the tiro, the slag removed from the surface, and the 
melted metal poured into water. Arsenic and iron are 
tliUB removed. 

Properties of ZaNC,— When pure, this metal has 
a bluish white color, somow^hat similar to lead or 
aluminium, and a strong metallic lustre. It crystallizes 
in long regular hexagonal prisms, according to 
Nagger AT ii, but others give tho crystalline form as 
cubic prisms. Nickles asserts that zinc distilled in an 
atmosphere of hydrogcfj forms well-defined pentagonal 
dodecahedrons on cooling. When freshly fractured, 
its crystalline texture is lamellar, the plates sometimes 
appcai’TDg of considerable size. At ordinary temper- 
atures it is briUle, of a moderate hardness, and difficult 
to file, but when heated between 212'’ and 30(P it 
acquires a considerable degi'ce of malleability, so that 
it can 1)0 drawn into wire or rolled into thin bands and 
sheets, Mr. Ford of Coalbrook Dale, who, accord- 
ing to Gray^ was the first i)ereon in England who 
employed the metal in casting fire-engine cylmdcrB, 
states that, by tho more warmth of tho hand, the 
I strips of metal which were as brittle as glass at the 
I ordinary temperature, could he wound round the finger 
I like slips of paper. If tlie heat be raised to 400“ or 
410® its ductility is destroyed, and it becomes so 
brittle as to he reduced to powder in a mortar by 
ordinary grinding processes. Zinc emits a peculiar 
odor when rubbed. Its density, according to tire mean 
of several experiments of Bkisson, Karsten, Play- 
fair, and Joule, is 6 89; the melted metal after cool- 
ing gave Joule only 6*M. It fuses at 705® accord- 
ing to "Guyton Morveau, but DanIell gives the 
fusing point 774®; at white heat it boils, emitting vciporfl 
which burn in the air or in oxygCft gas with a very 
brilliant white light, producing oxide of zitm, which 
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coadenaos in filamontous docks on a cold suTface kold 
over the dame, or ou the walls of the crucible in whjch 
the combustion is edeoted; this m the phUxit^McfU 
woolf the fiowm of dncy or pmpholy^ of the old 
chemists. At a red hoat sine decomposes water, 
setting free the hydrogen of tlio vapor; the same effect 
is produced at ordinary tempcratui’es under the induce 
of weak acids, and with considerably greater energy 
than by heat alone. In the latter behavior a remark-^ 
able difference is manifested when pure and commercial 
zinc arc submittod to the action of the same acid, the 
former dissolving so slowly that it requires the action 
to be continued for a period of eight days to produce 
the same effect as that which is effected upon the latter 
in a fpaco of ono hour. Tins behavior was made the 
subject of a careful investigation by Dfi la Bjve, who 
found ^I’at the action of the acid is increased by the 
presen'' of certain proportions of many metals. By 
alloying nine parts of pure zino with one part of the 
several metals mentioned below, and employing dilute 
sulphuric acid, he found that the effect of the acid, 
measured by the volume of hydrogen disengaged in 
equal times, stood in the relation of the annexed 
numbers 

Qns 


Commercial zinc and alloys of ayuc and iron,.. 100 

Alloy of zinc mid copper, 43 

. Alloy of zinc and loud, 15 

Alloy of zinc and tin, 12 

Distilled zinc, 5 


One twentieth of the quantity of iron alloyed with 
zinc is sufficient to produce an effect equal to that of 
commercial zinc, and even a spiral of platinum round 
a bar of zinc was found to increase the action of the 
acid considerably. On the other hand, be observed 
that the ’acid which effected the moat rapid solution 
of the metal, was a mixture of thirty-three paits of 
sulphuric acid aiid one hundred of water. The consi- 
deration that the zinc, on being alloyed with any metal, 
constitutes a kind of battery within itself, and tlie know- 
ledge that the above acid is the one which fxissesaes 
the greatest power of conducting electricity, led M. De 
LA Uf7“ ' 'f tlio conclusion tliat the greater or less energy 
with wl;. n a plate or bar of zinc decomposes water, is 
depeuuSrft upon the galvanic effect of the metals 
associated with the zinc and of the acid body employed. 

Zinc abstracts oxygon from a great number of acids 
containing this clement. Boiling solutions of potassa 
and soda likewise oxidize it with disengagement- of 
hydrogen, the oxide of zinc formed dissolving in the 
alkali, and forming probaUy the radical of an alkaline 
salt. Exposure to diy air, however long continued, 
is insufficient to tarnish brigVit metallic zinc; but when 
moisture is present it readily undergoes oxidation, 
whitish coating forming upon it ; this, however, retards 
to a great degree its furtlicr corrosion by atmospheric 
influences, so that it resists exposure very well ; and 
heneo^ its very extended use iii roofing and other appli- 
cations where iron would soon become oxidized and 
woru away, Zino forms an extended class of salts with ^ 
aci^,,|nany of which are of some importance in many 
departinonts of art and manufactfires as, woli as in 
medicino;, and metal itself has of lale years been 
a^^plied to a great mtrny imporhmt mea^ has the ! 


or combimng number 32 ; and its symbol, m 
chemical formula, is Ztu 

Metalwjrqt of Ztiiic.~TW principal places for 
the production and manuGaoture of zhs3 are, in Eng- 
land, Swansea, Carlisle, Bnstol, Birmingliam, and the 
neighborhood of She£fleld ; Flintshire in Wales ; Upper 
Silesia in Germany ; and Vieille Montagne in Belgium. 
The latter estabbahment has considerably increased 
during the last twelve years, but it has not attained the | 
magnitude of the Silesian works, which are the largest 1 
Of tiie kind in the world. . I 

Enolish Process,— The ores which are principally 
employed at Bristol and Binniugham, are those from 
the Mendip Hills and from FKntshire, while the 
Sheffield furnaces derive their stock from Alston 
Moor in Cumberland, and from Derbyshire. A large 
quantity of blende is likewise obtained from Cornwall, 
which is submitted to a preparatory roasting. The 
ore is sorted, and any blonde which may be mixed with 
it is separated from the calamine ; tbd< latter is some- 
times ground under head rollers, and roasted in a 
reverberatory furnace, to expel all its moisture anti 
carbonic acid. This preparatory roasting is not univer- 
sally practised, however, as some Bmc]tei*6 merely break 
I it up into fragments about the size of a pigeon’s egg, 
and in this state mix it with its bulk of coal or slack, 
and submit it to the reduction process. Blende is always 
roasted before reducing it metal, for which purpose it is 
sorted and broken up intosmallpieceflof abouthalf aciibic 
inch, and introduced into a reverberatory furnace, whei'c 
it is roasted during ten to twelve hours witliout inter- 
mission. The furnace is ten feet long, eight foot wide, 
a half foot between the bod and tlio roof in tlio middle, 
and ono foot and a half at the bridge. A continual 
rabbling is given to tlie ore, which is spread on the bed 
to the depth of four or five inches. During tlie period 
of the roasting, tho ore suflers a loss of twenty per cent, 
from the sulphur expelled. Four tons of coal aro said 
to bo consumed during each operation. The chaige 
for reduction is then compounded of one part of 
calcined blende, ono part of roasted calamine, and 
two parts of charcoal In the English system, the 
furnaces shown in the annexed figures are employed ; 
their peculiar feature is their being adapted to the prac- 
tice of the system of distillation per tlescenstm. They 
consist, as shown in Fig. 624, of an inner cupola, A A, 
enclosing a double row of crucibles, a O, the whole 
enclosed by a hovel or conical brickwork chimney, i>, 
similar to that of a glass furnace or pottery kihi. A 
number of openings, b b, aro constructed in the cupolo 
coiTcsponding to the number of pots in the firmace, and 
which serves to charge and secure the pots in their places 
when neoesswy. For the convenience of the workmen 
the outer cone has doors, c o, before each pot. A fire, F, 
runs, across the centre of tho hearth and hcata the row 
of four pots on either side, the moke and gases piissing 
off by the apertures, b b, and outwards at the mouth 
of tho cone, d. The ash from the grate falls into 
the pit, E, at either side of which, and beneath the 
pots, is a gallery, h, where a number of dishes or other 
yessels are placed for coiLiooting tho zino, conducted 
to them by iron pipes, having one end inserted into, 
the aperture in. the bottom of the pot, while the other 
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into the dbh already mentioned. To charge 
tlio furnace, the crucibles, which nre previouisly heat^ 
to redness in a reverberatory furnace, are carried 
by a pair of large iron pincers, slung in chains, and 
supported on a kind of over-head railway — ^Figs. 624, 
625^ — ^mnch in the same way as glass-pots are inserted 


Fig. 634. 



and withdrawn from tlio furuaoo. They are then 
introduced by moans of an aperture in the side of the 
dome, and placed in their position beneath the aper- 
tures in the top, so as to rest on each side of the wall 

Fig. 625 



of the farrow opening into the chamber, h. The 
charge for each pot or crucible is composed of equal 
bulks of ore and slack when calamine either crude or 
roasted is used,*4)r if a mixture of calcined blende 
and examine be employed ; these, in the proportions 
already statedl, are introduced through the apertures 
in the dome, the outlet in the bottom of the pot 
being secured by a plug of wood. The fire is then 
urge4 the contents of the pots are brought to 
a full red heat, approaching to whiteness, and when 
the vapors arising from the oro are observed to burn 


with a white light, the covers are placed upon the 
several pots and well luted, the pipes are likewise 
inserted in the bottom, and the distillation is allowed 
to proceed, the temperature being always maintained 
at a high white heat. To prevent the materials in the 
pot from falling through, the end of the pipe is plugged 
with wood, but as it becomes charred, it offers suffi- 
cient space for the metal, in its passage downwards, 
to percolate through it without allowing any grosser 
matters to descend. Any metal condensed in the 
pipes is removed by introducing^ from time to time, a 
small iron rod or wire, wliioh clears it away ; if this 
operation be neglected, the outlets are apt to get clogged ^ 
up, and^the tension of the enclosed gases will endanger 
the explosion of the covers. Usually the period ^cu- 
pied in a single distillation is about sixt -d" 
or five distillations in fourteen days, in which yithf?" at 
to ten tons of ore are worked off, with a conBuM9 :ion of 
twenty to twenty-five tons of coal. The metal obtained 
amounts to thirty-five or forty per cent, of the cal- 
cined oro employed. When no more metal is con- 
densed, the refuse matter in the pots is discharged by 
removing the pipe in tlio bottom and the cover, aiwl 
j then raking it out through the bottom aperture ; after 
this operation the latter is plugged, to prepare the; 
retort for receiving another charge. Each pot serves 
to distil about forty charges before it gets broke.i; | 
when this happens, the fragments are withdrawn 
through an opening made in the surrounding brick- 
work, and the place of the broken pot is supplied by 
I another annealed at a red heat in a reverberatory, as 1 
mentioned above. The collected product of the distil- | 

I lation, which is chiefly in drops and fine moialh> j 
powder mixed with some oxide of zinc. Is melted in 
a large iron pot set in brickwork, and heated by a fire 
beneath it, when the lighter oxide and other impurities i 
form a scum on the surface of the bath of melted ' 
metal ; the former is skimmed off, and the latter cas* 
into bars or cakes, in which state it is sent to market. 

Process Practised at Vieille Montag ne.- j 
The mineral wrought at this establishment is a mkturo I 
of calamine and oxide of zinc, which is of * cliff oom 
pact and crystalline nature, intermixed with .Sbmngiv j 
of clay in amorphous masses. As a preparatory oporb- < 
tion, the mineral substance, as taken from the mine, in 
exposed to the air for the purpose of allowing the 
gangu© to disintegrate, with the view of rendering its 
separation more easy and complete in the preparatory 
process to which it is submitted. There are two 
varieties of the carbonate treated, one of a reddish 
color, containing a considerable amount of iron ; the 
other white and more compact. The ore is placed in 
heaps, and turned over from time to time to permit the 
air to pass through it more freely. After a period, 
varying from three to twelve montljs, the heap is 
picked, and the fragments of pure ore of the size of 
pigeons’ eggs are selected from the rest. The refuse 
matter is then screened, and the coarser portions 
again picked out by hand ; finally, the reduced frag- 
ments are washed upon the inclined plane, and Uio 
chief part of the clay is thus removed. There is a 
considerable difference between the period requfred to 
disintegrate the two varieties of the imneral : by a 




tiiree months* expoHiire the refl kind ia auf&oiently 
decoinposed to part with the tnc^t of its imptwities, 
whereas the white Yijriety takes fcpm nine to twelye 
months to effect the same change ; in ihe fortaer the 
loss averages fifteen per cent, whilst in the latter it 
often amounts to fifty. The selected ore is then 
calcined, sometimes in a reverberatory, but more 
frequently in a conical kiln, somewhat similar in form 
to that in which lime is burned, and which has the 
acl vantage of being continuous in its operation. Fig. 
626 represents this kiln : it is ^ated by two lateral 
firos inclosed withiu.an arch, the products of combus- 





tion freftn which are dranglitod into llio interior from 
a channel or flue by twenty different apertures, o, o, t/, 
at various points of elevation. The bottom of the 
kiln iiicliiK?8 towards the drawing doors, A, A, owing 
to the two caBt-iron plates of which it is composed, 
/, /, being laid together at an angle of 45®, and hence 
the descending body of calcined ore falls in almost 
equal portions towards each of the rectangular outlets 
already mentioned. Coal is preferred for heating in 
this case, owing to the high temperature necessary 
to calcine the mass of ore which is introduced at 
regular intervals at the top. After drawing out the 
roasted ore it is :^round under headstones, and sifted, 
so that its finenc ^ is insured ; it is tlicn mixed with 
its proper quaniiiy of combustible matter, which may 
bo charcoal or line coal, and introduced into the 
retorts for smelting. These retorts consist of cylin- 
ders of refractory clay, closed at the end which is 
r inserted into tho furnace, and open at that one which 
‘ piotrudes ; to this end is adapted another cylinder of 
sheet-iron of a conical form, for the puiposo of con- 
densing the motallic vapor, and this in turn has a third 
pipe of the same form, but much smaller, appended to 
it. These several parts are seen in Fig. 627, A being 
the retort, B the condenser, and C the outer cono; 

Flff. 627. 


tho first is three feet eight inches in length, and six 
inches in diameter, the second is sixteen inches in 
length, and the third about the same, dnly that 
both taper, so that the aperture of tho apex of o is 
not greater than three-fourths to one inch in dia- 
meter. Piese are placed in a peculiar kind of furnace 
representedin etbvatbdeeGlh^n in Figs, figd and 629, the 


latter in the lino A b of tho former. The stack coinshits 
of four distinct furnaces, ^ach in Uie form of a semi* 
cylindrical chamber, eight feet eight iiicl es from the 
highest point of the arched roof to tho floor, the bs ck of 
the chamber being oonstruotod so as to reoedo ^u^htly 
from the bottom or floor upwards, as shown by h cf, in 
Fig. 629, and the front, a e, being left open for the 
convenience of introducing the retorts. The Are 
which heats the chamber and its complement of 
retorts is shown at f, and is placed beneath tho 
level of the flbor of tho smelting house, the com- 
bustible gases and other products passing upwards 
through four apertures in the grate, sliown at e, c, e, 
and thence by a double flue, o, o, finding an exit 
overhead into the chimney, C. Tlie latter forms ono 
massive construction, embracing tho four outlets, each 
closed by a dawnper. In each of the chamber fur- 
naces forty-two retorts, o, a, are heated ; these being 
placed in rows one above the otlior, as shown in tho 
drawing, the posterior end resting upon a ledge made 
for the purpose iu tho masonry or brickwork. In the 
front tho distillatoiy cylinders are supported by plates of 
cast-iron, so fixed at each side of Iho face of the furnace 
as to allow tho cylinders to slope downwards from tho 
back to the front. Before placing tho retorts in this 
furnace, a brisk fire is maintained in it for some time, so 
as to bring the interior to a bright red or white heat, tho 
face of tho furnace being built up with bricks or frag- 
ments of broken retorte. When this condition has 
been attained, the cylinders, which should be previously 
heated to redness in a reverberatory, are fixed in their 
places one by ono, tho interstices between each retort at 
the front being closed up with fire-clay. At first, a small 
quantity of tlie mixture of ore and coal is submitted 
to reduction in tho cylinders, tho condensing cone and 
adopter attached and luted, and any metal given out 
collected in tlio manner presently to bo indicated. 
These preliminary charges are successively increased 
for a period of three or four days, or until tho furnace is 
found to be in a proper working condi fcion . At th is period 
the charge attains its mean, and consists of one thousand 
ono liundred pounds of the roasted, ground, and sifted 
calamine, intintatoly mixed with five hundred and fifty 
pounds of bituminous coal in fine powder, for the 
forty-two retorts. This is introduced into tho clay 
cylinders by means of a long half-cylindrical shovel 
attached to a long iron handle, commencing with the 
j lower retorts, and proceeding to tho higher ones in 
I succession. When all are filled, the flue, which is 
usually stopped by having the damper dowU, is 
opened, and an increased firing resorted to. 
As tho contents of the retorts attain a strong 
red heat approaching to whiteness, they evolve 
^ a considerable amount of carbonic oxide, which 

bums at tho mouth of the cylinders with a 
bluish flame ; after a while the appearance of 
the flame becomes more brilliant and of a greenish 
white, showing that portions of the zinc vapor have 
been volatilized. As soon as this Symptom is observed, 
the iron condensing tubes are attached to the open end 
of tho retorts, the joining is well luted with refractory 
day, and finally the adapters being fixed upon the con- 
densers and luted likewise, the distillation and recovery 
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of diG zinc are proceeded with. Evojry sltention is seldom he exactly attained, and to oompensate for this 
now given to equalize the heat in the interior of the defect the more easily reduorhle ores, are charged into 
furnace, in order that the upper retorts may he worked the upper retorts, and the more refiractory into the 
off equally woH with the lower ones; but this result can lower ones, where the heat is greatest At intervals 
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of iwo hours affor the distillation oommenoes, the 
outer adapter is removed by means of tongs, and the 
oxide of zinc, or cadnda, oollooted in it is removed, to be 
again submitted to the retorts in a succeeding charge. 
An asristant then holds a largo iron ladle, called a 
under the moutli of tiie condenser pipe, and the 
smelter rakes out the fluid zino at the bottom of it, as 
well as the drops of metal attached to the sides and 
other parts. Alter carefully separating the oxide of 
rino wliich eovers the metal thus abstracted, the latter 
is cast into ingots, wwghing finm seventy-five to eighty- 
five pounds. f^apters are then replaced mid 
secured as before, and after two hours the zme produced 
is again removed in the manner stated. I 

A charge of ore commenood at six in the morn- 
ing, and worked in this way, is found to be exhausted 
of its reducible metal at five in the altemoon, so that 
two charges are worked in the twonty^femr hours. 
When <ms operation is finiriicd, the adaptets^ con* 







densers, and retorts are thoroughly cleansed and semped 
out before the next cbaigo is introduced ,* and the oxide 
resulting from every operation and collected from tlio 
adapters and skimmings, is worked up as part of tlie 
ore of the preceding charge. The argillaceous resi- 
due cleared out of tlie retorts after the distillation has 
ended, is found to contain as mnch as ten per cent, 
of zinc ; but being in the form of -silicate of oxide, it 
resists the action of the charcoal and remains intoct. 
About tliirty per cent, of tho calamine submitted to 
reduction is obtained in tho form of metal. The 
distilling campaign lasts two months, dming which 
timo the fires are mamtained at their greatest activity 
consistent with tho work to be accomplished. At the 
end of this period, the necessity far repahs and replacing 
old retorts compels a cessation of the smelting for the 
time required to efiect the neoessaiy renovation^ 

Proom far Mo BmMng of Zmo Orm ^ 
SUem,^T}a& ores of zino worked in tlfis dMet 
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are principally a carbonate mi^cd Mfli some o^dde, 
having a calcareous and argiSaoeons gangue; and ae 


Fig. 630. 



the latter ingredioritH would materially impede ^h® 
reductioii of tljo principal compound, tlio oxide of dnC| 



tboy are as fai‘ as possible removed by processes of 
disintegraiiou and washing aaalagous to Idiosc already 
mentioned in connection with the Belgian 
metliod. 

As in tlie luiigiish and lost xnenrioned 
smelting Cvstablishmcnts, tlie purified cala- 
mine is bore submitted to a preparatory 
calcination for the purpose of expelling the 
water and carbonic acid. The furnace used 
for this puq^oso is shown in Figs. 630 and 
C3i. It consists of an ordinary reverbera- 
lory, of which a is the fire-grate, h tlie 
doors by which the fuel is introduced, c tlie 
fire-bridge, d the interior of the furnace, the 
bed of wliich is constructed of ordinary 
bricks, c e the working doors by which the 
charge is rabbled and worked during Hie 
calcination, /the flue leading to the chimney, 
and <7 tlie superior aperture whereby the ore 
is charged upon tlic bed of tlie fiirnacc. The 
latter is liglited in the usual way, and as soon 
as the interior attains a strong red heat, from 
tliirty to thirty-five hundredweight of ore arc 
introduced at the workmen spreading it out 
upon fliie sole with rakes at the working doors; 
ihig done all the openingB are closed, and the 
roasting is allowed to proceed uninterruptedly, 
the exoeprion of an hourly rabblhag for 
iha pmipiOfle of exposing a fresh surface of 
Ore to ^ flame, tiU tlie whole of Ihe moisture and 
cat^orfio acad is expcllled. The completion of the work 
13 judged of by the apparent boat of the interior of the 


facihiy with which the ore fulls to powderi 
and its change of color, wMch in oaso of the oala- 
ndne being operated upon fiiioiildbebrowni8h,aud of the 
wlnte calamine brownisb-red. When these appearances 
are observed tlie charge is drawn, and a second, which 
had been placed on Ihe platform in the interval between 
the charging and drawing of the roasted ore, introduced 
in its stead, the largest Augments from tlic lost opera- 
Ison Mag and added to the fltteih ore to be 

tecMldbed. fVmr diarges are tlms treated in the 
making a total of neariy six and a 
Imlf bm of 010, wMch yield about seventy^two hun- 
dredweig^ d oak^oted eakmine, with a consumption 
«m an avmwgo of twanty-^riiree Imflliaels of fuel. 

1%B CmSaiMim the furnaces arc 

worked on tbe same princ^lo «« fib® English ones, but 
the details are diife(rcKit$-»^Figs. 632 end 633 sbow a 
plsA and seotioaal elevadbn of the Oarinihiaa flimaco. 
As ai the fkl^ Mmiagm smelting woriss, four furnaces 
axe oODCUK^bed in one block with one eynmey ; tlioy 
consist of rectangular chambers arclied over at tlie top, 
hhbb, heated by fires, a a aj from which the heated 
gases, and flame enter by openings, a' a\ to tlio space 
occupied by tlio retorts. Above the sole of the rotoit 
chamber, h, is placed a trellace work of iron, in tlie 
squaros of which the vertical retorts, p p, are fixed by 
moans of a clay conductor, w, which receives the zinc 
separated in the vertical cylmder. c c c c are the side 
doors afibrding ingress for placing the eondiustOTB and 
retorts in position for operations, etcetera; 4 if, outlets 
for the waste gases from tfie furnace into the flues, 
6 « ® 6, leading to the cliimncy, h. Beneath the con- 
ducstors, n n, is placed a flooring of plato-iron, r r, 



resting on cross supports, as well for receiving the 
zinc which falls in the course of the distiJladon as for 
excluding the atmosphere, and thereby preventing 
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empty cylmdora m process of being baked by the waste 
heat; and even for those within the range of a distilling 
temperature a difibrent mt.{turo is made for the cliarg- 
ing according as the cylinders are nearer to or more 
distant from the fire. This mixture has the following 
compoBition; — 

For tSn four For I1i« 
rariffM nt^turetit otltur 
thr> flto. tno ran^ren. 

Roasted calamine, 1820 lbs. 520 lbs. 

Wood charcoal, ground, 50-1 lbs. 221 lbs. 

Common salt, 36 lbs. 16 lbs. 

Water charged with l-200ths of potassa, 280 lbs. 70 lbs. 

The four first ranges contain sixty-four cylinders, 
whereas tlio following two contain but twenty; the 
remaining spaces being left five for the passage of the 
products of combustion. Two adjoining funiaoes are 
always worked together, and in these one hundred and 
sixty-eight cones ai*e in Operation. During the course of 
the distillation, wliich occupies thirty to thirty-six hours, 
the consumption of wood as fuel amounts to seven 
Imndrcd and fifty cubic feet, and the proceeds average 
eight hundred pounds of metallic zinc. 


Considerable loss of time, fuel, and retoils is incurred 
from tlje intennittont nature of the iirocess. After 
collecting tlio metal wliich falls upon the plate-iron 
flooring, indicated by r r, in the foregoing figures, it 
is n^fined from oxide and other grosser impurities by 
fusion in pots jdaecd in a furnace, represented in plan 
and section in Figs. 034 and 035. After molting the 
metal in the series of pots shown in these funjaces, 
the scum of oxide, carbonaceous matters, et cetera, 
rises to the surface, and is removed by tbo ladle, and 
the purified metal is cast into moulds for Uio market. 

Silesian Method . — In Upper Siles'a the reduction of 
zinc ores is earned on by a dislihing pTocess in a muffled 
furnace, as wDl be described presently. The princi|)al 
seat of the smelting is in Silesia, whore, in 1848, there 
were no fewer than tljiity-fivo establishments for tlie 
distillation of the metal. In the Rhine Province, at 
the same period, there were five, and in Westphalia 
one. With the gt'owing demand for zinc, however, 
these establishments have, during the last ten years, 
been enlarged and rendered more effective, so that 





thoir capacity for working is. greatly increased. It consists df fire-clay, obtained firom Buda 

may bo remarked that the maierid of the muffles and Katto-vvite in Upper Silesia, as Murau 
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in Po]«xi4 ^ prepm^cm, 

u znixed lewsed broken mimm, ^olnb^Bg, 


jUien armealeiil at 0rst at e ^ry moderate 
i, and fin«i% at a lidi red beat In a bu-nace 


properly blended together to give the artIdeB l£e especwyoonstraoted for ^ purpoBe, fiK)in^ 
neceasaiy cohesion and compaotness. The proportion manner of rnaku^ glaes^potB, 
of clay and potsherds is invariably two of Ae fbnuer IPigs. 636» 637, 638, 639, 640, represent the ordinary 
to one part of the latter. These muffles are always Ihmaces, called deruble ooeas, adopted in Upper Silesia 
made by hand, and submitted, to a gradual poursa of for the reductioiL and distillation of sino from its ores. 



They have ten primary large chambers ; but tlicse in 
working are divided into twenty smaller parts, the large 
muffles being so constructod that the back wall is com- 
mon to the two ranges. Fig, €36, is a section repre- 
senting a longitudinal view to tho loft hand, following 
the line A b, and to the right the line c D in Fig. 637, 
Fig. 638 shows a ground plan at 6' c" in Fig. 63G, 
and d" in Fig. 637, in the upper half of the left 
side, and in the under half at a' b' <f e' in Fig. 636, 
and e** in Fig. 637. The portion to tho right 


exhibits the fiimace vertically under the dome. Tlio 
same letters indicate like objects in the several figures. 
Three triangular cast-iron bars, a a a, secured at each 
end in tlie walls of the furnace, bear four iron plates, 
h hf laid transversely, to form the fire grate ; the wholo 
constituting a rose over tho air channel and ash- 
pit. The fiie-door, e, which is lined near the grate 
with a cast-iron box, d, is closed with a door of ifiate- 
iron, the sole of the aperture being likewise secured by 
a similar plate; e e, etcetera, are inclosed troughs, into 



iWidob the dlfiriUed rino trickles from tlie apertures of length of tho oven, and called the hem^-plaU* They 
% letpitfiL base of these is of iron plates,// to are but one foot wide, and proteot, tbet'efbre, cmly^ tbe 
dp^!lron hands are fixed for prevent^ front part of the reoeivers; theioterior oflhek^ 
cd the metal as It falls from the mouths secured by supplementary clesdiy fitting plates, A h, 
Ihe re|pi% Intp, thpin. AH these receivers touehiug the hind part Uf the openings, i », and towards 

$ p, «^nding tbp irb^^ wfakh is the conneetioii between ^ dropping aper* 
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tiires asid receivers. These hearth- plates, hi order Uiat 
they may not be warped by the heat, are fast^ed by 
three cast-iron fluted anchors of the form of the letter 
Z. The walls, I, of the fire-chamber are constructed of 
the best fire-bricks; the connection between the fire 
and fire-door being an inclined canal, m. The upper 
rim of the fire-ohamber is a few incbes higher than the 
receiving troughs, so that the hearth slightly incllucs 
from the middle to the side walls of the oven. The space 
between the posterior walls of the two adjoining ovens 
is filled with sand and rubbish ; n n are side draughts 
for heating the rim muffies, ando o horizontal entrances 
for cleaning the same, which, however, are closed 
during the firing \ p p et cet&ra, are pillars from 
three to five inches in thickness, consinicted of clay, 
and furnished exteriorly with iron plates, g, secured to 
tlie hearth-plates, g These pillars form Uie support 
of the arches of the muffles which receive the retorts, as 
also of the overspanning dome. Tliey should be as 
low os possible, so that the distance from the apices of 
the interior arches and the hearth be not more than 
three feet. The dome of the oven is constructed of a 
composition consisting of one-thfrd part clay and two- 
thirds sand ; its thickness when dry is eight or nine 
inches ; r r are six cap or draught holes, by ojTening or 
closing which the heat can be directed towards any of 
the retorts which should happen to be working unsatis- 
factorily ; $ a hinges or chftiif}S for fastening the doors, 
1 1; it long bracing bars or afichors ; v oblique ones, 
and w upright anchors, all applied for the purpose of 
giving solidity to tlie oven. 

The retorts or muffles, ® aj, are set two and two within 
the muffle arches in the spaces between the pillars,^/), 
and placed as far back as possible, with tlieir 
Pig. 641. open faces to the front. When placed in their 
A f\ pT^oper positions, the spaces between tlicir 
j \ A / 1 walls and the pillars are blocked up with clay 
I '' — 1 cement so as to confine the flame. The mouth 
of tlie retort is closed with a piece of clay 
called the bridge, y, and shown somewhat 
I [T] I enlarged in Fig. 641, It has two openings ; 
^ the under one, a, closed with a clay stopper 
during operations, for drawing out the residuary matter 
of tiio distillation, and the upper one, 6, for receiving 
the neck of the conduit by which the vapors of zinc 
pass to the receivers. The latter part of the apparatus 
is seen in Fig. 642 ; the under part, «, is a clay pipe ; the 
upper part ^consists of the head, and the neck, c. An 

opening in the head of tius receiver serves for introduc- 

Pig.r42. 


nr 


ing the small charging shovel — Fig. 643— to the 

charge within the retort. It is dosed like the opening, 
a, in Fig. 642, daring the distillation. 

Before the muffles are placed in the distiflatory oven, 
they ore subjected to a strong rod ieat in the furnace 


employed for annealing them. They are then placed 
two and two In tlie arched chambers of the zinc oven, 
and charged with a mixture of sixty-dx pounds oi 

Fig, (MS. 


roasted calamine and an equal volume of cinders or 
small coal — forming about five per cent, of the weight 
of the ore — together with a few pounds of oxide of zinc 
and ahstricli or semioxydised skimmings from the col- 
lected zinc. All these are intimately mixed together 
before their introduction tiiroughthe upper opening of tlie 
muffle bridge, the lower aperture meantime being secured 
with a plate and lute of clay. When charged, the neck 
and condenser are fixed in their places, and all apertures 
and cracks safely coated with luting. The iron doors 
in front aro closed to retain the heat, and the firing pro- 
ceeded with. Scarcely a quarter of on hour after tho 
closing of the front doors of the muffles elapses when 
the metal begins to pass over ; nevertheless the distil- 
lation is not in full activity till six to eight hours after 
commencing. As iu the otlier distillatory processes 
already described so in tliis : the zinc, deprived ot its 
oxygen by the coal in the body of the retort, passes off 
into the neck and head ot Uie conduit in the form of 
vapor, and then condensing falls tlirough the descending 
pipe into the plate- iron receivers. The combustion of 
a portion of tlie zinc cannot he avoided, as it is 
impossible to prevent tlje admission of some air into tbo 
receivers and conduits. It is owing to tliis, that a por- 
tion of white oxide is always found in tbo receivers, aver- 
aging from two to four per cent, of tlie metal obtained. 
At the close of twelve hours all the metal is extracted, 
and a second charge is introduced, without, however, 
clearing out the residue in^the retort uutil at tho end 
of the second operation, at wdiich period a new bridge 
plate may be supplied if necessary, or any other repairs 
made. Care should be taken to change the muffles of 
both workuig sides of the oven every six hours after 
tlieir setting in. 

When* the calamine coutauis much cadmium, it is 
found that the first portions of the distillate are very 
rich in this metal; and the oxide produced by tlie 
combustion of portions of tho metal in the neck of 
the retort is likewise richer in oxide of cadmium, both 
effects being due to the volatility oi the cadmium 
being greater than that of zinc. Six hundred pounds 
of roasted calamine are worked off by a furnace of 
ton large muffles in twenty-four hours, with charges 
for each retort averaging six pounds. The e^mated 
consumption of coal per every hundred of zinc obtained 
is twenty-eight cubic feet; the loss ot tbo metal is 
estimated at eight per cent.^ and of large mul^fl 
twenty-eight for (wery thousand pounds of zinc ob^ 
tained The average produce from the calam^e 
operated on w about fifty p^ oent. In fhefmm of mctol 
and oxide. But as the ore varies in itscontent of 
of zinc, so also does the }^ld. To pu^ Jbe 
resulting from the first dMlatiott, it m m4ted th iron 
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pold,^ and the sbnihi exido and oi&er MpsiMeB 
ae^tated. This at&otmta to eight |>eir oetit. ; tmt as It 
oontaiiiuf about seveuty pet cent. M tuetal, and fe iub- ' 
mitted to a new reduction, a considerable amount of it 
is recovered. 

At Eloster, whore blende ill worked, the apparatus 
and system of reduction are the same as that just 
desoribed, with the exception of the roasting furnaces, 
in which the sulphide of zinc is converted into oxide. 
These are also Ihe same as those that have been pre- 
viously described, and consequently need not be further 
referred to, 

Patbkt Froobsses. — ^The only patents connected 
with the manufacture of zinc which are of any import- 
ance, are those of TltouGirroK and Graham; the 
former sealed in 1839, and the latter in 1845. Other 
patents have been secured, but ihe Editor deems it 
unnecessary to dwell upon them. 

Trotjghton’s patent professed to deal with blende, 
and prescribes a form of furnace for tlio roasting, as 
also for the reduction. The first of these is in form 
like an ordinary reverberatory, with, however, three 
floors or heartlis, on each of which the ore is spread, 
the heated gases and flame passing from the under 
chamber into the middle, and thence to the upper one, 
after which the gases proceed into the chimney. The 
connection between the •several floors is made by 
apertures, covered by fire tiles during the roasting, but 
which are removed when it is necessary to transfer the 
ore through tliese openings from the upper to tlic 
lower ones. By apertures at the sides the contents of 
each floor arc rabbled in the usual way. The charging 
of the ore is effected tlirough hoppers at Uio top, and 
when roasted ft is raked out into receptacles beneath 
the lowest hearth, by the workable openings already 
mentioned. A close fire, charged with fuel, which 
may be anthracite coal, and urged by a blast, affords 
tlie requisite lieat; tlio opening for introducing the fuel 
being secured by a cast-iron cover, with a flange 
descending into a groove which may be kept filled 
with water or sand to prevent the escape of hot gases. 

The fire by which the smelting of tlie roasted ore is 
effected is similarly constructed, and tlie combustion 
maintained by a blast of hot air. Tliough the plan 
as detailed in the English system is followed, yet 
the details are very different; the receptacles for 
the reception of the roasted ore and coal are con- 
structed in the form of a trapezoid, tlie front part 
being movable when it is necessary to charge or clean 
out file retorts; but during the distillation it is securely 
luted in its place. Two ranges of retorts are placed 
back to back in a gallery, and the heat from the fire 
conducted beneath and over them by a proper disposi- 
tion of the flue ; and for the purpose of economizing 
heat, the patentee directs that the retorts he so fixed 
that they may be heated by a fire from both ends of 
gallery. A pipe opening into the retorts, and lead- 
ing to teoeivers in a confined arch beneath the hearth, 
serves to cany off tlie distillate or zinc. When 
(Charged and in working condition, the retorts are 
^pi»d iubjran iron door before each; the space above 
t£ie retorts wherAi tlie ore is previously heated, is 
likewise approached by sfiding doors, with the view of 


reihde#^ 'fro introduction of ore and its ' vfltbdrawal 
more ea^. 

lA patents, sealed in 1844 and 1845, the 

j^rstem of distillation jpsr de^cemm is adopted; im- 
provements being daimed for the arrangement of the 
apparatus and furnace, as well as for the method of 
making the cylinders or retorts in which tlio decompo- 
sition of the prepared ore is carried out. The mixture 
which the patentee finds most suitable for the body of 
the refractory bylindors just motioned, consists of one 
and a half hundredweight of Ceylon black load ; six 
hundredweight of Stourbridge day ; and one hundred- 
weight of potsherds. Tliese ingredients should be well 
pugged and tempered, and cut into pieces of convenient 
size, care being taken that no excess of moisture be used 
tliat would prevent tlie proper cohesion and tenacity of 
the mass when ramming it into the mould. Fig. 644 
represents the furnace and the position of the cyUnders 
and other objects. A, A, are a series of pots, of which 
the number shown in the furnace is sixteen, but more 
or less may be employed, according to circumstances. 
The. heat from the fireplaces, n, B, enters into the 


I 



arched chambers, c, c, and circulates round tlio cylin- 
drical retorts let down through tlie arches, n, p, and 
thence into the flues, as shown by the arrows, and 
finally by the openings, F, F, into tlie chimney. The 
pots. A, A, rise above the arches, P, D, and pass through 
the covering of brickwork, E; in like maimer their 
outlet penetrates the bed of the arched chamber of 
the furnace, and opens into the receivers, o G, beneath, 
through movable pipes, J, J, and stationary ones, 1, l, 
the latter are constructed of iron and lined with clay, 
or have a movable claj; cylinder fixed within them; they 
have an iron flange of two inches built in and through 
the bed of the furnace, in which is a projecting ring or 
groove, 2 z, to receive an iron ring that forms the 
projecting rim just referred to, and whidi fits into a 
corresponding depression in the bottom of tlio pot, and 
thereby fonn8,'with the aid of a littlo luting, a tight 
joint. Y, Y are rings made of fireclay and potsherds, 
built into the bed of the furnace, flush on the outside, . 
leaving a space of one inch and a half inside, as showiv 
to form a seat for the pot. w, w are holes in the walls 
of tlie furnace, which admit of maiMag an inspection of 
the pots when necessary. 

In chargkig the pots, the pipe, J, is stopped ffom 
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b6aea& the famem^ and a man holds «teady> the 
internal tube, h — v^h. has its top coirQt^d**^wtil 
some of tlie charge is mtroduoed; the Tomaindei^ 
then filled in 'without fear of dbturhlng the position of 
tlie pipe. The cover is now pkoed on the pot and 
luted, and the plug securing the pipe, j, withdrawOf 
and the distillation allowed to proceed by urging the 
Hres, B, B, B. When ah the metal has been drawn 
the refuso matter remaining in the pots may be cleared 
away by removing the cover and the intenial pipe, and 
poking it out through the pipe, j, into tho subjacent 
chamber. 

In the other details the directions which the patentee 
gives are analogous to the general routine, ahmdy 
sufhciently described. 

Mr. Ckookpobd of Ilolywoll, Flintshire, has latterly 
patented a method of roasting blende preparatory to 
its smelting, by which all the sulphur is obtained as 
sulphuric acid. This he effects by employing a fur> 
nace the heat of * which passes beneath the floor on 
which the powdered blonde rests. At one end of tliis 
furnace, the blende is continually introduced in small 
portions at a time ; and in its passage from tliis to the 
discharging end of the chamber, in addition to the heat 
from the floor, it is acted upon by a current of super- 
heated air, in order to convert tlie sulphur into 
sulphurous acid. Tlie eliminated gases may bo con- 
ducted into an ordinary loS&on chamber, and nitrous 
vapor and steam supplied from other departments in 
the usual way, to convert them to sulphuric acid. 

After tlie depig'otion of tlio rino distilled from tlic 
ore it is sold to the manufacturer, or immediately 
applied to one or other of the many purjioses for which 
this metal is now so generally used. The working 
of zinc into useful articles was fonnerly regarded as 
a diflicult operation, owing to its brittleness when 
worked at a high temperatui'c ; by later improvements, 
however, it con now be rolled and modelled into any 
desired shape easily as any other metal. Prejiara- 
tory to rolling the zinc, the ingots which come from 
the smelter are melted in pots placed in a reverberatory, 
such as is represented in Figs. 030 and 631. The iron 
pots, which are very thick, are rapidly attacked by the 
zinc, an alloy of the two metals being formed, whicli 
is considerably less fusible than the zinc alone, and 
therefore adheres to tho sides of tlie melting pot. 
Besides being less fusible Bian zinc, it is considerably 
harder and more brittle, and hence, when a small 
(luantity of it gets diflhsod through tlie metal in the 
casting of tlie plates, tliose portions do not laminate 
under the rollers, bijt break, ahS thus a bole is pro- 
duced. All tlie fusible metal is first cast into moderately 
tliick rectangular plates, wliich are passed under rollers 
of flic ordinaiy kind as they cool. During the lamina- 
tion it is necessary to heat the metal from time to time 
to a temperatec ranging between 270® and 300®, pass- 
ing it, after each heating, under tlie rollers. By 
repetitions of these operations, and keeping the metal 
as near 212® as possible, tho sheets , may be reduced 
to any degree of thinness. Sheets of zinc, manufac- 
tured in this way, are in very extensive use for roofing, 
and generally for applications requiring mudli exposure 
to the infiuence of the air. The mq^ is also fomred 


intowatcr-taoitn, baths, spe^ 

inuob used covering or 

reader it less ;lialak 4o oxidize when 

act^ JtM valuable fw the 

k gilviMte apparatus, for the engraver in the depart^r 

mant known as zincography, and latterly'ii’ bee been 

advantageously applied in the sepaxatioa oif irilver from 

its alloys with lead. 

Alloys OF Zinc.— Ibie principal allays of rinoare 
those which it forms with copper, iron, and tin. Tliose 
with copper, the reader wil] find described under Brass, 
in the article Copper, and the others will bo briefly" 
described here. With iron zinc fonns a hard, brittle 
alloy, at a moderately low temperature, but in proportion 
as the amoimt of ono or other of the metals is increased, 
these qualities disappear, and the zinc retains its duc- 
tility, or the iron seems to acquire greater tenacity. 
The ductile state is exemplified in tlie ordinary zinc of 
commerce, which retains a quantity of iron, sometimes 
from one to two per cent., and the second or tenacious 
state is well illustrated by the experiments of Nasmyth 
upon galvanized iron, the results of which showed that 
this alloy welds well, and is not only fully as ductile as 
tlie best iron, but acquires greater strength or tenacity. 

The experiments were made with some zinced wire 
rope, which was worked up and welded into a bar. 
It was observed that, although tho iron wire was quite 
covered with tho zinc, the portion of the latter metal 
which was retained at tho welding temperature of the 
iron, or even tlie portion of oxide of zinc produced, 
offered no impediment to tho welding. The me- 
tallic bar produced was remarkably tough, silvery- 
grained, and witlistood punching, twisting, splitting, 
and binding, in a manner which showedsthat the iron 
was not only excellent, but actually improved in quality 
in u considerable degree. Another trial was made by 
welding a pile of clippings of zinced iron idates, as in 
tlic preceding experiment. The presence of the zino 
seemed to offer no impediment to tlie welding of the 
iron, and tho bar produced presented, on being frac- 
tured, a beautiful silvery grain, as good, if not superior, 
ill aspect to the finest samples of low-moor^ or howling 
iron. Bars or hlooma of the alloyed iron, rolled into 
rods and tested in the cable-proving machine, indicated 
from five 'to ten per cent, more strength than the best 
samples of wrought-iron ; thus evidently showing that, 
so far from being injurious, a small amount of zino 
alloyed with iron has tlio contrary effect. Bars of iron, 
prepared according to the last-mentioned process, were 
heated to the tomporature of welding, as when con- 
verting Biem into sheathing in the usual manner, on 
drawing them from the fire, a handful of zinc filings 
was thrown on the welding surface, and the welding 
proceeded witli. In this severe test no apparent im- 
pediment to the process resulted} the iron welding as 
well as if no zino were present. Judging from the 
appearance of the metal welded up from the zinc- 
covered iron scraps, not only ns respects its clear 
silvery aspect, but as to tlie increase of 8ti*ength which 
it exhibited under proof, it may not be unreasonably 
to infer that some important improvemfio^t might be 
made In the manufacture of iron by the aoti^ 
diicrion of myta^c zinc in some, mm ^ ^ w 




1 , „■, y,.,.,u^,.^, .^,„, 

- ■ 


Zllk^-«>^UMLiRli^ Ibok. IJ^ 



;' jjjgm !jMr’a«tooi» ia lilW'iwd- 

peeiAfi^dm fem of tinned hun fdatesi mehm tmi 




this material would be too expendve for 
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jwwmy of the appUootloiHi in whkh iron might be 
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prove tbatr m iait Am 

dw^[dayed vdlh advantage could its oxadizmg ten* 



t 0 the qnufity of iron, the eino «rp|94ais to hm tsMlMr 

ZfawofBuxadie^paeubatit 



an4Apronqg ^feot, «iid 

and of kte yearn 4he produodon and appHcation or 



lead to ^ :lk^ that mw df the intdllgex;^ 

gaivaniaed iron is on the increase. Although Melouih 



montifaoturers may give the inquiiy atteiiitionj ne oe to 

discovered the method of preparing zinced or white 

< 


pmvo by espenment hi the pniddling ihinace^^ or at any 

km so early as 1742, atiU its applicarion did not 



other stage of the prooees, iiihetimr benefite above 

neceiua much Wttmition, till of late years Souel drew 



meniioiied ^)an be realised on a krge scale. It may 

attention to the manufacture; but Melouin’b direo* 



be stated, as a curious corroborative fact, that the 

tions, vritli slight modifications, are followed even at 



strongest east'iron made in Belgium, sheeted for 

present in the manufacture of t^ article. The iron to 



the manufacture of guns, is made an iron ore in 

be covered is deprived of its coating of oxide by on 



\vhich a compound of sine forms a coumderable portion. 

acid bath, composed of sulphuric acid and water, or of 



Whether the superiority of this iron is due to the 

hydrochloric acid, or a mixture of equal volumea of tlio « 



presence of sine, is a question ^ but tlie results above 

two acids and water, in which it is immersed for a shoit 



detailed would tend to lead to the supposition that such 

time; it is Ihen scrubbed with, sand or emery powder 



may be the case. — Ure, 

until the surface is cleaned ; after which it is immersed 



The results of Nasmytii, recorded above, are op* 

in a concentrated solution of chloride of ammonium. 



posed to those of Gehlisk, who states Uiat when 

taken out, and subsequently introduced into a bath of 



cuttings of zinc and iron aro ignited together, part of 

melted sdne, covered with fatty matter, or colophony, to 



the zinc evaporates, while the rest penetrates the iron 

present oxidation, and stirred in it till the zinc forms 



and makes it denser and very brittle. Doubtless the 

an alloy at its surface. The coated metal is tlion, in 



clilforencc in the results must bo attributed to the rela- 

some instances, introduced into a second bath con- 



tive proportions of the respective metals in tlie alloy. 

sisting of melted tin, such as is used for tinning thin 



The hard, britUo compound of zinc and iron produced 

sheet-iron, when a slight coating of tin is formed on 



in the pots where zinc has been melted for a long time, 

tlie exterior of tho plate, nr bar. Of late years tliis 



or in wliich the zincing of iron plates has been effected, 

second bath is gener^ly dispensed with, a few pounds 



was examined by Beutuier, who descriljes it as a 

of tin being added to the zinc bath to produce the 



bright crystalline body, having a mammillated texture, 

same effect. 



and composed of concentric layers, very hard and 

According to MalIiEt’s specification, the plates or 



brittle, and less fusible tlian pure zinc. It dissolvos 

bars are immersed in a cleansing bath, composed of 



readily in dilute nitric acid, and leaves a micaceous 

equal parts of sulphuric acid, hydrochloric acid, and 



residue of a non-mctallic nature, which he tdbns pure 

water in a warm state. After immersion tlie. scales are 



plumbagino, produced, doubtless, either from the 

detached by hammering and scrubbing the plates with 



carbon employed in the reduction of the zinc ores, or 

emery and sand, and a thorouglily clean surface pro- 



from tlie ca8t..iron of the pot. Its density was 6*7, and 

duced. It is now to be immersed in tho preparing 



its composition— 

bath, composed of a saturated solution^ of ohlorido of 



C«nt8ilina11y> 

zinc and sulphate of ammonia; after which it is trans- 



« Zinc, .94*76 

ferred to a bath formed of six parts and a half of zinc 



Iron, 5‘00 

Plumbagiiie, or graphite, 0'24 

and one of mercury, heated to the melting point of the 




former metal; in addition to whkh tho patentee directs 



100*00 

the addition of one pound of potassium or sodium to 



• 

every ion of the preceding amalgam. When fhe im- 



Ckikfanused Iron. — ^The composition wliich forms 

mersed iron has attained the temperature of the bath, 



such an extensive article of commerce and general 

namely, 680*’, it is withdrawn, and is found coated witli 



application in the construction of corrugated roohng, 

a metallic layer, of which zinc forms the principal 



and, in fact, entire buildings, spoutings, ships’ sheath- 

constituent. The affinity of the above alloy for iron 



ing, buckets, and various articles in household use. 

is so great that it entirely disintegrates the iron plates, 



consists of iron plates coated with zinc, and sold under 

or other articles of this metal when they ore thin, 



the above inappropriate title. Iron, though possessing 

or possess but little body; and to guard against this 



so many admirable qualitios, such great tenamty, infu* 

inoonvenionco, the patentee suggests that some Wrou|^t- 



sibility, and the very important cme of welding, is, 

iron should be allowed to dissolve in the triple alloy 



unfortunately, rapidly acted upon by air, moisture, and 

previous to the introduction of small articles, such as 



dilute adds, to such an extent as greatly to Impair its 

wire, nails, light chains, and similai: objects for gdvon- 



Utilfty. It possesses the proiieily , however, of combin- 

iadng. Another means tff coating iron with zinc is by 



ing with other metals, and hence it can be readily coated 

electricity, and the use of a batii fonned by the solu- 



with such; but those metals which possess the persist- 

tion of freshly precipitated oxi^e of zinc in a saturated 



ent qudllies that iron wants, are too dear, and there* 

aqueous solution of sulphurous add,;or of that of the 



fam Ihoir g^eired uppUcari<Hi is opposed by the great 

double chloride of zinc and ammonimn. A modexatsfy 



e^Onae ^hdruse would involve the mam^* 

dilute balh and a weak ootvetit answer beri^ Tliis 



Coated iron is familiar to most 

method is not advantageous In a manufacturing sense, 
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the ehspler mode of immersion being more expeditious 
and less costly. 

Though iron coated with sdoo is unqueshonahly 
better calculated to resist atmospheric influences with^ 
out rusting than when it is without such covering, still 
zincing it is very far firom being a uniformly sucocssful 
protection against its oxidation, and in some cases it 
increases rather than diminishes tins tendency of the 
iron. I^ofessor Callah proposed an alloy of load 
and antimony as a substitute for the zuic ; but though 
the disadvantage experienced in many instances as 
resulting from the employment of zinc are certaiiily 
diminished by the use of the alloy, still the cost of tlie 
latter precludes its adoption. 

ApplicatimB of Zinc, — ^Besides its long-practised 
^ application in the production of brass and other alloys, 
such as German silver, tutenag, et cetera^ which the 
reader wiU find described under Copper, zinc has 
been employed extensively in the form of sheets for 
the manufacture of baths, water tanks, buckets, pails, 
roofing, spouts, pipes; as a chcaj) and more durable 
substitute for sheet and japanned iron, such as arclii- 
tectural ornaments, street lamps ; and for making nails, 
bolts, wire for preserving iron, applied in the form of 
wire plates to the numerous uses which are everywhere 
to bo witnessed ; as a substitute for bronze in statuary, 
for which purpose it has b^ found, in cspcctive of its 
color, to answer exceeding^ well. It is also exten- 
sively employed for the posilive plates of electrical 
batteries, for engraving music, in anastatic printing, 
and numerous other forms, alone and compounded with 
other metals. In its oxidized and salified state it has 
another extensive field of application, both in the 
industiial arts and in incdicino, as will bo noticed afrer- 
wards. 

AcBay of Zinc Ores. — The estimation of the amount 
of zinc in any of its ores by the dry method of analysis, 
is exceedingly difficult. As, however, the metallurgist 
may desire to have an approximation of the quantity 
of metal which he can probably extract from any 
ore, the following brief statement of the operation is 
submitted here, reserving fuller instructions for tlie 
analysis of zincous bodies in general for tlie end of 
tlie article. 

Bektiueb, who has made numerous experiments on 
the subject of tlie assay of zinc ores, divides the latter 
into four classes, for each of which a particular method 
must be pursued. These are, firstly, ores in which 
the zinc exists as oxide^ or ea/rhonate of the oxide] 
secondly, those in which the zinc exists wholly in 
part as silicate of the oxide; thirdly, ores in which the 
zinc is entirely or in part in the fonn of sulphide ; and 
fourtidy, alloys of zinc. 

To reduce ores of the first class, it is only requisite to 
mix them intimately with charcoal, and expose the 
assay for a sufficient time to a white heat in an earthen 
retort, having a long neck kept sufficiently cool to con- 
dense the metallic vapors that are exprfled by the heat 
from tlie reducing mass. Care must be taken that no 
air be admitted into the retort, for this wotdd induce 
the combustion of the metal while k a of vapor; 
its neck should therefore tennkaie in a small opening, i 
' or. an adaptor of glass drawn to a point be fixed to it | 


by luting. During the reduction the knowing wiplo 
interchange takes place 

ZuO + 0 a= Zn + CO 

r — r-- ■ ' 

Oxide ofahio. Oetboa. UeUl. Qxrlioiilo pslda. 

Even when the reduction is thoroughly ^l^eeted, it 
is most difficult to detach the incrustation of metal 
sufficiently complete for accurate determination. To 
facilitate this the neck of the retort is coated interiorly 
with plumbago to diminish the adhesion of the distilled 
zinc to tiie body of the apparatus. When all the metal 
is reduced and driven over, the assayer is often necessi- 
tated to break oft the neck of the retort to enable him 
to collect the metal, and not unfrequently to dissolve 
the adhering particles with nitric acid, and evaporate 
and calcine tlie residue, adding the four-fifths of its 
weight to that of the metal already estimated. 

Anotlier process by which the estimation of the zinc 
may be indirectly made is given as follows : — A certain 
portion of flux is added to the weighed ore, submitted 
to the tost, and the whole heated at the temperature at 
which the assaying of iron is usually conducted in a lined 
crucible. The button of slag containing granules of iron 
resulting from tlie ferruginous matter in the ore, is 
weighed, then ground in a mortar, and the iron, sepa- 
rated by a magnet, likewise weighed. After deducting 
the iron thus estimated from the total weight of the 
button of fluxed matter, the remainder is added to the 
oxide of iron, corresponding to the amount of tliis metal 
found as ajjove. Tlie combined weight, deducted from 
that of the dry ore and flux, leaves a difference corre- 
sponding to tlie zinc cx^iclled during tlio assaying in 
the fire. Again, if the quantity of tlic fixed flux 
employed be taken from the weight oi the button of 
slag obtained minus tlie iron, tlie dilTercuce will show 
the silieious, earthy, and otlier unrcducible matters 
associated with the zinc. 

In the examination of ores of the second class, 
charcoal alone is insufficient to effect the decomposition, 
and therefore a flux is employed which, by combining 
with the silieious matter, liberates tlie oxide of zinc, 
and renders it subject to reduction by the carbona- 
ceous matter. Lime or magnesia ai'e the agents 
usually adopted. 

Wfaen 'ores of the third class arc under examination, 
the weighed sample is roasted, to convert the whole of 
the sulphur into sulphuric acid and partly expel it by 
the heat ; after which the reduction is ei&cted in the 
same 'way as directed for the determination of the 
metal in the first class of ores. 

Alloys of zinc with fixed metals, or the compomids 
of the fourth class, are examined by adding a deter- 
mined weight of fixed fiux, mixed with soind cku'!* 
coal, and heating in a lined crucible at the temperatme 
of the iron assay ; all tibe zinc is volatilized, and from 
the loss of weight so sustained the amount of riuo is 
estimated approximatively. If the alloyed metal be 
of a volatile nature, this course will not afford true 
results, and the estimation of the constituents of the 
compound must be effected by the humid assay, which, 
indeed is the most trustworthy, and in the end tire 
most expeditious for the analysis of all zkcika 'COUt** ^ 
pounds. 'V . 
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vrHii lOnicst the whole of the iBetafloids tlfiid ti^ ra^- 

article* In the secoild method the impuritiee^ eidsting 



cals, producing coimpounds, which In all ibstanoes are of 

in the zino can be removed previous to ^e precipitation 



great importance in the arts, and hare consei^ently a 

of the oxide, and consequently this method is preferred 



veiy extended application. Its oxygen salts, like those 

when it i$ important that ho foreign matter should exist 



of thagnesta, have the pi^erty of forming saline com- 

in the preparation. 



pounds with other substances, the importance of which 

In operating by the first method, a hessian cnicible 

' .'r f 


is entirely confined to the department of scientific 

is filled with zinc to one-eighth its capacity, and then 



chemistry connected with stoichiometry. Another 

placed in a wind furnace so inclined that the lower 



remarkable behavior of zittc Is, that It readily oombines 

part rests upon its edge on a piece of tile at the bottom, 



with several organic radicals, such as ethyl, methyl, 

whilst the upper part is supported by the rim of the 



and radicals of the alcoholic series of compounds, as 

furnace. The fire is then urged till the crucible and 



shown by the very scientific researches of FiiAKICuaND 

contents attain a strong red or white heat. At this 



and others. Several of the combinations of this metal 

period a scum of oxide appears on tiie metal, and must 



are employed in medicine ; and, by a remarkable coin- 

be removed with an iron spatula as fast as formed, till 



cidonce, these so employed are most useful in many 

the combustion of the zino is completed, when a fresh 



industrial applications. It will be sufficient to describe 

charge may be introduced. The oxide as collected is 



here the oxide, the carbonate, sulphate, acetate, and 

placed upon an iron plate to cool, and is afterwards 



chloride of this metal. 

rubbed up with water to the consistence of a thin pasty 



Oxide op Zinc. — T his compound has various desig- 

moss, which is next diluted largely, allowed to settle for 



nations, most of them given by the alchemists. Its 

a few minutes and tiien decanted, more liquid being 



ancient synonyms were nihil album, Iona philosophica, 

agitated again witii the subsided matter, and treated, 



flowers of zinc, pompholyx, and occasionally it is still 

after a minute or two^s repose, in the same manner. 



known as flowers of zinc or flares zinci. When sub- 

By continuing tlie treatment so long as the decanted 



mitted under certain circumstances to the influence 

liquors flow off milky, all the oxide is separated from 



of air and moisture, zino is acted upon in various 

the metallic matter which escaped ignition in the 



ways, all of which result in producing the oxide, 

crucible, and which may he introduced with another 



or a compound from which the oxide can be readily 

portion of zinc to undergo* fresh combustion. All tlie 



prepared. Thus, when the metal is heated to redness 

decanted liquors are collected together and allowed to 



in a free current of air, it bums with a brilliant 

subside perfectly, when the clear water is poured off. 



bluish -green flame producing oxide of zino. Again, 

the deposit thrown upon a cloth filter to drain, and 



if the zinc bo exposed to air and moisture, it is traris- 

finally it is dried at a gentle heat. The yield of zinc 



formed into tlie same compound ; or if carbonic acid 

oxide obtained in this way, when the whole of the 



should bo present, into a basic carbonate of the oxide. 

metal is burned, will bo somewhat more than the 



In these cases, simple and direct oxidation takes place, 

weight of tho zinc employed. 



the oxide combining, in the latter instance, with a 

"Vnien the oxide is tb ho prepared by the liquid 



certain amount of carbonic acid. This is the natui*e 

process, rectified sulphuric acid, diluted with ten times 



of the change which is produced on tlie surface of zinc 

its weight of water, is poured upon the zinc previously 



exposed to the air, as in roofings, et cetera, and which 

rolled into thin sheets, or granulated by pouring it 



conduces so much to its preservation. It is illustrated 

whilst in a molten state into a vessel of water, employ- 



by tlie following equation : — 

ing an excess of the metal with the view of causing the 



6Zn + O5 4- 2CO2 -rr ZnO, 2 ZnO,COa 

foreign matters, such as lead, tin, cadmium, bismuth, 




arsenic, et cetera, to be precipitated ; or a solution of 



'M«Uille slnr, Ozyffpit. Carbonic neid, llule earboD»t« of oino 

ciystallizcd sulphate of zinc in thirty parts of water 



When zinc is dissolved in sulphuric or nitric acid. 

may be taken, immersing in it for forty-eight hours 



the oxide is freely formed, though only in the pro- 

a few thin plates of zinc, which act in tho removal 



portion requisite to produce a salt with the acid 

of any foreign bodies in ti^e same way as the excess 



employed. In this state it exists in Uio salified state, 

of metal in tiio foregoing method. The clear solutioii 



but on abstracting the acid by interposing a stronger 

is decanted in either case, or strained, if necessary, 



base, such as soda, the hydrated oxide falls, thus-^ 

and a hot concentrated solution of carbonate of so^ 



ZnO, SOa + NaO, HO != NaO, SOg -f ZnO, HO. 

is added to it as long as a precipitate forms. This 



The same change takes place when the solution of zinc 

precipitate, which settles much more readily when 



in hydrochloric acid is acted on, although the oxide docs ! 

thrown down from hot solutions than from cold oz^S, 



not pre-exist in the menstruum, for at the period of the 

is now washed witi) hot disced water by decantation. 



removal of tfio radicid of the salt the oxygen of the pre- 

till no further trace of sulphuric acid is detected in tho 



cipitant is assimilated by the zinc, as shown in the 

washings with a solution of chloride of barium. After 



equation — 

thorough washing it is collected on a (fioth allowed 



ZnOl + KaO, HO =s ZnO, HO + NaOl. 

to drain, pressed and dried, and finally heated to mdness 



Oxide of ape Jsprepared either by the ignhaOn of 

in a hessian crucible, till the whdlef of tbe ckrbonlc acid 



; metal in a ouirent of air, or by its solution in acids 4nd 

is expelled, as evidenced bjr its imt ilTervesomg on the • 



subSe^eut profs^itation by any <«)nvenient a^t. If 

addition of dilute acid* 



'pm^ be reqiikbd, iBie first meftbd wiU 

Oxide rf rinc is a white, taateleel| 



utidessiSie metal beilipe>s tern afi 6 

iiiodorous powder, which at red h^ acquires a yeUoW 
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cdOTf vanisbea on cooling. Wlien subjected to a 
beat it melts bto a ydlow ^assy and at a mh 
tamed white heat volatilises. It is insoluble in water, 
but readily soluble in acids, giving rise to tibie corre- 
sponding zino salts. When freshly precipitated, oxide 
of zinc is readily soluble in alkaline solutions, as also 
in concentrated ones of sesquioarbonate of ammonia, 
producing compounds in which it assumes the charac- 
ters of a salt radical that are called einoates. Heated 
widi charcoal it is readily reduced to the metallic 
state. 

Uses . — Oxide of zinc is employed principally in 
medicine. Latterly, however, it has been successfuUy 
introduced as a substitute for carbonate pf lead — ^white 
load — ^in the manufacture of paint; and to meet this 
' extended use several processes have boon devised for 
its preparation, to wliich reference will be made pre- 
sently. The oxide has been prescribed in some cases 
of epilepsy, chorea, hysteria, catalepsy, and hooping- 
cough, as well 06 in some painful a0botions of neuralgia 
and gastrodynia, with occasionally good efibet, though 
its hroquorit failure has shaken the confidenco of 
practitioners in its olBcacy. It has been found service- 
able in five-grain doses, combined with extract of 
henbane or hemlock, in colliquative perspirathSn. It is 
useful as a desiccant to allay or prevent excoriation in 
children, as well as in ca^ of chronic skin diseases, 
attended with profuse sd^otion, and also in other 
ailments of a similar nature. * In largo doses, oxide of 
zluo acts as a slight irritant and causes vomiting, and 
by long-cototinuod use it acts as a slow poison. 

Oxide of zinc is composed of— 

• Atomic weight. Oe&tMimany. 

1 Eq. of zinc, 32*0 . , . . 80*0 

1 Eq. of oxy^D, - 8*0 20-0 

•40 0 .... 100 0 

Its chemical symbol is ZiiO, 

Chloride op Zinc — Muriate of sine; butter of dnc. 
— This compound of zinc has long been known and 
applied in medicine. It is prepared by adding hydro- 
chloric acid of specific gravity 1*130 to granulated 
zinc portionwise, and applying heat till the latter is 
dissolved. Four parts and a half of acid are required 
for every part by weight of metal for its perfect solution. 
A few fragments or thin plates of zinc are introduced 
j into the solution, and set aside for twenty-four hours, 

I during which time any lead, tin, antimony, cadmium, 

I or oilier metals of tins class that may be present in 
; Oio liquid, ore precipitated ; afier this, Uie clear liquid 
is separated by filtration from the deposit tliat may 
have fonned, and about one-sixteenth of its bulk pre- 
cipitated, with a very slight excess of carbonate of soda, 
the basic carbonate separated and well washed while 
on the filter, and then introduced into the remainder 
of -the liquid. Chlorine, generated in the usual way 
from binoxide of manganese and hydrochloric add, 
is now passed mt;Q the menstruum till it smells of . the 
gas. A further period of twenty-four hours is given 
to the liquid to stand, and if, after tliis period, a por- 
tion of the clear solution exliibits any in^'cation of the 
presence of iron, either by giving a Wuiith-hladc color 
with tincture of galls, or by striking a deep blue with 
iferricyanide of potasdom— :^d pmssiate. A fitfthcr 



portion of the liquid is taken and precipitated , ‘viith 
carbonate of soda, as abovei and tha maaa so obtained^ 
after thorough washing, is added to the liipidr con* 
♦Ainingr the zino, aUowed to digest for a finiher period, 
and afterwards tested for the presence of iroh in the 
manner indicated. If necessary, the process is to be 
repeated a third and a fourtli time, or until the whole of 
the iron is separated in tlie form of sesquioxide ; but it 
rarely happens that this metal remains after the second 
digestion. After filtering from the fonned deposit, the 
liquid is evaporated in a porcelain or hard stoneware 
dirii on the sand-bath, taking care, as it becomes denser, 
to keep the contents of the vessel constantly stirred, 
till the whole of the water is expelled. Chloride of zinc 
remains, and should be transferred, whilst still hot, to 
well covered vessels for use. When it is necessary to 
deprive it of the whole of the water, the residue from 
the evaporation should be introduced into a glass vessel 
with a narrow neck, and heated at a higher degree, 
till the chloride of zino begins to distil, at which jieriod 
the fused matter is poiund out on a slab, and when 
cooled broken into fragments, and preserved in well- 
stopped bottles. ' 

In tlio preceding process the action of tlio acid is 
simple and well understood, its chlorine uniting witJi 
the metal, while its hydrogen is disengaged, tlius — 

Zn -f H 01 = Zn 01 -f H. 

The action of the chlorine is to convert the iron, which 
always exists in commercial zinc, from tlie state of 
protochloride to which the hydrochloric acid reduces 
it, to that of sesqnicldorido, as shown in the equation — 
2(FeCl) + Cl == FosClg 

|*n>toohlaii(l« OMortna 8es(;iilchlorl<le 

of Iron. of '.‘MU 

with the view of precipitating it subsequently with the 
basic carbonate of zinc — 3 (ZnO, IIO) 2 (ZnO, COj,) — 
produced by the carbonate of soda in the portion of the 
liquid submitted to its action. The mamier in which 
its separation is chemically effected may be represented 
thus — 

6 (Fe, CIb) f 3(3 (ZnO, HO) 2 (ZnO, COg) ) =: 

^ ^ V— .. . ^ • 

Bomulcblutido of iron. Basic carbonate of zinc 

6(FeBOa) 4- 15ZnCl -f 6 COj -f 0HO 

/ * \ /— — \ r ■* » » 

0e«quS«xi<lo of Cbirriile nf Cisrbonle. Watisr. 

iron, zino. acid. 

that is, tlireo equivalents of the basic carbonate convert 
five of the iron salt into five equivalents of insoluble 
sesquioxide, being themselves reconverted into fifteen 
equivalents of the chloride of zinc by the assimilation 
of the cldorine from the iron compound. 

Chloride of zino maybe prepared by other processes, 
such as heating equivalent weights of oxide of zino and 
chloride of ammonium, or by dj^tilliiig a mixture of 
dry sulphate of zinc and chloride of sodium in a retort, 
the Bubstanoes being employed in the ratio of their 
equivalent weights. In either oaso chloride •of zinc 
results, the change in the formet being NH^ Cl+2aO 
=; NH^ 0 + Zn €1; and, in the latter, ZnO, SO, rf* 
Na Cl = Zn 01 + NaO, SO,. The salt in ftmt 
formula remains after the expulsion of the amnioifllill ; ' 
but in iieooud instance it d^tils OTer^ Ibe ; 







of 8ocU in letort. !«, however, 

geiaereJly ^veiitothe;iiat^od/Qf pi« aoluti<m. 

©f rfric, dojprivad by toioii of 
all moifitturo^ is a^lutish-groy, semitransparent soft tmtss, 
Mke wax, that melts at a te^nperattiro below redness, 
and at a higher degree of heat sublimes, being at the 
same time partially decomposed into a basic chloride 
of zinc and an acid salt, which collects in crystalline 
needles in the receiver, and oxide of zinc retaining a 
little of the chloride that remains in the retort. Exposed 
to the air, the salt rapidly attracts moisture and deli- 
quesces. It has a burning, nauseous, sudine taste, 
even in biglily dilute solutions. Alcohol and e&ior 
readily dissolve it, the solutions manifesting an acid 
reaction, It unites with cliloiido of ammonium and 
cliloride of potassium, and forms definite compounds 
with tlicm, likewise with albumen and gelatin, pro- 
ducing difticiiltly soluble precipitates. TJio alkalies 
and alkaline carbonatoa decompose it, giving rise to 
precipitates of oxide and basic carbonate of zinc, 
according to the agent used, but which precipitates, 
as stated under Osaide of Zinc, are soluble in an ex- 
cess of many of those rcag^s, owing to zincates of 
those bases being formed. Sulphuric- acid readily 
converts the chloride into a sulphate of zinc, with 
evolution of hydrx)e)doric acid. The pnro salt has a 
coni])Ovsitiou corresponding to the symbol Zn Cl, being 
ronii)OS d of — 


Atomic weight . 

1 E(|. of zitio, 32’0 . . 

J Eq. of chlorine, 35*5 . . 


Coiitptilniaily* 

.. 47'4(W 
. . 52-593 

.. 100*000 


The composition of the hydrated salt is Zn Cl, IIO ; 
it is crystalline, and contains, according to SciiiNDLEii, 
in one hundred parts — 



Oon1«ilmally^> 

Bohindlor. 

.. 32*0 

= 41*83 ... 

. 39-80 

.. 85*5 

== 46*40 . . . 

. 43-81 

. . 9*0 

= li*77 ... 

. 16*39 

7G*5 

100*00 

100*00 


Owing to its physiological effects, the chief 
use of cliloridc of zinc is in medicine; but latterly it 
has been successfully introduced as a disinfectant, and 
likewise for inipregnating Avood in order to preserve it 
from decay or putrefaction. Its use has been much 
extended in the first application by its qualifies ns a 
caustic or eseharotic, destroying the life of the part 
with which it comes in contact, owing to its combina- 
tion with the albumen and fibrin of the tissue, which 
substtinces appear in the fonn of an eschar some time 
after. Many prefer chloride of zinc in this capacity to i 
nitrate of silver, and even to chloride of antimony, as 
it penetrates further, and leaves the wound or sore in a 
more healthy state ^fter the removal of the eschar. 
When taken into the system, chloride of zinc acts, in 
largo doses, as an irritant or caustic poison, and affects 
tiie nervous system. It produces a burning sens^stion 
in thiQ stomach, nausea, vomiting, anxiety, short Ijreath- 
ing, cold sweats, fainting, and convulsions. In very 
small doses, none of these efiecta are attendant upon 

Jife' WtLWA^ BttKNETT introduced a concentrated 
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, solution of this compound some years age, as A diwurect- 
. lug and antiseptic fiuid. The liquid conitaified about 
f one^fonrth of its weight of the suit, and liad a specific 

, gravity of 2*0. Its antiseptic qualities depend upon 

, its power of uniting with animal tissues, and forming 
i qiermaxient bodies witii them; aiuHhence its uso in 

5 preserving anatomical subjects for disBoction; its dic- 

5 infecting quality arises from its power of decompoBiug 
i sulphide of ammonium and sulphide of hydrogen to 
I some extent/ It is inferior, however, in this respect to 
- a solution of chloroxide of calcium— bleaching powder 
, — <imd several other combinations, as stated under 
i- Disinfectants — owing to the latter 1 icing not only 
I capable of arresting gaseous emanations, but also of 
I disseminating a disinfecting gas into the air which 
i arrests any fonl odor immediately. 

Sulphate op Zino— mtriol; wUte vittioL— 
j This iiiit, which is said to have been known at the end 
) of tlio thirteenth century, has boon long manufactured 
, on a large scale at Goslar in Germany. It was long 
, erroneously considered as a modified sulphate of iron, 
but this notion was abandoned when tho true metallic 
[■ nature of zinc became known. It is much more im- 
portant tlian any other saline combinations of the rnchd, 
as woll^for its cheapness as for being tho moans ot 
preparing the other compounds of zinc, and likewise 
for tho extended uses to ^ich it is applied in the arts 
and in medicine. ^ . * 

Preparation.--- Ai Goslar, where 6ulj>hate of zinc 
was first extensively manufactured, as well for the pre- 
paration of Nordhausen vitriol as for aiiplicatiou in tlio 
medicinal art, tho following process was adopted! — 

, The natural deposit of ore, consisting of sulphates 
of zinc, lead, copper, silver, and iron, w-as assorted to 
obtain the poitions richer in zinc; tlicse were siib- 
mitied to a roasting operation in heaps, during which 
the Buliihiir was converted into sidpliuric acid, and 
by this the radnis were changed into tbo corrospon ding 
sulphates; the mass Avas then lixiviated, and the solublo 
salts, consisting of sulphates of zinc, iron, cadmium, 
cojiper, and silver, washed out, and afterwards evapo- 
rated till the siilj)hatos crystallized. Tho impure salt, 
after slight Avashing, was heated to the melting point, 
and the A\'hole, or chief, part of its wahir of crystal- 
lization expelled. On allowing the mass to cool at this 
stage, it formed a white ojiaquo granulated substance 
resembling sugar. At a later period this jiroduct was 
freed from portions of its impuritieB by re-solution in 
water, and introducing into the lie fragments or plates 
of zinc, Which were allowed to remain in contact witK 
it for a longer or shorter time. After draV^ing off tlio 
clear liquid, it Avas evaporated, and tlie zinc sdt crys- 
tallized out as before. This method is still practised, 
not only at Goslar, but in several other looalitios Where 
blende is abundant. 

Sulphate of zinc is obtained at present as a second- 
ary product from the acid liquors of galvanic batteries 
employed in developing electricity, as also from the 
Itquore remairing after the precipitation of copper on 
the large scale from its solutions, by metallio zim^. 

The pure salt may bo obtained by treating coftimor- 
cial, or purified zinc, in a divided or gi*anulatod state, 
with sulphuric acid diluted Avith fifteen times its weight 

7 i 
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of water, in a leaden vossel, using the acid while still 
wann; three parts of rectitied acid of specific gi-avity 
1*84, are required to convert two parte of the nictal 
into a sulphate. The mixture is sustained at a gentle 
heat in order to promote the solution, and with 
the same view the contents of the vessel are agitated 
occasionally. After the solution is effected, a quantity 
of metal, about onc-cighth of the portion dissolved, 
is introduced into the liquid, and left to repose during 
Uiirty to forty-eight hours, the sligljt hcht being still 
maiiitaiuod. IJy this treatment tlie load and other less 
oxidizahle metals are precipitated, and are separated 
by lilteiing the liquid while still hot. The filtrate is 
now largely diluted with water, and a portion of it 
hxkcn, precipitated with carbonate of soda, as stated 
under the jiroiiaratiou of chloride of zinc, filtered, 
washed, and added to the remainder of the solution of 
the sulpliate. Chlorine is then tj'ansmittod into the 
mixture till the protosalt of iron present in it is con- 
verted to a scs(]uisaU ; after whicli the wliolo is aUowed 
to stand till the iron falls in the fonn of aesquioxide. 
The various changes by wLicJi the purification of the 
salt is effected in this instance, are analogous to those 
specified under Chloride, of Zinc^ and tlioi’idure uced 
not he detailed. After filtciiiig the liiiuid (Vom the 
deposit of sescpiioxido of iron, it is evajuu’ated till a 
pellicle begins to fonn on thj5 surface, when it is iier- 
mitted ta rest to allow the sale Jio crystallize. A second 
crystallization removes all traces of impurities, hut tliia 
is rarely required. 

Properties . — bulphato of zinc ciystallizea In color- 
less, transpareut, right rhombic prisms, containing 
seven oquiviilente of vater of crystallization. In this 
state it is very soluble in water, rcKpiiring somewhat 
less than its weight of cold, and coiisidcrably loss than 
its weight of the boiling liquid; thus, according to 
Kausten, one thouBandpartsufwater dissolve 

nine hundred and twenty-three parts of this salt, foj-m- 
ing a solution, the specific gravity of which is l'4‘b0.-b 
Dumas states that one hundred pails of water, at the 
ordinary temperature, take up one hundred and forty 
parts of the sulphate ; while other authorities assort 
tliat not loss than two and one-third jiarts of water arc 
necessary for the litpicfiiclion of one of the salts, wliii h is 
evidently erroneous, lloiliiig water takes up a iniicli 
larger quantity of the salt, and ovcu alcohol dissolves 
traces of it. Sulphate of zinc, according to the circuni- 
slaucos under wliich it is pre])are(l, is found assoriated 
witli different quantitic^s of water of crystallization, vary- 
ing fj'om one to seven eipiivaleiits; hut the c»nipoiuicl 
crystallizing from its solutions at teniporaturcs below 
81)“ to 8tr, always assimilates seven cquivalcnis of 
water. This salt offloroscos slightly in the air; exposed 
to a heat of 212"* it loses 37-3 per cent, of moisture, or 
six equivalents, tlio last equivalent being obstinately 
retained till the lieat rises to 451®. By tlio sudden appli- 
cation of a high temperature the compound at first 
fuses, and after the expulsion of the contained water, 
decomposilion of tho salt follows; anhydrous sul|)lmric 
acid, sulpliurouft acid, and oxygen being elimiuatod, 
while a highly basic salt remains. On oontimiing die 
heat, however^ till it approaches to whiteness, only pure 
oxide of zinc is left. Heated with charcoal at a red 


1 heat, it is reduced to tlie form of sulphide; hut at a 
sustained whit© heat, tho metal is isolated and vola- 
tilized in the form of vapor. AiJiydrous sulphate of 
zinc, on being exposed to moist air, readily assimilates 
its full complement of water of ciystallization with 
1 reagents. It affords tlie usual reactions of oxide of 
rinc in a salified slate, and is capable of fonning numer- 
ous double salts with other bodies. Sulphate of zinc, 
in its crA^stallizod form, is represented by the formula 
ZnO, S( > 3 , 7 110, and is comiiosed of— • 

Aiomlo welfsht. Cenloilmall^. 

1 Eq. of oxido of zinc, 40*0 r:- 27*072 

1 Eq. of auljthuric acid, 40*0 r-: 27*972 

7 Eqs. of water, 63*0 45*050 

143*0 100*000 

Uses. — This salt is used in medicine, in conso- 
qiionco of its ph 3 'si()logit:a] effects, wJiich are, wlien 
administered in small doses, of an asiiingeut, anti- 
sposmodic, and tonic nature ; whilst taken in largo 
quantities it is poisonous, causing vomiting, purging, 
coldness of the -extremities, and a flntteiing pulse. Jn 
full doses it acts as a si^ emetic, hut care should be j 
taken tliat it bo liun^wn off the stomacli, for if rctaiiKsd | 
for any length of time it occasions iiausofi and })io- ; 

longed retching. In this capacity of cnielic it is of ; 
great use where poisoning is suspectoil, as it acts ' 
ra])idly. Sulidialo of zinc is frequently used, owing 
to its astringent and eaustio jiroiiorties, in diseases of 
the eyes, and generally with good effect. In some 
eases it is used by dyers as a mordant; also as an oil 
drier for painting. 

Cakbonate of Ziko. -d’ho prejiaralion of tho 
neutral carbonate of oxide of zinc is somewhat difllcnlt, 
owing to tlic feehlo alfinity of the oxiile for carbonic 
acid, if, however, the preeijntate which occurs on 
adding a solution of bicarbonate of soda or of iiotassa 
to a solution of zinc he, afi u' washing, clisseniiuatea 
in water, and caihouic acid chaigcd into the liquor, 
the precipitate is dissolviul in the fonn of a hicarboiiatc, 
and on evaporating the liquid in an atinospliere of car- 
bonic acid, the ueutial or monocarhonate of oxide of 
zinc is uhtained. Its formula is ZnO, 

The ordinary carbonate of this oxide is a basic eom- 
jKiund, cciitainiijg five eqnivaleiite of base to two of 
acid. It is obtained by adding a solntion of carbonate 
of soda to one of sulpliate of zinc, taking care that tho 
latter is in sJiglit excess. Tho change which succeeds 
may he exemplified thus — 

5 (ZuO, SOa) -f 5 (N/iO, COg) = 3 ZnO, 2 (ZnO, CO,^) + 

5 J^uO SO3 4. 3 COg. 

When tlic precipitant is in excess, a portion of it 
com bines with the basic salt and cannot be removed by 
washing. For tliis reason carbonate of ammonia is 
somciiiuos preferred, only an equivalent quantity being 
emjdoyed, so that excess of the salt, which would dis- 
solve a part of the zinc carbonate, is avoided. The 
precipitate in either case is washed well and diicd at 
212®. 

Properties. — ^It is a loos© white powder resembling 
Uio carbonate of magnesia of tlie shops, almost insoluble 
in water, easily soluble in adds with evolution of caxhomo 
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acid, and converted by a red heat into oxide of zinc. 
Like the oxide it is readily reduced by carbon at a red 
heat. Moore asserts that several of the varieties sold 
in the shops as calamine or carbonate of zinc contain 
no zinc wliatevcr, but mixtures of carbonate of lime, 
sosquioxide of iron, and sulphate of baryta. When a 
sample oftho zinc carbonate is suspected to he fictitious, 
its purity is readily ascertained by dissolving it in dilute 
hydrochloric acid, and adding an excess of carbonate of 
ammonia to the liquor. It should he wholly soluble 
in the acid, and tlie precipitate at first formed in tlie 
second case should be dissolved by the excess of the 
aminoniacal salt. A residue on tlie one hand, or a 
persistent precipitate on the other, indicates adulteration. 

U&eB . — Physiologically the carbonate of zinc has the 
same properties as the oxide, and is applied medicinally 
in like cases. In tlio arts, this com])oiind has of late 
years, together witli the oxide, acquired some import- 
ance as a substitute for white lead in painting. 

Ac’BTATe of Zinc. — T he reader will find this salt 
described in Vol. I. page 48. It may he stated 
here, however, that it can he conveniently pre])ared 
from tlie carbonate of this base and acolic acid. Two 
parts ot the carbonate are heated wdth Bucecssivo 
jiortions of acetio acid of Rjiccific gravity 1*045— con- 
taining sixty-four [ler cent, of water — till complete 
solution is efTecied. About five parts of acid are 
required. Tlie solution is filtered while warm, and set 
I aside to cool for a day or two, after which period it 
j is decanted and concentiutod to the crystallizing point, 
when, on cooling, the acetate will deposit. Acetate 
of zinc ])ossesses a slight odor of acetic acid and a 
bitter saline nauseous taste. On being heated it fuses 
with the loss of water, and at length blackens, giving 
off the usual crapyrcumatic products rtjsultiiig from 
llu' ign(?ous decomposition of the a'*clatcs ; and if the 
tomjioratnre bo very elevated, the oxide of zinc will be 
likewise reduced. 

Acetate of zinc is soluble in three parts of <?old ailri 
ill lialf apart of boiling water ; in thirty jiarts of alcohol 
of eighty per cent, at the nornuil teniperalurc, and in 
one part at the boiling point. The solutions have an 
acid reaction. 

Thysiologically considered, the acetate of 
zinc is reputed to have the same properties as the 
sulphate, hut some French writers deny that it has a 
jioisonous effect even when administered in large doses, 
d'lio salt is used by dyers as a mordant. 

ZiNC-wiiiTE. — This pigment, to which considerable 
aitention has been given of late years, is either th(' 
anhydrous oxide, the hydrate oxide, or liydratecl basic 
carbonate of zinc. Its whiteness is equal to that of 
white lead, and not being taniishcd like the latter by 
sulphurous vapors, it has boon proposed to introduce it 
as a substitute for white lead in jiairiting, especially as 
it affords a more permanent color, is cheaper, and does 
not involve the great risk and sacrifice of life which, 
however carefully the prejiaration of tlie carbonate of 
lead maybe conducted, is oijcasiniied among the wodters 
engaged in that manufacture. The principal objection 
to its gonoral adoption is, that the paint compounded 
with it is less drying than those in wdiioh lead ootistitutcs 
the basis, and also that it does not cover or spread so 


perfectly as white lead ; or, in the language of the painter, 
that it does not possess sufficient binly. With, regard 
to its non-di-ymg qualities, imiuovomonts havt* been 
suggested which, if acted upon, would, in a great degree, 
obviate this objection ; and as to the want of body, the 
painter can well afford to spread a thicker layer of the 
zinc-white, seeing that a given weight o f the latter is 
considerably more bulky than the same quantity of the 
former, in consequence oftho lesser doiiHity of zinc, as 
well as its much lower atomic weight, which is to that 
of load in the proportion of tliirty-two to one huiulred 
and four. 

Guyton de Morvi^u was the first to proi)osc the 
substitution of oxide of zinc for the basic carbonate of 
lead in painting. Lassaigne likewise drew attention 
to tlie subject about 1821, and has lately commimicatod 
tlio fact that an oil painting finished at that time with 
oxide of zinc has liithorto retained its brilliant whiteness. 
The manufacture of the zinc-white owes much, how- 
ever, to M. Leolaire, who was among the first to 
establish its manufacture on a large scale for this pur- 
pose. More recently several patents have been taken 
in England for the preparation of the oxide of zinc for 
the painter’s use, and some of Ihcse will be referred to 
flirt ] I or ^n. 

Manufacture , — At first metallic zinc was the mate- 
rial from which the zinc-\^ite was prcjiared, the simple 
cliango effected being nmsMy the dinsipation of tlie metal 
in tlie form of vapor. While in this state, and still at a 
high degree of heat, the introduction of a ciurcnt of air 
cauBOR the metallic vapor to ignite, producing oxide of 
zinc in a finely-divided white powder, wlii<‘,]i, when col- 
lected, forms the substance in qucBtion. TIkj arrange- 
ment by which this change is oflcctcd is sliown in Figs. 
045 to 846. In Figs, 645 
and 646, the retorts from 
which tlio zinc is distilled are . 
ropresonted in section and 
elevation. Tlicy arc sitnilar 
to gas retorts, and are do- 1 
pressed cylinders, a a, off 
lefracl-ory clay, such as that 
of which glass pots are made. Their length is about 

Fig. (iI7. 


Fig. C4 J. 


Fig. (W'l. 




twenty-eight inches, their breadth ten inches, and 
their height about six inches ; the w^alls arc two and a 
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quarter luchos m tmoknesa; the aj^erture, h, wliid) 
uerves the double purpose of rntrodtSdagihe pip of zino, 
and allowing Ihe metallic vapors to escape, is four inches 
in breadth and two in height. Eight or ten of these aro 
placed in a double range, back to back, in a reverbe- 
ratory, represented in plan and section in Fip. 648, 649^ 


with a fine metallic gauze stretched on on Iron sa^ 
or framework, for the purpose of intercepting all the 
partiioles of the zinc-white; whilst the meshes of the 





and Tho fire is at C, the heat and flame of which 
pass over tlie cylinders and return bcneatli the floor of 
the reverberatory by the flue, c, d, /, (7, h, into the 
chimney, as seen in Fig. 649. When the interior of the 
fiinioce and tho retorts are dl(gerved at a reddish white 
heat, one or two hors of zinc are introduced into each 
of tlio retorts. The metal soon melts and enters itito 
ebullition, Uio vapor being disengaged by the aperture, 
bf of each retort, whore it comes into contact witli a 



cui rcnt of air heated in the cast-iron pipes, a a, to about 
570“ by tho waste caloric of the furuace, and enters into 
combustion. Tho metallic oxide so produced is carried 
along by the current of gas into the pipes, K K, which 
surmoimt the mouth of tlio retort, and is deposited in 
tho chambers, l four of which are in connection with 
each other by apertures alternately at tlio lower and 
upper part of tlicir partition walls. Tho disposition 
of the condensing chambers and other parts of the 
apparatus is shown in Figs. 650 and 651. Here A indi- 
cates die furnace, B the pipes leading to the ch^unbers, 
the last opening in the outer one of which is covered 


wire affords sufTicient space for the egress of tho nitro- 
gen and other gases into the flue or passage, G a, 
loading to the chimney, H. In this conduit two other 
screens, similar to that above described, may be fixed, 
but somewbat finer, to prevent the loss of as little 
as possible of the powder. After a w'hile the wire 
gauzes become covered with the powder, hut before the 
meshes arc closed they aro cleaned and replaced. 





The oxide of zinc tlius produced is always of good 
quality, unless indeed an excess of impurities exists in 
the metal employed. That which is inferior is always 
deposited in tho first chamber, being impregnated with 
tho oxides of the metallic bodies contained in the zinc, 
and also wiili a finely-divided powder of the zinc 
itself, in consequence of some of its vapor being 
Ciirried over before it underwent combustion. In con- 
sequence #f these impregnations, tho powder collected 
from the first chamber should always bo screened, and 
I lie product devoted to the commoner kinds of painting. 
It is necessary during tlio formation of the oxide of 
zinc, clear ilie openings communicating with adjacent 
cl lumbers, lest the deposition of tho powder on the walls 
should aceuinulaie so as to block up the passage. This 
is done by means of an iron rod passed through tlie 
wall, and commanding the opening. After the con- 
version of tlie charge is completed, the oxide of zinc 
deposited in tlie chambers is removed simply by placing 
a barrel beneatli the mouth of the hopper-shaped 
opening in the cliamber, and drawing tho sliding-jilate 
which is used to secure it while working. The zinc- 
white is then easily scraped into the receiver, and there 
reduced by pressure to the least possible volume. It 
is now ready for the market, or for compounding with; 
the oil as in tlie manufacture of paint. Tliroe furnaces 
like those described, eadi funiishod with eight retorts, 
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work off from twonty-eight to thirly kiindr^dweight 
of zinc in the twenty-four hours. This quantity ought 
to produce from thirly-five and a half to thirtyrmen 
hundredweight and a half of zinc- white; but in practice 
the average yield amounts to only thirty-one and a half 
to thirty-four hundredweight. 

Of late years several improved methods have been 
devised for tlie preparation of this suLstance, tlie most 
important of which, in tlie Editor’s judgment, will now 
bo briefly stated. 

M, LEcnAjRE’s mode of operation is indicated in the 
following description and figures, taken and abridged 
from Le G^nie Lidti^tricl. Figs. 652, 653, and 654 show 


Pig. 652. 



Iho disiillaiory furnace in longitudinal and transverse 
vortical sections and in plan. In thcBe figures, A 
ropresents the fire-door, n tlio fire, and c tlie retorts, 
which are made of refractory material. Five are gene- 
rally ranged at either side of the grale, but the num- 
ber can ho varied according to circumstances. The 
volatilized metallic vapors escape by the orifice, D, of 
the retort, before which are disposed a series of plates, E, 
called Bcrapors, attached to a horizontal iron rod, f, by 
similar pendant ones. By motion communiealed by 
hand or inacluncry to the horizontal rod, the scrapers, 
E E, are moved backwards and forwards, and coining at 
each movement against the door of tlie retort, any oxide 
which adheres to the aperture is knocked off. The 
oxide .ind metallic vapors issuing from tlie retort are 
received in small receptacles, Q Gj whicli open into an 
inclined channel that terminates in anotlicr fimnol- 
shapod conduit, g\ and this leads them into the 
receiver, O'*. It is ewlcnt that the small conduits, G G, 
receive only such mattci’S os solidify in the mouth of 
the retort, and which from tlieir density cannot bo 
drawn off to tlie receivers by the force of the current 
of gases passing through this arrangement to the 
chambers wherein the ozido of zinc is collected. A 
small plate-iron cage or box, h, is fixed over the 
mouth of each of tlio retorts in order to isolate tliem. 
It %esfiB upon a framework of metal, h', fixed into the 
wall of the fimace, and so constructed that it may be 


reinovod at will by means of a crane, or by making it 

elide or roll on a fiFamework or small railway. The 

anterior aperture is directed towards the orifioe of the 
# 



retort in such a manner tliat the products of the distil- 
lation empty thomselves into it, and the posterior part 
has a door which may bo opened at will. A trap-door, 
j, is contrived in the suspmded plate, K, and which can 
he raised or lowered at an iron- wire rope passing 

tlifough the posterior plate, i, of tlie box, ir, without 
opening il e door in this part of the latter. Sometimes, 
instead of ‘lifting tlie trap-door, it is so formed tliat it 
can be drawn backwards when it is necessary to open 


Fig. 664, 



it. K designates the suspended plate upon which tlie 
box or cage is placed ; it is isolated in its construction 
from the chamber of oxidation. Currents of cold ah’ 
may be directed upon this plate in order to cool it, so 
as to resist the temperature of the chamber. The hdi 
air, admitted for the combustion of the metal, enters 
from the pipe, L ; it communicates with the passage 
from the retorts to the receivers, and bo drives the 
oxide of zinc formed into the latter. In the receivers 
the inventor i)laces cloths for sifting or Bcreeuihg tlie 
products, tlie floor of each being a kind of hopper, or 
inclined plane, whereby the product gliding over the 
cloth is separated into its various qualities of fineness, 
imd received at once into separate boxes placed bonoatb 
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the sifter. In order to retain the finely-divided particles 
of zinc-v?hite which arise from ilio agitation, cloths are 
suspended at regular distances. These, while they 
afford a passage to tlie ^gasos, retain the j>articlcs of 
metallic oxide, and so prevent a loss of material. 

A draught pipe, Q, draws off the air and gases as well 
as the finely-divided oxide from the oxidising chamber 
tlirough the whole arrangement. Another pipe, R, 
placed at the top of each retort, draws into it by a 
lunnel-shaped opening all vapors and powder emitted 
from the retorts whilst they are being charged, and the 
draught of which, whenever it is isolated from the 
oxidising chamber is sufficient to draw the products 
through a series of chambers not shown in the drawing, 
having cloth screens as usual to retain the oxide of 
zinc. The ventilation of both the drauglit pipers, Q aJid 
R, is effected by means of the waste heat of the 
furnace. 

The same inventor combines the principle of the 
reverberatory funiace in tlie distillation of zinc fur the 
purpose of making zinc-white. In tifis arrangement 
he BO diRposf‘8 the retorts tliat the flame from the coal 
fire clrculai(!s round them, and then passes into a 
clmmlKir over the dome mclosiug the retort, where 
pipes may he laid for raising tlie temperature of the 
air wliich is forced into the space surrounding the 
months of the retorts to oxylise the zinc vapors. The 
oxide so produced is condu<3S>o.d to receiving chamhors 
in a manner somewhat similar to the two methods 
already described. 

llocHAZ's patent, dated in 1841), deserihes a con- 
struction of furnace suited either to the conversion of 
metallic zinc, or of ores of this metal, into the oxide. 
In the first case he uses clay crucihlcs, and arranges 
them in three rows in a furnace, sii|)])orjiijg them by 
two inlormedijitc fire-brick walls and by the side walls 
of the furnace, and so securing the crucihlcs at, the 
Hiu-facc that no vapors or smoke from the fijc can issue 
from the chamber beneath them, but must puss ofi' 
through passages in the h(jaring walls by small flues into 
the chimney, A loose slab or clay tile is used as a 
cover for tlie vessel wherein tlio distillation is effected, 
and the whole is inclosed by a flat roofing of rel'raclory 
tiles, well c«;imcnted and raised a few inches above the 
crucibles, for tlie introduction of air from without, for 
oxidising the metallic vapors. This space leads to a 
large cliambcr, in which jilates of iron arc; suspended in 
a slanting direction, so as to cause tlio current of vapor, 
loaded with oxide of zinc, to take a sinuous and zigzag 
course in passing through it. lu addition to these he 
fixes hands of hemp, or otlicr textile material, at in- 
tervals transversely in the eliamhcr, witli the view of 
intercepting the last portions of the zinc-white. Ihir- 
ther he contrives that the upper end of these hands 
shall pass through the walls of the chamber and dip 
into a trough of water, so as more effectually to con- 
dense tlie zincouB vapors in tlio interior. lie directs 
that the chambers more distant from the fiirnai^e be 
constructed of sailcloth, wliich affords the advantages 
of being easily accommodated to space, and of keeping 
the walls cooled by means of a copious sprinkling of 
water, applied exteriorly, and which causes the oxide 
of zinc to doiiosit more readily. The same patentee 


claims a metliod for preparing tlie oxides fi‘om the ores 
by a previous roasting, and introducing them, thus pre- 
pared, with charcoal or slack, into cylindrical or square 
clay crucibles, somewhat similar to tJiose employed for 
the reduction of the motal at Vieillo Montague, hut 
without the condensers, opening into a closed channel in 
the front, through which a current of air is introduced, 
and which carries the oxide of zinc, resulting from the 
combustion of the metal, into a cliamher disposed 
similarly to that described; likewise a blast furnace, 
represented in Fig, G55, for the same purpose. In this 
figure the mixtui’O of roasted ore and fuel is intro- 
duced into the passages, A A, R i* ; others are filled witli 

Fig. g.55. 



coke or other fuel ; uU of which arc covered with tiles, 
C c ; K, the cavity of tlio furnace, which is always 
kept filled with fuel from tlic jiassagos, n, b, and in 
which tlie rediiction of the oro is elVccicd by means of 
the blast introduced Ihrougli the inycro pijics, ii, ii, more 
especially in the region of r. The slags and residue 
descend into the cavity, o, whilst the vapors of zinc 
pass ofl‘ by the channel or fine, ]), into the condensing 
(!liamher, as soon as the stojiper, u, inclosing the 
mouth of the chamber, E, is removed. In tlie latter 
flue they meet a Htreuiu of air that efibets their oxida- 
tion. The chumher is evidently required to be more 
extensive in this instance, owdng to the gaseous pro- 
ducts of tlie combustion of the fuel being carried along 
with the oxide of zinc produced in the flue, D; but, 
excepting this inconvenience, the patentee asserts lliat 
no other will result, for all the carbonaceous or sooty 
products, produced in tlie region of the blast, arc entirely 
reduced or consumed in passing through the column of 
incandescent fuel al)o^^o F, so that only pure gases, 
w'hii'h are not calculated to discolor the product, are 
evolv'ed. 

Knowi.ys secured a patent in 1850, in which, 
among other claims, is a method of preparing tlie zinc- 
wdiite ffom its ores, by dLssolving the oxide in sulplmric 
aeid, and, after clarifying tho solution by filtration or 
subsidence, precipitating the metallic oxide with a solu- 
tion of carhonato of soda. The precipitate, after being 
washed and collected, is tlien dried by means of heat 
and pressure, and the compound so produced is either 
used in this state or reduced by ignition to tho oxide 
and then compounded into paint in tho ordinary way, 

Protiieroe employs an ordinary cylindrical retort, 
having inlets for the passage of a current of air at tho 
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posteriot end, and anotlier for raking out tlie heavy oxide 
whicli forms on the surface of the metal and the walls of 
the retort, the lighter and finer particles being conveyed 
by a pipe with the current of air to a condensing cham- 
ber, which is divided by partition walls of brick, or other 
material, into several compartments. In each division 
he disposes two frames or sashes, on wliich fine wire 
gauze is stretched for the purpose of intercepting the 
particles of powder in tlicir course tlirough the several 
divisions. Metallic zinc is preferred as the substance 
to opciate upon, and a reverberatory furnace is cm- 
plo^xd to reduce the metal to vapor. The quantity 
of heavy oxide skimmed off llio surface of the metal 
and from the walls of tlio retort, is drawn out by a 
rake into a passage which conducts it to a receiver in 
an inclosed chamber beneath the level of the solo of 
the furnace. 

Tri tlie method patented by Scott, a clay retort of 
tlie usual form is used, imbedded in sand, iiotsherds, or 
puniicestonc, and ho placed in Iho furnace that the pro- 
ducts of the combustion pass freely round it. The 
metallic zinc, which is din^cted to be used, is introduced 
through an inclined aijcrliire, which is usually closed 
by tlie unnicltcd portion of tin; block of zinc. The air 
which oxidises the va])ors of zinc issuing at the top of 
the retoit, is admitted to an inlefmediate chamber, where 
b(jth meet, and the product is carried by the current 
through a passage into a depositing cliainber, the roof 
of which is constructed of zinced iion, and is capable of 
being converted by a raised lodge, into a shallow cistern, 
for the purpose of cooling the interior. Tlic bottom of 
the chamber is dh ided into a riumber of funnel months, 
which, by attaeliijig cloth or other material to the nar- 
row part, lead the zinc- white at once into casks placed 
beneath to receive it. 

(lEYEiJx’s patent, sealed in 1853 , is based upon the 
same prijuaples, only the !ip])aratus is slightly modified, 
and a jtit of steam is employed to effect, the rapid oxida- 
tion of the metallic va}j|prs as they rise from the retort, 
and alS(; to aid in producing a ceitain amount of caloric 
expended in tlie operation. The jet of steam is intro- 
duced at tin', farther (uid of the retort, and ]»assing over 
the metal, it is decomposed, the ox^-goii combining with 
the zinc, and tlie hydrogen passing off to be consumed 
in the air channel outside tlie distillatory a]ij)aralus. 

IYttekton prepares the zinc- white from the dross 
and dregs of the purifying pots of the zinc-smelting 
establishmenis W heating them alone, or mixed W'ith a 
certain quantity of coke or charcoal, according to tlioir 
composition. IIo employs two condiaising chambers, 
tl)0 first intemded for retaining oxide of cadmium, or 
other impurities, and the second for collocthig the light 
white oxide of zinc. This patentee employs pressure, 
and a su])Soquent heating process, witli the view of 
obtaining a denser compound, and therefore bettor 
suited for painting. ♦ 

Zinc-white Paint. — Like white lead, the oxide of I 
zinc requires to bo mixed with an oily vehicle, to bo 
applied in painting. As oxide of zinc does not readily 
form a saponaceous compound wdth fats or oils like 
o.xide of lead ; the paint which is prepared with it and 
ordinarj' linseed oil, docs not dry or harden for a long 
time. This jieciilinrity was at^fi^at one of tlie principal 


drawbacks to the more general use of the zinc instead 
of tlie lead paint. Another of its defects is said to 
be its transparency, owing to wliich a layer of the zinc* 

I white paint does not exhibit so much body or opacity 
as a similar one of white lead, llotli these defects, 
which can be almost entirely overcome, arc more tlian 
compensated by Hie permanency of the oxide of zinc 
as a pigment under all circumstances, and its compara- 
tive innocuousnoBSi both in the manufacture ami the 
application ; whereas the poisonous qualities of while 
load constitute a fundamental objection to it. At first, 
manufacturers of zinc paint were led to Uic adoi)tion of 
tlic practice of boiling the oil with a largo quantity 
of litliargc, for the purpose of causing it to be inoro 
siccative ; but by tliis method the color of the paint is 
rendered liable to taniish on oxposmo to sulifiiurous 
emanations. Instead of litharge, experiments have led 
to tlie choice of salts of zinc, such as tho chloride and 
sulpliato, a small per eentage of wliich, on being mixed 
with the oil or oxide, confers uj>on the paint tlio 
property of readily hardening. Tho same resiilt is 
obtained* by employing an oil dried by boiling it with 
about five per cent, of penjxido of nifuigaiicse, or oven 
magnesia has been rccommouded, and is said to answer 
quite as well as the manganese; in cither case a paint 
retaining its wdiilo color [»ermaneiitly is obtained. 

jManulaeturors classify tb^cvoral qualities of the zinc- 
white into four kinds, namely, moto wldtCy ti'm' iolnU\ 
stone yri% and grey oxide / tho first livo are emiiloyc'd 
where a pure unalterable wdiiio color isicquirod; tho 
third is used for a ground color for Hie walls of houses, 
iron 2>aintijig, and the like ; and tho fourth is peculiarly 
adiqited for tho painting of ships and wood-work, and 
likewise for the ground of more exj^ensivo colors on 
stone or cement. Various shades may bo given to 
paint of which zinc-white constitutes tlio basis, by 
grinding u]) witli tluj oil, used as the vehicle, several 
metallic and other compounds of an unaltcral)lc nature 
in different proportions. Thus, an oraiige-ycllow is 
ohtaiiied by using kermes — suli>hido of antimony ; a 
citron-yellow by ejnjfioying cliromatc of zinc; a green 
by adding a mixture of chromate of zinc and a few i>cr 
cents, of cobalt blue. In like manner oxides of iron 
and of manganese, ultramarine, lamidlack, tt ertevo,^ 
communicate tints to tlic [jaint ; all of which, owing to 
the absence of lead, are mialtorcd by atmoH])Iuiric 
influences, sulpbido of hydrogen, or other emanations. 

Sometimes a very permanont and useful paint is i)re- 
pared from the natural ores of zinc without subjecting 
them to any of tho manufacturing processes already 
referred to for preparing tlie oxide of this metal. Tliis 
is tlie case with the zinc-stoiio of Virginia in the 
United States, which lias an average composition of— 


Oxiflo of zinc, 25*00 

Carbonate of magnesia, 11*21 

Ahimma, 17*00 

Silica, 2b'00 


This mineral constitutes a solid rock on Hie surface of 
the ground, and when pulverized and mixed with oU in 
proper proportions, forms on the surface to which it is 
applied a hard closely-adhering stone coating, imper- 
vious to water or fire. Its ordinary tint varies from a 
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I light drab to dark broTvn. Tins paint is capable of 
receiving a high polish. 

Oxide of zinc, or zinc-whitc, besides its application in 
painting, is valuable for paper-staining, card-enamelling, 
the bleaching of lace, tine glazing of pottery and porce- 
lain ware ; and the lighter white portions are used for 
producing the down on artificial feathers. 

Analysis and Testing of Minerals and Compounds 
of Zinc, — A short summary of the method followed in 
the assaying of zinc ores has already been laid before 
the reader. It is almost needless to state that in 
cons(xjuence of the numerous sources of error almost 
inseparably connected witli it, the j)rocc8s so described 
leads to no very accurate results. Hence in all cases 
where great pr(;cision is recpiired, the liquid process 
nmst bo adopted. Considerable difficulties arc encoun- 
tered in the analysis of zinc ores, and the compounds 
of this metal with others with which it is alloyed, in 
many valuable mixtures used in tlio arts — arising from 
j the fact tiiat sulphide of hydrogen does not separate 
! members of the fifth and sixth group of bases, namely, 

I mercurj", silver, copper, cadmium, arsenic, et cetera, 

1 iroin zinc in acid solutions, as was for some time sup- 

1 j ])osodj nor does potassa or ammonia, on tlie other 

: ; hand, serve to isolate it from iron, nickel, and other 

1 mernb(trs of the fourth group. Those considerations 
j have led to several proca^ftes for removing tlic cause 
! ’ of error, and conducting to more accurate determina- 

tions. As regards the action of sulphide of hydrogen, 
most of the analytical manuals to wliich the oheniical 
student has access give details which aic higldy erro- 
neous, and which, at best, serve only for qualitative 
I rather than accurate quantitative dctormiriatioTis ; for, 
j 1 in direct contradiction to what is commonly taught, 
8uli)hido of hytlrogcn does precipitate considerable por- 
tions of zinc in the form of sulphide from highly acid 
solutions. This fact was a few years ago very con- 
clusively decided by Mr. C. Calvekt, whose research 
sliows that the a])ovo agent cannot be employed in the 
liianner detail od in the manuixls to separate copper and 
j other metals of its class from zinc. Again, potassa, 

I j Avhich was for a long time supposed to be capable of 
I j parting zinc from iron, riiokel, cobalt, and manganescj, 

I j by dissolving the zinc in its excess, leaving the others 

I ! permanently precipitated as sesi^ui- and protoxides, 

I is now known to do so only partially so that under 

I almost every circumstance in which the ])recipitalion 
i is effected, more or less oxide of zinc is found in the 
' separated oxides. , Without going, therefore, into long 
I details of the several processes recommended, the most 
I trustworthy, and, at the samo time, most expeditious 
method for the analysis of zinc ores and alloys will hero 
be given. 

The ore or alloy should be dissolved in nitric acid, 
and o\'uporated to dryness at a moderate heat, exer- 
cifiirjg the usual amount of care in the operation. If 
the subject be an alloy into which tin or antimony may 
have entered, these metals will be converted into 
insoluble biuaxido in the case of tin, and into anti- 
mouious acid in case of antimony, particularly if the 
assay be treated with some fuming nitiio acid, as it 
becomes nearly evaporated. After thorough desicca- 
fion tho mass is treated with' boiling water, filtered 


and washed ; tlie binoxide of tin or antlmonious acid 
dried, burned, and weighed with duo precaution, and 
tho fUtrato with the washings containing copper, cad- 
mium, or other substances with the zinc, as tlio case 
may bo, treated further. According to Flajolot, 

1 tlie best process is to slightly acidify with hydrochloric 
I acid, and boil tlie Oolution, and add hyposulphite 
I of soda in excess to it whilst hot; sulphides of copper, 
cadmium, et cetera, are precipitated entirely free 
from zinc, by the decomposition of the hyposulphite. 
After tliorough washing, the preeijatated sulphides 
may be dissolved in acid, and tlie quantity of copper 
is determined by tlio processes already detailed uiidor 
Copper; or if cadmium bo present the solution may 
be treated with carbonate of ammonia in excess, 
and tho vessel left exposed for some time, when car- 
bonate of cadmiiirn falls to the bottom, and the copper 
remains in the solution, to wliich it gives a deep 'violet 
or blue color. After Uie carbonate of cadmium is filtered 
off, w^ashed with a solution of carbonate of ammonia and 
dried, it may be burned and weighed as oxide. The 
copper may bo estimated with a standard solution of 
cyanide, or of monosulpliide of potassium in the usual 
volumetric way. The zinc, iron, and nickel, with other . 
matters capable of being separated by tho reagent, 
may be thrown down from the solution with protosul- 
phidc of ammonium, tlio precipitate collected, washed, 
and dried at 212” till it ceases to lose weight; its entire 
weight is then noted, and the chief part introduced into ' 
a Gennan glass tuho on a platinum mattress or boat, 
wlierc it may he heated to redness, whilst a curn^nt of 
sulphide of hydrogen is passed through the apparatus. 
When the heat has been sustained for a quarter of an 
hour, tho lamp is removed, but tlio current of gas is 
still maintained till tlie tube and Us ^jontciits are cooled. 
The platinum boat is then removed, and its coutenis 
emptied into a beaker, and treated widi dilute hytlru- 
cliloric acid, containing one pait of strong acid in ten or 
twelve parts of water; Bulphicj^e of zinc is dissolved 
while the sulpliidcs of cobalt, nickel, and iron remain 
intact. The quantity of the latter may be detennined 
according to ihe processes wdiich have been given 
respectively under Cohalt, Iron, and Nickel, and the 
zinc in the solution may be estimated by bringing the 
liquid to a boiling heat, and adding sparingly a solution 
of carbonate of soda, as long as a precipitate is formed, 
boiling tho menstruum for some time to expel all car- 
bonic acid, and then collecting the basic carbonate of 
zinc on a filter, washing witli hot water, Hrying, igniting, 
and weighing the residiic. During the ignition all tlio 
carbonic acid is expelled from the basic carbonate, so 
tliat only oxide of zinc remains, from the weight of 
which that of Ihe metal may be calculated, since 40‘(> 
parts of it contain 32'0 of zinc. 

The oxide of zinc contained in ores of this motal 
may be determined by heating # weighed portion of 
them, finely ground, to redness for some time, and tlicn 
treating the powder with a solution of carbonate of 
ammonia as long as anything is dissolved ; the filtered 
liquid is next evaporated to dryneiWi and the residue^ 
heated to redness and weighed; this weight indicates 
the amount of oxide of zino eadsting os oxide ^ car- 
bonate in the ore. 6<gHWAE2^ instead evaporatiug > 
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the ammoniaoal solution of zinc, as in the foregoing, 
precipitates the metal as sulphide, either hy passing 
sulphide of hydrogen through the liquid, or adding 
sulphide of ammoriium to it. The sulphide of zinc is 
collected and washed with water, mixed with a little 
ammonia, and tlien introduced with the filter into a wide- 
rnouthed flash, whore it is treated with on acid solution 
of sesquichloride of iron, and slightly heated. Decom- 
position of the sulphide of zinc place in this case, 
and a reduction of a proportionate quantity of the iron 
salt to the state of protosalt, as explained by the for- 
mula— 

Zn8 -*- Fea CI3 = 2 Fe Cl -f- Zn 01 + S ; 
iliat is, for every equivalent of sulphide of zinc one of 
ilie sesquichloride of iron is reduced to the state of 
protociiloridc, while sulphur is separated from the 
former, and cJilorino from tlio iron salt assimi- 
lated. The liquid, as soon as it becomes clear by 
the floposilion of tlie sulphur, is filtered and the 
quantity of iron in the slate of protoxide estimated 
volurnotrically by means of standard solutions of per- 
manganate or of bichromate of ])otaRsa, and the amount 
of zinc deduced therefrom, since 56 parts of iron will 
represent 32 '0 of zinc. 

In the analysis of brasses, Pelouze’s volumetrical 
nudhod may likewise bo resoi;ted to; and, according to 
Oalvert, willi perfect accuracy. The brass is treated 
witli an acid till perfect solution lakes place, ammonia 
is added in excess, and a standard solution of mono- 
biilpliido of potassium introduced from a burette, whilst 
a black preeijntato forms in the li(iuid, and until a 
w^hite one begins to ai)pear. The quantity of copper 
being found from the volume of liquid used in tlio preci- 
pitation, that of the zinc may be taken as tlie difibrencc. 

Zinc is separated from nickel in many ways. If 
the alloy containing the two metals bo dissolved in 
sulphuric acid, and the sulphates so produced bo 
treated with acetate of baryta, a sulphate of baiyhi, 
witli the corresponding acetates of nickel and zinc, will 


be produced, with a little free acetic acid in proportion 
to the quantity of uncombined sulphuric add which 
existed in the solution. Sulphide of hydrogen passed 
through this mixture, throws dowii tlie zinc os sulphide, 
leaving tlio nickel in solution. The precipitated sid* 
phido of zinc and sulphate of baryta are filtered and 
washed, then treated with dilute nitric acid to dissolve 
the sulphide of zinc, and after removing tliis by filtra- 
tion and wasljing from the insoluble baryta compound, 
the oxide is thrown down as a basic carbonate by 
treatment witli a solution of carbonate of soda at a 
boiling temperature, tlien filtered, washed, and esti- 
mated os oxide, in the manner already detailed. The 
mckel con bo thrown down as oxide, after expelling 
the sulphide of hydrogen with caustic soda or potassa, 
and its weight estimated in tlio usual way. WoiUjER 
separates tlio two metals by adding an excess of potassa 
to the solution containing them, then a sufficient quantity 
of liydi-ocyanic acid to dissolve the precipitate so formed. 
Double cyanides of the motals with potassium arc tlnis 
produced, and which behave differently with protosul- 
phide of potassium, tlie zinc salt only being decomposed 
by this reagent. By treating the solution, tlierefore, with 
protOBulphide of potassium, sulphide of zinc separates 
completely, and may be removed and estimated in the 
usual way. The filtrate and washings sliould bo eva- 
porated to dryness with strong nitric acid to destroy 
tlie cyanogen compound^id the nickel determined by 
precipitating it with potassa or soda as already indicated. 

Statjstics. — Zinc was not an article of commerce 
previous to 1822, when it was imported in moderately 
large quantities, but only to be exported for the most part 
to India. The applications of tlio metal in the industry 
of the nation became gradually extended, till at present 
tlio home consumption averages about twenty tliousaiid 
tons annually. The following table exhibits the imports 
and exports of the metal from 1823 to 1851 ; since that 
period the homo consumption has been greatly on tho 
increase, whilst tho export remains about tho same : — 


YanrB» 


Iniijorts, 
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India 


Total 
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uauii. 

In 
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3823 
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4.636 


4700 . . 

— 

970 .... 

£22 to £23. 

182 1 
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8008 . . 

21 

.... 1140 

£24 to £23. 
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6.5.^(3 


4835 


6112 .. 
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.... 413 .... 

£22 10s. to £41 10s. 
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22 

.... 924 .... 
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1750 .... 
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3134 .. 
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.... 1512 .... 
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710 .... 

£12 to £14 lOs. * 

183r> 
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1350 .... 

£15 to £17. 

18.3(5 


8(500 
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.... 3U0 .... 

£10 108.,^23 10s., ftTid £19 lOs. 

1837 
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. 2336 
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— 


— 
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.... 6827 .... 
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vot. ^ ^ 

M- 
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The duty on imported zinc from 1823 to 1825 was 
twcnty-ci^lit pounds ten sliillings per ton ; this was 
reduced in 1820 to fourteen pouiuis ; in 1827 to twelve; 
in 1828 to 1832 to ten, and in 1833 to 1842 to two 
pounds per ton. Tiio duty levied in 1843 and 1844 
was one Rhilling per ton, and since then all tax upon 
the imported metal was abolished, Tlio average annual 
production from 1842 to 1 848 was thirty-two thousand 
five luindrccl tons, of which — 

Silesia made sixty-five per cent., or 21,000 tons. 


Bolginm made twenty 
rolrtiid made eight 
(Jracow made four 
England made three 


■ fijfiUO tons. 
4,000 tons. 

■ 1,000 tons. 


Total, 32,600 tons. 

The smelting of zinc declined in lOnglauJ from 1850 
till within the last few yearn that it has been a little 
more spirited in tlio several localities mentioned in the 
comineiiceniont of this article ; during the SfUtic period 
the Oontinorilal cstMhlishments, more especially those of 
Ilclgium, liave greatly enlarged Iheir production. The 
rjiiantity of zIjjc produced in the latter country in 1858 
was twenty-five thousand six hundred and seveuly ions. 


The following represents the quantity of zinc smelted 
in the Prussian States from 1837 to 1848, inclusive:— 


1837,. 

.21,546,600 

lbs. 

1843,. 

.36,047,200 

lbs. 

1838,. 

.2h,9S;},200 

lbs. 

1814,. 

.41,314,100 

lbs. 

18.19,. 

.21,636,000 

lbs. 

184.%. 

.43,801,200 

lbs. 

IS 10,. 

.20,879,800 

lbs. 

1846,. 

.43,961,000 

Ib.s. 

1841,. 

.19,977,900 

lbs. 

1817,. 

,44,221,800 

lbs. 

1842, . 

.27,012,000 

lbs. 

1848,. 

.39,873,600 

lbs. 


C)f this quantity there wore produced in the upper 
district : — 

184fi. 1848. 

In Rilcsia, 3.6,638,200 lbs. 36,193,100 lbs. 

In 'VVcfttplwili.i 189, 000 lbs. 76,000 lbs. 

lu Ithcnish Pnistiia,.. 6,322,900 lbs. 3,006,500 lbs. 

In France Uie quantity entered annually for homo 
consumption to about 1848, arnounted to oightecn or 
twenty thousand tons. Estimating the present oon- 
sumj)tion of ihat country at thiity thousand tons, that 
of ICngland at twenty thousand tons, the other Con- 
tinental nations and America at twenty-five thousand 
tons, the gross production would appear to average 
at ju'esent from seventy to Roventy-fivc thousand ttujs 
annually, a quarititv which a])])roxiniates to the present 
yield of the sovoi.d smelling works in opoiation. 
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mOFESSOE HOESFOED OF AMEEICA. 


ACETIC ACID. — Insert at foot of column 1, jjage 3, 
Vol. I — 'J’ho oxidation of the glycerin in fats also 
appears to bo a source of acetic acid. By melting 
rancid Cdiincso vegetal tallow — palrnitato and oleato of 
glycerin — in a flask, a strong smell of acetic acid is 
observed. Uedteniuciiek found that an a(iueous 
solution of glycerin is decomposed by tbo presence of 
ferments, and yields aeelie and metacetonic acids. By 
doubling the foiuiiiila 0^ 11^ 0^ of glycerin, and sub- 
Btracting 4 II, one obtains 0^^ 11^., C>iaj dnit is, three 
e(jiiivalenis of tbo liyd)iiied acetic acid. The oxidutioti 
of II4 by tbo oxygen of Ibc air, would produce the 
Bain(5 result. From this it feHlows, that the acid reac- 
tion of jMiicid fats and oils, is for tlie greater part 
produced by ilie ])Tosence of acetic acid forio^J by 
llio slow coinbijstioii of glycerin. — II. 

Insert at foot of column 1, page 10. — A veiy 
neat a]ij)iiratus for making small (piantilies of vinegar 
from alcohol, constructed by Dr. Scitaleti, lias l»een 
used in Germany for sevc-ral years. It consists of a 
cylinder of glass, ten inches high and eight inclics 
wide, lillcd up with (.*oarsoly-j)owdered charcoal. A. 
glass cover, with a moderate iipeilure I’or the admission 
of air, closes the toj) of the cylinder, wliile a small cock 
is adapted near the b<ittom for the icmoval of tlie fluid. 
'Die apparatus must be kept at a bunporature between 
03'’ — 77“. Every evening six ounces of a mixture of 
one tpiart of alcohol, specitic gravity 0-85fl, and cleve,n 
quarts water, arc poured slowly and in a line stieani 
evenly over the chan'o.d, after which tlie cover is lai<l 
on. The following morning the corresj)Oi)ding*quaiitity 
of vinegar may he drawn from tlie eoek. — IJ. 

Insert at foot of column U, j)ag(j 10. — It may hero bo 
inlerebting to mention an indirect niodo of producing 
vinegar from wood. Duruig the last few years, espe- 
cially during the crisis caused by tbo ravages of tlie 
potato disease, serious expiuiimuitb on a large scale 
have been instituted, with a view to substitute saw- 
ilust and woody flbre in general for potatoes in the 
distillation of spirit. Many years ago, Bi:a(;onnot 
found that saw-dust, cotton and tlax fibres, et evtem^ aro 
> cotivcrtcd into sugar by concentrated sulj^buric acid. 
The sugar thus obtained is fermented in the usual 
manner, and the alcohol generated may be easily 
converted into acetic acid by any of the processes 
ruentionod in tJie text. The cheapness of Biilpburic 
acid, and the universal command of woody flbre, open a 
promising future to the new and ingenious process, —TL 
Insert after Piuoxylic Suiuit or Wood Naputha , 


page 2.5, column 2. — It may bo well to remind the Ame- 
rican readers, tluxt the high duty on alcohol in England, 
renders the extraction of tlie pyi'oxylic sjurit from 
wood a matter of great importonco to Iho chemist. It 
is usual in hhigland to burn wood spiiil in lamps, and 
to use it generally as a subBtilutc for alcohol, whenever 
its enqiyrcumatic flavor is not objectionable, as tolera- 
bly pure wood spirit can bo obtained cheaper than 
alcohol.* 

At page 27, ruiddlo of column 2, the reader is directed 
to use cither sulphuric or hydrochloric acid for the 
puriticalion of wood vinegar. It is far preferable to 
use liydi'ochloric acid for decomjiosing the lime-salt. 
Sidpharic acid forms the lime gypsum, which 
converts the fluid to be distilled into a paste which it 
is very unpleasant to distil, as it boils inegularly and 
sometimes will) explosions.-- II. 

'I'lie cliloriile of barium vinegar-test, mentioned at 
page 34, column 2, may perhaps lie objected to, as 
calculated to mislead tlioso unacquainted with clic- 
nn’eal inauipuhitions. In view of this, Bd'rT(3Eii has 
recommended a concentrated solution of chloride of 
e.aleiiim, for detecting the adulteration of acetic acid by 
sulpliiiiio acid, lie found that all kinds of vim-gars, 
wlietlier pn*pared fjom wine, alcoJiol, fruit, or beer, 
notwithstanding llie small amount of sulphates whicli 
iliey contain, are perfectly inditlerent to a concentrated 
solution of cldoride of calcium. By adding to two 
drachms of vinegar a piece of crvBtallized ehloiide of 
calcium of tlie size of a small nut, and heating the 
whole to the boiling point, a precipitate of gypsum will 
fall down on cooling, if the lujuor coutaim only one- 
ihousaudth part 0 / sulphuric acid. — II. 

In coimoction with the mordant made by d<reom- 
posing alum by acetate of lead — see page 37, column 1 
— it may bo stated tliat the preparation of acetate of 
alumina by double decomposition of sugar of lead and 
sulphate of alumina, gives rise to immense quantities 
of suipbato of lead, which is in many localities ti'eated 
as a worthless refuse. By digr.'sting it with a stiong 
solution of carbonate of soda, it is converted into an 
inferior kind of white lead, wliieh might bo profitably 
disposed of, or else dissolved in acids for tbo prepara- 
tion of load salts, — H. 

At page 41, foot of column 2, it is stated that the 
vinegar sohl contains a small quantity of acetic ether, 
with the view, no doubt, of improving its taste and 
odor. It may bo added, however, that an interesting 
formation of this compound was observed in a sour 
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and decompoBed, eugar-cade \7hich .bad been sent from 
Andalusia to Paris. On splitting the oane open, a vei^ 
j^rong smell of acetic acid and acetate of oxide of olbyle 
vi^ perceptible. It is obvious that die presence of this 
compound, under the given circumstances, must bo 
explained by tlie contemporaneous formation of acetic 
acid and alcohol from the sugar, both of which combine 
in the nascent state to form acetic ether. — H. 

At page 42, column 1, it is stated that for commercial 
purposes, the protoacctate of iron is manufactured by 
introducing the materials into a large cast-iron boiler. 
By employing a copper kettle or boiler, the solution of 
the iron is oftected more rapidly by galvanic action. As 
long as there is any iron left unclissolved in the kettle, 
the copper w’^iU not bo acted upon by the acid. A few 
drops of a solution of bichloride of platinum, added to 
six or eight ounces of concentrated hydrochloric acid 
used for dissolving tin, will induce a very violent action, 
and the tin will dissolve, requiring but little aid by 
heat. The same takes place when bichloride of pla- 
tinum is added to the acetic acid for preparing proto- 
acetate of iron.— ;JI. 

Insert, ill corjnectioni%itb white acetate of load, page 
41, column 1. — It is a well-known fact among phyto- 
chemists, that sulphide of lead has a groat affinity for 
coloring mattora. Based on this observation, a Ger- 
man chemist proposed to decolor a colored solution 
of acetate of lead, by the Jd^lition of a small quantity 
of sulphide of potassium or suTphide of calcium. After 
boiling and filtering, the menstruum is clear and 
without liuo, 

ALCOHOL. — At page 50, top of coliuxm 1, it is stated 
that alcohol is never produced except by the vinous or 
alcoholic fermentation of particular substances. There 
is one exception to this rule. Pure olefiant gas is 
absorbed by agitation with concentrated sulphuric acid, 
with formation of sulphovinic acid ; and by diluting the 
latter compound with water, and distilling the fluid, 
alcohol is obtained. This fact was discovered twenty- 
seven years ago by IlEMKy IYrnneT/, though, singular 
to say, the discovery has lately been claimed by Ber- 
THELOT. — H. I 

Insert at foot of column 1, page 107 . — Dunder 
fulfils two important offices in the distillation of 
rum. In the first jdace, tlio large quantify of acetic 
acid contained in it, and formed at the expense of 
alcohol during fermentation of the wash, servos to 
decompose the sugarate of lime, contained in the 
generality of West India molasses in considerable 
quantities. It is for this reason that dunder increases 
the yield of mm. Sugarate of lime does not ferment, 
and when present in considerable quantity, actually 
opposes the fermentation of the wash; so that without 
diindor, fermentation would proceed so sluggishly that 
most of the alcohol would be converted into vinegar. 
This occurrence might be avoided by adding the diluted 
molasses containing sugarate of lime, to its own bulk of 
strongly fermenting wash. The carbonic acid of the 
fermenting liquor would then perform tlie office of the 
acetic acid of the dunder, by precipitating the lime as car- 
bonate of lime and liberating tlie sugar. The American 
Editor disproved the idea that dundor is connected 
with the fine flavor of rum, by two experiments. In 


one trial, molasses — ^from which all the lime was preci- 
pitated by sulphurous acid — and water only were used. 
The resting rum was a very fine-flavored spirit, and 
the yield nfflB perceptibly greater than from molasses 
not thus treated, though from similar cane. Anotlicr 
trial was made by partially filling the rectifying vessels 
or retorts, as they are called in Jamaica — they are like 
the wash-heater, as prepared B, Fig 78, and connected 
with the still in tho same manner — with dunder, with 
a view to increase the flavor of tho mm, as might 
be expected if the flavor proceeded from that source. 
Tho rum, however, thus obtained had the disagreeable 
flavor of the dundor totally difforont from that of Old 
Jamaica, The flavor of the rum appears to depend 
entirely on tho presence of a fusel-oil, the formation of 
which is immediately dependent on the proportion of tho 
surface of the wash exposed to the air during fermen- 
tation, to its entire volume. It is well known that two 
contiguous sugar plantations will produce very dilTerent 
qualities of rum, though operating in the same identical 
way. But it has been observed that in such cases tho 
size and tlie exposed surface of their fermenting vats 
were different, or if not, tho stills were of difforcul 
capacity. The protracted boiling of the wash in very 
large and deep stills, injures tlie flavor by incrensiiig 
tho ompyreuraatic products. From tho above obser- 
vation it would follow, that the origin of tho genuiue 
flavor is intimately connected with tho more or less 
complete oxidation of tho molasses ferment induced by 
the greater or smaller surface of tlie wash — compared 
with the bulk — exposed to the air. Largo cubical 
cisterns, holding one thousand and more gallons, yield 
an inferior rum, as compared with smaller vats liaving 
I a larger exposed surface. Similar observations made 
I by LiKiiia with regard to Rhenish wine appear to con- 
firm this opinion. 

Tlio second office fulfillefl by dunder — an office of 
some importance for tho more rapid development of 
fermentation — is by its richness in , ferment Tlio 
colonial distiller does not employ any yeast for induc- 
ing fermentation of his wash; he is consequently 
obliged to work upon more dilute solutions of molasses 
and skimmings — collectively called aweeis — than are 
used by his continental competitors. Any, even the 
sliglitcBt Source of ferment, must therefore bo welcome 
for his purpose. Dunder is such a source. Fertnents, 
it is well known, are destroyed by boiling-heat of 
water, and recent dunder is in that respect perfectly 
inert; but by exposure to air in shallow tanks, an 
oxidation and regeneration of tho hilkd ferment takes 
place, and it is to this circumstance that a part of the 
favoniblo action of dunder must be ascribed. 

Without tho assistance of dunder a more rapid fer- 
mentation of the wash may be obtained by converting 
the cane-sugar contained in molasses into grape-sugar, 
by treatment with a small quantity of acid, which is 
subsequently nentralized. It Los been stated that less 
ferment is required for converting grape-sugar into 
alcohol than cane-sugar, a fact which will render it 
less miraculous to bear tlmt some plantations manufac^ 
tuTO a superior rum while their sugar is nearly as dark 
as coal-tar. l^olasses from such Sugar contain chiefly 
grape-sugar. Allusion has already beCn mado to ihe 
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due flavof of rum i!na<)o from molasses which were 
obtained by boiling sugar with an excess of bisnlphite 
of lime. 

CloanlinesB in the oporatioia of the ^tilling is a 
Standard admonition of the theoretical world, woefully 
disregarded by the practical. In fact, it appears that 
a premium is offered to malpractice in this instance, as 
many of the most detestable colonial distilleries turn out 
Very creditable produce. Whether the exception proves 
the rule in this case, must be left undecided. How- 
ever, if cleanliness is not absolutely re<pnrod for imjwov- 
ing the flavor of the spirit, it would be a charity to the 
Btrll-house bookkeeper, who is condemned to pass part 
of his lifetime in these disgusting dungeons. — II. 

Page 117, colunui 2, Akoholoimtry . — To the analy- 
tical chemist it happens sometimes that only small 
quantities of the alcoholic fluids ane at liis command. 
In such cases it is almost impossible to obtain a correct 
result, by determining the s[)ecific gravity of the few 
drops of alcohol obtained by distHIation. It is safer 
to subject llic alcohol obtained to an organic anal 3 ^si 8 
by combustion with oxide of copper, and calculate the 
quantity absolute alcohol from the resulting carbonic 
acid and water. Tliis is of course only applicable 
when the alcuhol docs not contain other volatile bodies, 
like ethereal oils, et cctcm, 

AKSIONfC. — At the top of column 2, page 216, 
Vol. 1., insert— Xu the presence of oxide of iron, niimito 
quantities of arsenic cannot bo detected by the blow- 
pipe. In that case, the oxide of iron must be treated 
with a boiling solution of potash, which is afterwards 
neutralized by sulphuric acid, and tested in Mausu’s 
apj)aratus. 

In same page and column the reader is directed to 
(Inq) a few fragments of ])ure zinc into Mausu’s tube- 
a])])aratus. It (feserves to be remarked, however, that 
pure zinc, especially when in large pieces, frequently 
dissolves so slowly in dilute sulj)hurie acid, that it is 
impossible to obtain a steady hydrogen flame. The 
addition of a drop of bichloride of platinum, or of a 
small quantity of platinum black, will remedy tliis 
dilliculty. If the fluid to bo tested contains any con- 
siderable quantity of arsenics acid, this alone is suffi- 
cient to produce a violent reaction of the aci^ on the 
zinc. — H. 

BALSAM. — Vol, I., column 1, page 223 . — Canada 
BaUam , — Tliis balsam is motStly used by optical instru- 
ment-makers for^ cementing together the different parts 
of achiomatic lenses, Nichol’s prisms, rt cetera. It 
may bo hdro added tliat Japan varnish is a balsam 
derived from Rims vcrrtlxy and serves to impart a 
brilliant 1 astro to metallic and other objects, hence 
denominated japanned articles. 

BEER. — In connection with the analysi^ of beer, 

^ pages 281-284, the following may be given : — 

AXAUrSlB OF VAIUOUS KINDS OP OELEBftATKD BEEK. 


Bsrclay’B ole,. 


Barclay’s porter, 
purtor^ . . 
Bavarian ale, v . . 
liondoii 


Wwtprln 

lua. 

Ejetrartive 
in utter. 

AleoboL 

Carbonla 

ncid AnAlyifc 


.. G 02 , 

. 6*90 , 

, . 015 Rftiser. 

79*62 

..14*60 . 

. 5-88 . 

. 0'04 Uoil'manu. 


.. 4’50 . 

. .5*65 , 

. 0*07 *» 

88*74 

.. 5*5)8 .. 

. 6*10 . 

. 0*18 RatBor. 

86*28 

. . 6*80 .. 

. 6*01 . 

. „ — Ballmg. 

60*96 

.. 4*70 .. 

. 4*34 . 

t( 

76*03 

..16*8S .. 

. 8*08 . 

— “ 




BENZOL. — Insert at foot of oobitoi! I, page 286, 
Vol. I.— The rectified volatile oil frotn coal-tar^ distiiling 
between 212‘’-S20*‘, and consisting mostly of benzqi, 
toluol, and ctimul, has been strongly recommended' for 
oil point in the place of oil of tuipentuie. It h^ ^0 
advantage of evaporating rapidly, whereby aparioaents 
painted with oil paint are rendered much sooner in- 
habitable. 

A curious and interesdng application has been made 
of benzol by the well-known photographist, M. i>E Sr, 
Victor, based upon the property of tliis fluid, to be 
lighter than water and insoluble in it, and to be kindled 
with the greatest facility by a small flame in contact 
with air even at low temperatures. He found that 
benzol, to which have been added a few pieces of 
potassium or phosphide of calcium, readily inflames 
when thrown on water. An experiment was made on 
the Seine in Paris, in which three hundred grammes 
of benzol were inclosed in a glass-bottle, with half a 
gramme of potassium. The bottle was floated down 
the river, and suddenly broken. The potassium 
ignited apd set fire to the boq^ol ^icb burned with 
an immense flame, which, tliougli smoky, had great 
intensity, and lasted fully a minute in spite of a strong 
breeze. 

A repetition of this experiment in the fountain of 
the garden of the Palais Rc^^al gavo the same result. 
Ill spite of a heavy rain,«4^ llamo lusted over a minute. 

M. De St. Victor jiroposes a mixture of benzol 
with Hulplildo of carbon in which pliosphorus has boon 
dissolved, as a close imitation of the famous liquid 
Greek firo. — 11. 

BISMUTH. — ^Insert at foot of column 1, page 288. 
— An alloy for galvanoplastic moulds is prepared by 
fusing togetlicr eight parts of bismuth, eight parts load, 
three parts tin. This mixture melts at 225°. Tor pre- 
paring the mould, the alloy is fused and poured into a 
|)aste-board boat of about one quarter inch depth ; it 
is then stiired with a heated iron-wire until its surface 
is perfectly even and bright. As soon as it has acquired 
a pasty consistence, the medal to be moulded is sliglitly 
heated, and immediately pressed on the alloy, and kqif 
under pressure until cool. — Boitg&r. 

BLEACHING . — Insert at foot of eohimn 1, page .31 5, 
Vol. I. — Mr. L. Benner, chemist of KbenuN’s print- 
works at Danictal, near Rouen, has lately recommended 
the use of sugarate of lime — sugar-lime — ^in place of 
caustic lime for bleaching of cotton fabrics. He describes 
his process as follows : — For one scouring operation, two 
bnndrodj)iecesof fourteen pounds each arc worked upon, 
and the operation is performed in large kiers, heated 
on the open fire, and under a j)ressiire of about twenty- 
two pounds to the inch. As soon as the pieces arc singed, 
they are passed through a washing-machine — similar in 
principle to Robinson’s — in order to moisten them 
sufficiently lo^ prevent any danger of combustion. 
After this they are wound by a mechanism into a tub 
in which they are spread in largo ‘folds* During tlie 
latter operation a milk of lime, containing forty pounds 
burnt lime, runs on the juecea in such proportion that 
the forty pounds of lime will be used up by the two hun- 
dred pieces. From this liming tub the pieces are 
mechanioally transferred to the bucking kicr, in wliich 
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thoy are arranged in separate layers. After cohering 
and fixing the fabrics by wooden cross-bars, as much 
water is added as will cover the pieces to the height 
of twelve inches, after which the sugar-lime is added. 
The latter is prepared by mixing in a tub thirty pounds 
burnt lime with seventy-two pounds boiling water; after 
slaking, thirty -six pounds moro of hot water arc added to 
dilttto the lime-paste. To this milk of lime arc added 
fifteen pounds of molasses, previously dihitj)d with thirty- 
six pounds of hot water. The whole is well stirred and 
thrown into tlie bucking kier, whereupon the cover is 
fastened, and tlio charge kept boiling for eight hours. 
The fire must, however, be increased veiy gradually, 
bo that the operation is finished in about ten hours. 

''riiis oj^eration ended, the jiiecos are taken out, passed 
twice through the wasliing-machme, and brought hack 
again into the bucking kior. The pieces are folded up 
us before, covered with twelve inches of watc'T, which is 
mixed with the sngar-lime prepared from thirty pounds 
of burnt lime and ten poumls of molasses. The charge 
is again boiled during eight hours ; the pieces are tlnm 
removed, pas^jod 4wicc thniugh tlio wtishing-nia(-innc, 
arid steeped in hydrochloric acid of specific gravity 
1-010 = 2'’ TvvaddelJ during four hours. Thoy then 
undergo two washings — are brought back to the 
bucking kier a third time to be finislied hu' bleaching 
by a single soda-icy. ^ 

The Bugar-lirnc being soluble in water, and 

acting in all ri'spects like free lime, lias, of course, tlio 
great advantage of inlimate contact ^vith all the par- 
ticles of grease and resinons substances which are fixed 
on the fibre ; while the caustic lime, in consequence of i 
its rcstiicted solubility, especially in boiling water, is 
leas complete in its ba])onirying functions. 

The bleaching process is carried out as follows : — 
After paehing the pieces in the bucking kirn-, and 
covering tliern with twelve inches of watt;r, a solution 
of sixty pourifls of sofla-crystaJs is added, the cover of 
the kier fixstened, .and the charge boiled for throe hours. 
The fire is then withdrawn, the steam allowed to osca]>e, 
and the cover rotnoved. The soda Ihiuor is drawn otV 
and replaced by cold water, to wdiich a resin-soap, pre- 
pared of one hundred pounds of soda ash and one hun- 
dred poumls of rosin, is added. Tlio cover is ro]da(‘od, 
and the charge boiled fortvvedvo hours, after which the 
soa])-Iey is withdrawn, the Idor filled up with cold water 
as before, a solution of sixty pounds of soda crystals 
added, and the charg<5 again boiled fur three hours. 
The pieces arc now removed to undergo the washing 
procfjBS twice, before being wound into bieaebing 
floliitiou of chloroxido of calcium, where they remain a 
few liours; hence they pass through water, then receive 
a scouring in weak hydrochloric acid, and pass twice 
through the washing-machine. 

ricees which have not been treated with solution of 
chloroxide of calcium, ard equally as well adapted for 
dyeing purpos(is; and the treatment with bleaching 
liquor may therefore be dispensed with for the greater 
part of the pieces. 

The first scouring with soda crystals is intended to 
remove ti’aces of aci<l, and most of the resinous matter, 
to prepare and aid the action of the resin-soap. 

The second boiling with soda crystals is to remove 



the remainder of resinous eubstaiices, and also to free 
the fibre from adhering rosin-soap. 

This method of giving two scourings with sugar- 
lime offers tho gi’oat advantage over those methods, 
where onl}’- one scouring with a comparatively strong 
ley of lime is employed, of weakening the fibre in a less 
degree. 

Antkjiilokine. — The property of cotton and other 
woody fibre to condense gases and colors on its surface 
by a peculiar physical attraction, is well understood. 

This action, which it lias in common with all solid 
bodies, is so powerful in some instances, that it may 
even counteract chemical attraction. Cotton and other 
vegetal fibi e whicli has undergone the bleaching process 
by chlorine, for instance, has the property of power- 
fully retaining some chlorine gas. The difficulty of 
removing this ellogtually from the bleached fibre is 
almost iusuirnoun table, rcquiiing a great Racrifice of i 
time, wlicn rapidity is so essential, besides large volumes I 
of water and increased machinery. Now, in order to j 
insure tlie proper rapidity of tho manijnilations, either 1 1 
an fipptocuiblc amount of chlorine must bo left in the j 
bleached fabric or paper-pulp, or else this chlorine inuht ; 
he removed by substances bringing superior chemical I 
affinity into play. ! 

The expedient of only partially removing tho chlorine ; 
from cotton cloth is certainly in favor of the maijufm?- 
turer, to the ovidimt disadvantage of tho consumer. 
Chlorine acts gradually on the fibre ; it combines with 
its hydrogt ‘11 and disorganizes it, renders it brittle, aided 
by Ibe bydroebloric acid formed. The same is tho 
ease with paper-pulp. Tho action of c-hloriim left in 
the l>h^aeh(;d pulp is particularly illustrated by the 
pajier manufactured in Erance soon ufle^ tho introduc- 
tion of chloroxide of ealciurn into tho pa]ier-inills. The 
paper, on rumiing over tho liot clryitig rollers of the 
machine, heeoines brittle; the hooks printed on it 
gradually become full of brown sjiots, and acquire a uni- 
form brownish lint. Every bookseller is acquainted 
with tho inferiority of the modern printing pajicr in 
this respect. This deterioration must be entirely 
ascribed to the action of free clilorino, adhering to 
the fibre. It is not the jiapcr alone that suffers; the 
typo, too, with which it comes in contact, is affected in 
proportion to the amount of chlorine left in the paper. 

It is well to direct the attention of iiaper-rnakers and 
]>rintcrH to this point, and so furnish them willi a ready 
explanation of tbo nqiid dehiri oration of the paper and 
type, and to driw their attention to those etiemieal 
agents which may be employed with advantage for 
counteracting these evils. Agents of this description 
have been introduced to tlio public under the general 
designation of cmtichloHne. 

(Jarboiiate of soda or ammonia was first proposed as 
an antidote for chlorine ; but tboujjdi tho latter gas 
decomposes soda or ammonia in concentrated Rohitions, 
the effect in very dilute fluids is very insignificant, anti 
requires tho aid of heat. Sulphide of calcium was next 
introduced ; but iti? property of being decomposed by 
carbonic acid, with evolution of the fetid sulphide of 
hydrogen gas, and tho black precipitate which it pro- 
duces with any salt of iron or copper which may be 
present in the pulp by accident, preckde tHe use df > 
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tliie Balt, Protochlorido of tin— tin salt— and a mixture 
of protosulphate of iron and salt, have the diaadvantage 
of introducing metallic salts into the pulp, which ale 
about as objectionable as chlorine itself. Hyposulphite 
of soda is somewhat expensive, and precipitiitcs sul])hiir 
when brought in contact with chlorine or hydrochloric 
acid, the sulphur giving a yellowish tint to the paper. 
Kccenlly a patent was taken out by Rotu and Lea of 
Philadelphia, for the use of a solution of sulphite of 
soda us an antichlorinc. Sulphurous acid and its salts 
are indisputably the most economical, besides being 
the most efficient chemical compounds for removing 
free chlorine. Sulphurous acid alone, however, cannot 
be emtdoyed for the purpose in (|uestion, on account of 
being converted by chlorine into snlplniric acid, which 
has a detriinontal action on woody fibre. The sulphite 
of soda answers, therefore, all practical piirjH)ses, as far 
as its chemical action is coneerned ; it is, however, 
still liable to the objection of difficult transportation in 
its lliiid state, in wdiieh it must be sold for reasons of 
economy, entailing additional expense on the consumer 
for w^ah'r-tiglit casks and freight of a valueless sub- 
stance — water. These considerations, whic-.h o])p(jse a 
more goiioral apjdication of the sulpliite of soda, Imve 
induccid IVofcssor TTorseord to make the use of the 
cheap sulpliite of lime or aitlic/doriJc of liim^ the 
subject of a patent for England and America. 

It may appear on lirst consideration that neutral 
sulphite of lime, which is very little soluble in V’'>ter, 
could have but little effect on tlie chlorine combined 
with the fibre; but tlio fact that liydrochloric acid 
dissolves neutral sulydiito of lime witli formation of 
soluble bisulphite of lime, will readily explain its action. 
Now hydroeiiloric acid is invariably generated when- 
ever clilorino gas acts as a decoloring agent on organic 
substanccH. 

It is the hydrochloric acid thus generated which 
dissolves the neutral sulphite of lime. Contact with 
chlorine converts the sulphite into sulphate of lime, 
which goes to increase the wciglit of the paper, and 
practically saves to the mamifacturer nearly or quite 
the whole cost of the sulphite of lime. I'lie article 
is prepared by agitating milk of lime by means of 
revolving paddles in a long close box, with fumes of 
burning sulphur, until the reactioii is noutraf or acid. 
It is tlion drained and air-dried, and packed in casks 
for transportation. 

In connection with the formula given at page 324, 
column 2, it deserves to be stated that, instead of taking 
the protosulphate of iron — FeOSO,,— for tlie lueparation 
of sulphurous acid, it is more advanUigeous to employ 
the scsguisulphate of iron — Fcg Og, H SOg — which is 
obtained by roaMing green vilriol in the air, and then 
adding to it half as much more sulphuric acid as it 
already contains, and evaporating the resulting pasty 
mass to dryness. One hundred and ninety -eight parts 
of the diy sesquisulphate of iron are now mixed with 
eighty parts of sulphur, and heated, whereby one 
hundred and ninety-two parts of dry sulphurous acid 
gaB are obtained 

Og, 8 60fl + .0 8= 2(Fc S) + 6 {^. 

Stilpliiatiof iron. Bulphutom ooW. 


while one Imndrod and ninety-eight parts of the imdo- 
sulphaie of iron will only yield one hundred and 
sixty-nine parts of sulphurous acid. — H. 

Bleaching PownEtt. — At page 328, immediately 
preceding llio formula at foot of column 1, it is 
that tlie chlorine employed in the exporimouts was 
prepared by adding hydrochloric acid to chlorate of 
potassa. I3ut BuTTOER found that the gas thus 
obtained contained Cl Og. It is to be presumod that 
the mixed gases were passed llirough sufficient water, 
and at a rate sufficiently slow to permit the entire 
absorption of the Cl Og. — II. 

At page 32!) a description is given ot Fuesenius and 
Will’s metliod for testing the quality of manganese 
ore. A modification of this method, more simple, and 
still equally satisfactory for practical purposes, has 
been proposed by MoiiR, It is executed in the 
following manner : — Three grammes of the finely- 
powdered and dried manganese ore are mixed in a 
small glass flask witli a little water, and enough sul- 
phuric acid to render the wdiole mass pertoctly fluid. 
This flask and a porcelain capsule containing about 
nine grammes of crystallized oxalic acid, are now 
placed in one scale of llie balance, and brought into 
equilibrium by a basin of sand or small shot. Tho 
oxalic acid is now tlirown into the flask, where it 
immediately begins to reduce the binoxido of man- 
ganese under evolution onj(afl)ouic acid. To accelerate 
this decomposition, it is ^od to give the flask a circular 
liorizontal motion, until the evtdution of the carbonic 
a(;id has ceased, and the mass from black, which it 
was, has become light- colored. Tlio empty porcelain 
capsule and the glass flask are now ogain jduced on 
the balance, and so much weight placed into the 
capsule as to restore tho equilibrium. Tho weight 
required to eflcct this is equal to the weight of a 
binoxido of manganese in tlie ore, because one equi- 
valent of binoxido of raangancao = 44, when treated 
with oxalic and sulphuric acids, cause the evolution of 
two equivalents of carbonic acid = 44 ; one part by 
weight of binoxido of mangaueso is therefore indicated 
by one part of carbonic acid. 

Now, as three grammes of ore have been employed 
for tlie above experiment, it follows that tho amount 
of carbonic acid lost, divided by three, indicates the 
amount of binoxide of manganese in one gramme of 
tho ore; and by multiplying the latter number with one 
huiidied, the t>cr centage of the binoxide is obtained. 
The error produced by the loss of water in this method 
does not signify foi most practical purposes, but may 
be remedied by closing the flask with a cork in which 
a glass tube filled with dry chloride of calcium is 
fastened. In this case, however, the carbonic acid 
contained in the flask when tho experiment ig finished 
must be removed by suction, — H. 

BONE BLACK.— At page 336, eleventh line of first 
column, it is stated that solutions of sugar are better 
deprived of their color when alkaline than when acid. 
This, however, only applies to an alkalinity of sugar 
sirup produced by lime. 

Some interesting reflections are suggested by tho 
remark which follows in the same column with reference 
to the decoloring power of carbon, and M. Bussy’s 
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expoximent, showing that the reaction is strongly 
influenced by ordinary chemical forces, instead of being 
purely mechanical. As the Whole universe^ with all 
He .diversiiiod phenomena, deriros its (jffigin from one 
and as all the phenomena connected 
with matter can therefore only^ be functions of this 
creatiro unit, one may, a priori^ expect that which 
is actually observed, namely, the gradual transition 
and intimate connection of varied eflects and causes. 
Where does inorganic nature cease and life commence ? 
Where stops the action of light, and wlicre does heat 
begin? Why does magnetism induce electricity? 
Where do the physical forces — cohesion, repulsion, lieat, 
electropolarity, light and contact force, find a landmark 
which separates them from what are denominated 
chemical forces ? Every effect must have a cause, and 
every distinct effect a distinct causei; b\it it is the 
defect of the human mind to bo slow in distinguishing 
apparent from real diflTeroncos. Before Njcwtun it 
would have been undoubtedly considered good logic to 
coneludo, that the force which made the apple fall 
was different from that which kept the earth steady. 
Thus it comes that all definitions of isolated systems 
fail, and undergo continual amputation and restoration 
with every progress of science — now hobbling on one 
hantlagod leg, now on another — sliowing that nature 
abhors, if not the vacuum, at least systems and 
definitions; and it tcachcs^ti^ there is no gap in its 
mechanism, no wheel or spimg wanting in its clock- 
work ; in fine, there is no interruption in its develop- 
ment from a single cause or anmm to its utmost 
complicity, which is observed in tho perfection of 
organic existence. A disruption in the continuity of 
effects in the economy of nature would bo equal to the 
interruption of an electric wire between two telegraph 
stations ; because in that case tho intelligent cause on 
one station could no more produce an intelligent effect 
on tho other, in consequence of an apparently insigni- 
ficant accident. The forces as connected v^th tlio 
phenomena of matter, are in the same predicament. 
There can bo no real diflcronce in the so-called forces, 
because such a difference would constitute a real gap ; 
it would stamp the force as an individual, producing 
an individual effbet, so tliat all the infinitely different 
effects observed must bo ascribed to infinitely different 
forces. 

The attraction of coloring matter by charcoal is de- 
nominated mechanical, while tho attraction of sulphuric 
acid by baryta is classed with chemical effects. But 
animal charcoal does not only attract coloring matter ; 
it also decomposes metallic salts, and fixes their base 
by that same power of retention. Now it is known 
that chemical combinations and decompositions aro 
produced by differences in intensity of one only 
chemical attractive force called affinity. It is evi- 
dent that tho same force is inherent in animal char- 
coal. This view is coaroborated by the fact that 
animal charcoal absorbs different compounds in different 
but determined quantities.^ Nirfce has shown that 
iodine and chlorine gas are condensed by the inked 
portion of printed paper, whfle tho white portion of 
the paper does not retain any of the gases. . Charcoal 
at^jorbs heat And light most readily. It condenses 


electiioity bn its surface, and thersby mots, as a 
conductor, the satn^ as glass, which is Only an isobiitpr 
in consequence of^its great attraction for electadcify. 
Metallic oharcqs^ loses, with its power of attracting 
colors and gases, also the power of attracting electri- 
city, which latter now passes through without hind- 
rance, as through other conductors. Ordinary char- 
coal condenses gases, and frequently causes chemical 
combinations. This substance, then, shows the gradual 
i development of chemical effects by physical foi’cos’. 

[ The effect of animal charcoal depends entirely .upon 
I its porosity and the extent of its carbonaceous sur- 
j face, and is directly proportional to it; and it may ^ 
therefore be presumed that if the surface of charoCal 
could be indefinitely increased by solution in wat^r, it 
would produce all Iho poweilul chemical pbenomcna of 
cyanogen or ozone. 

If one moves on a step further, binoxide of tin pre- 
sents itself, a substance already more pronounced in its 
chemical character than charcoal. Still it is inclined 
to combine equally as well with bases as with acids, 
showing a transition character. Now, if pumice be 
soaked in a solution of bichloride of tin, and then 
dipped into a solution of carbonate of soda, the pumice 
acquires all the properties of aniu)al charcoal. Very 
porous pumice, finely -divided silica, cotton fibre — all 
these show signs of chemical power depending on their 
extent of surface ; and it may well be supposed that 
this chemical power would bo more prominent, could 
they bo obtained in tho fluid slate. Silicic acid, whicli 
is as inert as cliarcoal at the fjrdinary temperature, 
drives out the powerful Bulplmrie acid from its com- 
binations at a temperature nearer its own melting point. 

Another phenomenon is also connected with tlio 
action of animal charcoal, namely, that of endosmosis. 
It has been shown, as suhseqiieuli}^ stated in tho text, 
that a colored sugar solutiem containing, besides water, 
some salts, does not pass utichanged through animal 
charcoal. Pure water ia the first to pass through, then 
comes water with salts, then sugar, and lastly, tho 
color. From this one concludes that animal charcoal 
has the greatest aflinity for coloring matter, less for sugar 
solution — because the latter is replaced by the former 
— still less for salt solution, and least of all for water. 
Could, therefore, a thin diaphragm be constructed of 
animal cliarcoal, one would observe the endosmosis 
to take place from a salt solution into water, and from 
a- solution of sugar into salt, and from a solution of 
coloring matter into water, salt, and sugar; that is, of 
such tinctorial matter as has tlie greater affinity for 
animal charcoal. Thus a certain molecular attraction 
in animal charcoal may produce effects ascribbd to a 
multiplicity of forces, as mechanical force — ^adhesion, 
endosmotic force, catalytic force; and chemical force 
— affinity. Would it not be more rational to conador 
all these as mere functions of the same molecular 
tendency the intensity of which alone gives rise to 
variable effects, the same as is observed in sound, elec- 
tricity, and light ? — H. ' ' 

CoBRENWOTDBH assiimcs that the deeolorfhg effect 
of animal charcoal m oorrektive to its absorbing power ' 
for lime $ and on this supposition he basesvthe foUowipg , 
method for determining the commerckl taltte Qf 
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.'^4 toltttiou of sugBiato of lime is prepared, 
wmtBiaing, say, twOntjr grammee of Bmo in one thou. 
Band cubic ceutimetres fluid, whidh arc ucutraliBcd by 
one thousaad cubic centimetres of jj standard solution 
of sulphuric acid, so that fifty cubic centimetres of tho 
acid solution indicate one gramme lime. 

The samples of the bone black are now rendered of 
a uniform condition, by passing them separately through 
the same sieve, after having removed the fine dust by 
a paper fan. Fifty grammes of each sample are placed 
each in a glass fliisk. In each glass flask one hundred 
cubic centimetres of tho solution of sugarate of lime are 
added to tho bone black, and the whole allowed to 
digjSst for an hour, Aftci this the fluid of each flask 
is filtered separately, and fifty cubic centimetres of the 
filtrate liquor are tested for tlio amount of lime with 
the standard solution of sulphuric acid. The more 
lime there is absorbed by the bone black, the less sul- 
phuric acid will be required to neutralize the filtered 
liquor; and that liquor which requires least acid for 
neutralization, must have been in contact with the 
most valuable sample of bone black, so that tho 
value of tho animal charcoal increases directly as tho 
amount of standard acid required for neutralization 
deci eases. — II. 

BORACIC ACID. — At page 342, it is stated that 
boracic acid scarcely reddens' vegetal blues, and rendeis 
till meric brown, like an tdlaili. This reaction affords 
an easy meaiib of detecting boracic acid in its com- 
binations, by adding to it a little hydrochloric acid; 
after which dip into tlie fluid a piece of turmeric paper, 
and then di*y it. If a tiace of the acid was present, 
the paper will have a brown stain after drying. — II. 

BKFiAD.— Inscit at foot of column 1, page 377, 
Vol. I, — I'he frequent failure of the grain crops, and 
tho seal city of giaiu induced by sonic other accidental 
caubcs, has drawn tho attention of chemists to the pro- 
cess of bread-baking, cither with a view to discover some 
substitute for wheat flour, or else to find tho means for 
rendering tho whole of tho nutritive principles of tlie 
ceieals available for consiirnplioii. Tho latter direction 
has alieady furnislied valuable results. It is known 
that the bran separated flora flour contains a com- 
paratively largo proportion of nitrogeni/.ed substance, 
namely, that constituent of the flour which scon tributes 
most to nutrition. Until quite recently the bran was 
lost to tho nutrition of man. Now, however, it has 
been shown that this nitrogenized substance may bo 
extracted from tho brau without much trouble and 
expense, so as to obtain the whole of its valuable 
matter. This process, recommended by a number of 
chemists, was ultimately patented in Franco by a Mrs. 
Durut. The manipulation is carried out in the fol- 
lowing manner Bian is mixed up with boiling water 
in a kettle over a moderate fire, so that the mixture has 
a semifluid consistency. The mixture is now heated 
carefully until tlie bran loses its raw smell — not till it is 
cooked ; it is then transferred into bags and pressed. 
The pressed cake is treated once more in the same 
manner, mixing it with water, allowing to boil for a 
abort timCj and pressing. The fluid obtained by this 
Kcechd operOition sa used, instead of pure water, for a 
iJiPWb JPjrtien irf hem By tho first pressing a sirupy 
.20^ * 



juice is obtained, completdy saturated with gluten, 
and wUioh is destined to replace the pure water in the 
probess of bij^-baking ; thus gaming for the bread a 
large propo^on of valuable nutriment entirely jO# 
before. Tltc economy of this process is tiius t 
— A bag of flour of tb|i average weight of three hi^^ed 
and twelve pounds, made into bread witii water In the 
usual manner, yields on an average ono hundred tipd 
four loaves of four pounds each. A bag of flour of flbe 
same weight, made into bread with tho extract of 
bran, yields one hundred and tliiily loaves of four 
pounds eai’h, or a clear gain of tweiily-bix loaves over 
the old process. Twenty-five per cent, increase in tho 
yield of bread from the same amount of flour is a fact 
tho impoitance*of wliich cannot cosily bo exaggerated. 

BROMINE. — The process detailed at pages 303, 394, 
for tlio separ||tioii of bromine and chloiinc, mav with 
advantage be modified in tho following manillr:— 
Precipitate the solution containing chlorine and bromine 
with nitrate of silver ; wash, diy, and lieat the precipi- 
tate to a state of semi-fusion in a weighed poic(‘laui 
capsule. Weigh the capsule with the silver pi ecipitate, 
then reduce the latter with tiio aid of zinc and sul- 
jihuric acid in excess. Wash out the reduced silver, 
ignite, and weigh it. If one supposes the weight of the 
chloride and bromide of silver to be and that of tho 
metallic silver obtained from it by reiluction with zinc 
to be If, and the anioi^ of chlorine to bo a;, the 
amount of biomino bo a — I — From this 
wo conclude : — 

107-97» 107 •97w 

=(\, 

35-46 79-97 

from which is deduced : 

*=1-386740— 0-796C7a 

Tiiat is, multiply the weight of tho reduced silver 
by 1.38674, and deduct from the result the pro- 
duct obtained by multiplying the weight of tho 
chloride and bromide of silver with 0*79667, and 
tliO result will he tho amount of chlorine in the mix- 
ture. By substi acting tho weight of the chlorine 
plus that of metallic silver from the wciglit of the 
chloride and bromide of silver, the amount of biomino 
is obtained. — II. 

CANDLE.— Read, in connection with the processes 
described at pages 430, 431 : — The operations of saponi- 
fication of the fat, and decomposition of tho lime-soap 
by sulphuric acid, havp been hitherto effected in open 
vessels, under the ordinary pressure of tho atmosphere. 
An improvement on this plan has been recently pro- 
posed by M. Delafciiibu, of Besanpon, who suhsti- 
tutes close vessels in order-to saponify the fat. Wash 
and decompose the lime-soap under a pressure of 
about twenty-two pounds to tho square inch, by which 
the operations are considerably facilitated, and tboir 
duration shortened. Tho products by this process are 
said to be superior to those obtained in open vessels, 
and a considerable economy of fluid is effected. Tho 
apparatus consists essentially of a horizontal boiler, 
witii a man-hole and two safety valves at the top. 
The heat is furnished by a large steam-pipe, running 
in a depression along the bottom of tho boiler. The 
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pipe U perforated with ttiimeroai^ holes to distrlhute the 
boat jEQOre uoifortoly, A horhsonfcel iraa diaft, which 
passes through stuffing boxes ia the heads of the boiler, 
carries au agitator, the transveiml ribs of which nearly 
tcmdh the circucttferenoo of tlie boiler* A largo pulley 
at one end of the shaft recoitea its motion from a 
suitable motor, maloriale are charged through 
the man-hole, and at the end of the operation with- 
drawn by a largo valve at tlie bottom of the boiler. — 
H. 

CAOUTCnOnO.— The qnalitiesof sulphurized caoiil- 
ohonc ate doscribod in column 2, page 448, vol. I ; — 
Allowing the obomioal compobition of caoiitcliouc to 
be Cg Hy, the formula of tho host vulcanized rubber 
car-springs is found to be very near — 

$ 4- 24 K + 3 FbO + S C^O, 00^; 


I K signifying one equivalent of mbhex3tt:Cg*!H[^ 
rubber was rdpsosented by H^gAor eight timOs ite 
present equivalent — fthe vuloaiiized car^-springs would 
have the compact formula : — 

S -f 3 (B PbO CaO COa.) li, 

CIDFJl* — At page 475, middle of column 2, it is stated 
that in warm soasonB it is still a dehidoratum to discover 
some men ns of cheeking a too rapiii fermentation of 
eider. The process for the prevention of fermentation 
in saccharine solutioub, denominated mvlisme by the 
French, may bo very easily applied for cliecling this 
purpose, lly adding to fermenting powder from one 
SIX hundredth to one thousandth of neutial sulphite of 
lime, or of bisulphite of soda, the fenuentation maybe 
I reduced to a minimum, or ontin ly chocked. 
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